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Steroidogenesis begins with the metabolism of cholesterol to pregnenolone by the inner mitochon-
drial membrane cytochrome P450 side-chain cleavage (P450scc) enzyme. The rate of steroid
formation, however, depends on the rate of (i) cholesterol transport from intracellular stores to the
inner mitochondrial membrane and (ii) loading of P450scc with cholesterol. We demonstrated that
a key element in the regulation of cholesterol transport is the mitochondrial peripheral-type
benzodiazepine receptor (PBR) and that the presence of the polypeptide diazepam binding inhibitor
(DBI) was vital for steroidogenesis. We also showed that DBI, as the endogenous PBR ligand,
stimulates cholesterol transport. In addition, DBI directly promotes loading of cholesterol to
P450scc. We review herein our studies on the structure, function, topography and hormonal
regulation of PBR and DBI in steroidogenic cells. Based on these data we propose a model where
the interaction of DBI with PBR, at the outer/inner membrane contact sites, is the signal transducer
of hormone-stimulated and constitutive steroidogenesis at the mitochondrial level. Hormone-in-
duced changes in PBR microenvironment/structure regulate the affinity of the receptor. PBR ligand
binding to a higher affinity receptor results in increased cholesterol transport. In addition,
hormone-induced release (processing?) of a 30,000 My, DBI-immunoreactive protein from the inner
mitochondrial membrane may result to the intramitochondrial production of DBI which directly
stimulates loading of P450scc with cholesterol. Thus, in vivo, hormonal activation of these two
mechanisms results in efficient cholesterol delivery and utilization and thus high levels of steroid
synthesis.
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INTRODUCTION on inner mitochondrial membranes [1-4]. More de-
tailed studies have shown that the reaction catalyzed by
P450scc is not the rate-limiting step in the synthesis of
steroid hormones, but rather it is the transport of the
precursor, cholesterol, from intracellular sources to the
inner mitochondrial membrane and the subsequent
loading of cholesterol in the P450scc active site [1-4].
This hormone-dependent transport mechanism was
shown to be mediated by cyclic adenosine monophos-
phate (cAMP), to be regulated by a cytoplasmic pro-
tein, and to be localized in the mitochondrion [1-4].

Trophic hormone regulation of steroid synthesis can be
thought as being either ‘“‘acute’, that occurs within
minutes and results in the rapid synthesis of steroids,
or ““chronic”, that occurs over a long period of time and
results in increased synthesis of the components of the
steroidogenic machinery and continued steroid pro-
duction. The primary point of control in the acute
stimulation of steroidogenesis by hormones involves
the first step in this biosynthetic pathway, where
cholesterol is converted to pregnenolone by the choles-
terol side chain cleavage cytochrome P450 (P450scc)
and auxiliary electron transferring proteins, localized DBI IN STEROIDOGENESIS

In search of the cytoplasmic steroidogenesis-
stimulating factor(s), a protein of molecular weight
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mitochondria and transport from the outer to the
inner membrane [5,6]. This 8200 steroidogenesis-
stimulating protein was shown to be identical to the
polypeptide diazepam binding inhibitor (DBI) [7],
except the loss of two amino acids (Gly-Ile) from the
carboxy terminus [8]. DBI, a 10,000 My, protein, was
originally purified from brain by monitoring its ability
to displace diazepam from the allosteric modulatory
sites for t-aminobutyric acid (GABA) action on
GABA, receptors [7,9]. DBI was also independently
purified and characterized for its ability to bind long
chain acyl-CoA-esters [10] and modulate insulin
secretion [11]. DBI was found to be present in a
variety of tissues and to be highly expressed in
adrenocortical and testicular Leydig cells [12-15]. We
and others then showed that des-(Gly-1le)-DBI,
purified rat and bovine brain, rat testis and bovine
testis DBI stimulate intramitochondrial cholesterol
transport and increase pregnenolone formation by iso-
lated adrenocortical and Leydig cell mitochondria
[3,6,8,16,17]. The bioactive amino acid sequence
within the DBI molecule bearing the steroidogenesis-
stimulating activity was identified in the region of
amino acids 17-50 [16]. Moreover, we showed that
both native and recombinant DBI were able to stimu-
late loading of the P450scc with cholesterol in an
in vitro reconstituted enzyme system [18,19]. The
significance of this finding will be discussed later in
the manuscript.

Although DBI was initially thought to be a short
lived protein, regulated by hormones and cAMP [6],
we demonstrated that it has a long half life and it is not
regulated by hormones in steroidogenic cells [13].
However, the presence of DBI was shown to be vital
for the acute trophic hormone-stimulation of steroido-
genesis since suppression of DBI expression in MA-10
Leydig cells, using a cholesterol-linked phosphoro-
thioate oligodeoxynucleotide antisense to DBI, resulted
in inhibition of hormonal stimulation [20]. These data
suggest that DBI may act on mitochondrial preg-
nenolone formation through a hormone-regulated
mechanism.

The role of DBI in a cell model where steroido-
genesis occurs in a hormone-independent, constitu-
tive, manner was also examined [21]. In these cells,
one can expect that constitutive steroidogenesis is
driven by the unregulated expression of the hormonal
mechanism that controls steroid synthesis or by an
unknown separate mechanism. The R2C rat Leydig
constitutive steroid producing tumor cells expressed
high levels of DBI. R2C cell treatment with a choles-
terol-linked phosphorothioate oligodeoxynucleotide
antisense to DBI, but not sense, resulted in the re-
duction of DBI levels and a concomitant dramatic
decrease of the amount of progesterone produced
[21]. These observations strongly suggest that DBI
was also important in maintaining constitutive
steroidogenesis.
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PBRs IN STEROIDOGENESIS

PBRs were originally discovered as a binding site for
the benzodiazepine diazepam in peripheral tissues
[22, 23]. The reason this drug receptor attracted much
interest is that benzodiazepines are among the most
highly prescribed drugs due to their pharmacological
actions in relieving anxiety mediated through modulat-
ing the activity of GABA receptors in the central
nervous system. Reviews on the biochemistry and
pharmacology of the PBR were recently published
(22, 23].

Two important observations indicated that PBRs are
likely to play a role in steroidogenesis: (1) PBRs are
found primarily on outer mitochondrial membranes
[22, 23); and (2) we and others showed that PBRs are
extremely abundant in steroidogenic cells [23]. More-
over, we reported the use of a spectrum of ligands
which bind to PBR and demonstrated that these drugs,
via binding to PBR, stimulate steroid biosynthesis in
several adrenocortical and Leydig cell systems [24, 25].
This effect was not additive to the stimulation by
hormones and cAMP [26]. Moreover, we demonstrated
that PBR ligands stimulated pregnenolone biosynthesis
by isolated mitochondria, in a dose-dependent manner.
This effect was not observed with mitoplasts (mito-
chondria devoid of the outer membrane). In sub-
sequent studies we verified that PBR did not act by
directly stimulating P450scc [25]. Similar results were
also obtained using bovine and rat adrenocortical cells
as well as purified rat Leydig cells and brain glial cells
[24-27]. In these studies we concluded that PBRs are
implicated in the acute stimulation of adrenocortical
and Leydig cell steroidogenesis possibly by mediating
the entry, distribution and/or availability of cholesterol
within mitochondria. More recently, we provided
evidence that PBR ligand-induced stimulation of preg-
nenolone formation was due to PBR-mediated trans-
location of cholesterol from the outer to the inner
mitochondrial membrane [26]. Studies by different
laboratories confirmed these observations [17, 28] and
extended them to placental [29] and ovarian granulosa
cells [30].

In contrast to these observations, high micromolar
concentrations of benzodiazepines were found to in-
hibit aldosterone and ACTH-induced corticosterone
synthesis by adrenal cells [31,32]. Examining the
effects of benzodiazepine PBR ligands on steroidogen-
esis we have to consider the high affinity, low nanomo-
lar, form of the receptor. Thus, these inhibitory effects
may not involve PBR and may represent pharmacologic
effects. Indeed, in recent studies, it was found that the
inhibitory effect of high concentrations of benzo-
diazepines was due to the inhibition of microsomal
hydroxylases [33] and calcium channels [34]. In ad-
dition, when low concentrations of benzodiazepines
close to the affinity of PBR were used, the same
authors observed stimulation of both aldosterone and
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corticosterone synthesis [35]. Thus, consensus is now
evident in that a common PBR pathway is functionally
linked to steroidogenesis in all steroid synthesizing
tissues.

As discussed above, we have shown that PBR medi-
ates cholesterol translocation in mitochondria which
accounts for the stimulation of steroidogenesis by PBR
ligands in cells and isolated mitochondria {17, 24-30].
However, it was still unclear whether PBRs partici-
pated in hormone-stimulated steroidogenesis directly
or indirectly. We then reported that flunitrazepam, a
benzodiazepine, which binds to PBR with high
nanomolar affinity, inhibited hormone- and cAMP-
stimulated steroidogenesis [36]. Scatchard analysis re-
vealed a single class of binding sites for flunitrazepam
which was verified as being PBR by displacement
studies using a series of PBR ligands. Furthermore, this
drug caused an inhibition in pregnenolone formation
in isolated mitochondrial preparations which was
determined to result from a reduction of cholesterol
transport to inner mitochondrial membranes. These
observations provided evidence that the antagonistic
action of flunitrazepam on hormone-stimulated
steroidogenesis is mediated through its interaction with
PBR. This conclusion therefore implies that hormone-
induced steroidogenesis involves, at least in part, the
participation of PBR.

In a more recent study we examined whether PBR is
the site of hormone action {37]. Within 15s of the
addition of hCG to MA-10 Leydig cells a 3-fold,
cAMP-dependent, increase of PBR binding was ob-
served. This rapid increase returned to basal levels
within 60 s. Scatchard analysis revealed that in addition
to the known high affinity (5.0 nM) benzodiazepine
binding site, a second higher affinity (0.2 nM), hor-
mone-induced, benzodiazepine binding site appeared.
We then examined whether steroid synthesis could be
detected in a similar time frame. MA-10 cells were
incubated for 15 s with aminoglutethimide, an inhibitor
of cholesterol metabolism, together with hCG. Mito-
chondria were isolated from these cells and after incu-
bation in aminoglutethimide-free buffer an increase in
the rate of pregnenolone formation was observed.
Addition of a selective inhibitor of cAMP-dependent
protein kinase (PKA) blocked not only the hormone-
induced PBR binding but also steroid formation.
Furthermore, addition of flunitrazepam completely
abolished the hCG-induced rapid stimulation of steroid
synthesis. These results demonstrate that, in Leydig
cells, the most rapid effect described thus far of hCG
and cAMP, is the transient induction of a higher affinity
benzodiazepine binding site which occurs concomi-
tantly with an increase in the rate of steroid formation.
This, in turn, suggests that these hormones alter PBR
to activate cholesterol delivery to the inner mitochon-
drial membrane and subsequent steroid formation.

We also examined the characteristics of PBR in the
R2C constitutive steroid producing Leydig cell line
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[21]. Radioligand binding assays on intact cells revealed
the presence of a single class of PBR binding sites with
an affinity 10-times higher (K, =0.5nM) than that
displayed by the MA-10 PBR (K= 5nM). Photo-
labeling of R2C and MA-10 cell mitochondria with a
photoactivatable PBR ligand showed that the
18,000 My PBR protein was specifically labeled. This
indicates that the R2C cells express a PBR protein
which has properties similar to the MA-10 PBR.
Moreover, a PBR synthetic ligand was able to increase
steroid production in isolated mitochondria from R2C
cells which express the 5 nM affinity receptor. Interest-
ingly, mitochondrial PBR binding was increased by
6-fold upon addition of the post-mitochondrial frac-
tion, suggesting that a cytosolic factor modulates the
binding properties of PBR in R2C cells and 1s respon-
sible for the 0.5 nM affinity receptor seen in intact cells.
In conclusion, these data demonstrate that ligand bind-
ing to the mitochondrial higher affinity PBR is involved
in maintaining R2C constitutive steroidogenesis.

The state of phosphorylation of PBR in vitro and in
situ was then examined as a possible mechanism of
modulation of PBR by hormones [38]. Analysis of the
amino acid sequence of the rat [39] and MA-10 [40]
PBR, revealed the presence of several putative phos-
phorylation motifs for cAMP-, Ca**/calmodulin-, and
Ca’" /phospholipid-dependent protein kinases. Inter-
estingly, these kinases have been shown to be involved
in the regulation of steroidogenesis. In rat and bovine
adrenal mitochondrial preparations PKA, but not other
purified protein kinases, was found to phosphorylate
the 18,000 PBR protein. In order to examine the in situ
phosphorylation of the 18,000 PBR protein we used
digitonin-permeabilized Leydig cells and [t-**P]ATP.
Under these conditions the phosphorylation of the
18,000 PBR protein was stimulated by cAMP [38].
Thus, these data suggested that PBR is an i vitro and
in sttu substrate of PKA. However, cloning of the
human 18,000 My PBR protein [41, 42] predicted an
amino acid sequence missing the phosphorylation
motif identified in the rat, mouse, and bovine sequence,
thus suggesting that phosphorylation of the 18,000
PBR protein may not be an ubiquitous mechanism of
regulation of PBR function.

Considering the above findings on the role of PBR in
the regulation of steroidogenesis we proceeded to better
characterize the structure of the mitochondrial Leydig
cell PBR. PBR was identified and characterized orig-
inally by its high affinity for two distinct classes of
compounds, the benzodiazepines and the isoquinolines
[22, 23]. An 18,000 My isoquinoline binding protein
has been identified as PBR [22, 23]. We isolated and
sequenced a 626 bp cDNA, specifying an open reading
frame of 169 amino acid residues with a predicted My
of 18,843, from MA-10 Leydig cells [40]. Expression of
PBR ¢cDNA in mammalian cells resulted in an increase
in the density of both benzodiazepine and isoquinoline
binding sites. In order to examine whether the
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increased drug binding is due to the 18,000 My, PBR
protein alone or to other constitutively expressed com-
ponents of the receptor, an n vitro system was devel-
oped using recombinant PBR protein [40]. Isolated
maltose binding protein (MBP)-PBR recombinant
fusion protein incorporated into liposomes, but not
MBP alone, was able to bind isoquinolines but not
benzodiazepines. Addition of MA-10 mitochondrial
extracts in the liposomes resulted in the restoration of
benzodiazepine binding. The protein responsible for
this effect was then purified and identified as the
34,000 My, voltage-dependent anion channel (VDAC)
protein, which by itself does not express any drug
binding. In addition to these findings, the observation
that the 18,000 PBR is structurally [43] associated with
the 34,000 My, VDAC provides strong evidence that
PBR is not a single protein receptor but a multimeric
complex where the isoquinoline binding site is on the
18,000 My, subunit and expression of the benzo-
diazepine binding site requires both the 18,000 and the
34,000 M, VDAC subunits.

Native MA-10 mouse Leydig tumor cell mitochon-
drial preparations were then examined by transmission
electron and atomic force microscopic procedures in
order to investigate the topography and organization of
PBR. Mitochondria were immunolabeled with an anti-
PBR antiserum coupled to gold-labeled secondary anti-
bodies. Results obtained indicate that the 18,000 My,
PBR protein is organized in clusters of 4—-6 molecules
[44]. Moreover, in many occasions, the inter-relation-
ship among the PBR molecules was found to favor the
formation of a single pore. Since the 18,000 My PBR
protein is functionally associated with the pore forming
34,000 My, VDAC, which is preferentially located in
the contact sites of the two mitochondrial membranes,
these results suggest that the mitochondrial PBR com-
plex may function as a pore. Thus, cholesterol and
molecules of My, < 6000 [45], could be translocated via
the pores formed by PBR/VDAC to the inner mito-
chondrial membrane where cholesterol will be metab-
olized by the P450scc enzyme to pregnenolone.
Interestingly, a three dimensional model of the mito-
chondrial PBR was recently developed using molecular
dynamics simulations [46]. According to this model the
five transmembrane domains of PBR were modeled as
five a-helices which span one phospholipid bilayer of
the outer mitochondrial membrane. This receptor
model was then tested as a cholesterol carrier and it was
shown that indeed PBR can accommodate a cholesterol
molecule and function as a channel [46]. These authors
suggested that the receptor’s function is to carry
cholesterol molecules from the outer lipid monolayer to
the inner lipid monolayer of the outer membrane thus
acting as “‘shield” hiding the cholesterol from the
hydrophobic membrane inner medium. Considering
the PBR/VDAC association at the level of the contact
sites, this cholesterol movement could end in the inner
mitochondrial membrane. Thus, this theoretical model
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further supports our experimental data on the role of
PBR in the intramitochondrial cholesterol transport. In
addition, our findings on the topography of the recep-
tor suggest that the native receptor is a multimeric
complex approximating 140,000 My, composed of an
average of five 18,000 PBR subunits, one 34,000 VDAC
subunit, and associated lipids. This value is close to
that reported for the digitonin solubilized, photo-
labeled PBR migrating as a 170,000 apparent My
protein on gel filtration columns [23].

THE DBI-PBR INTERACTION

All these results taken together identify PBR and
DBI as common elements of the steroidogenic machin-
ery in all steroidogenic tissues, in all species examined.
However, direct evidence on the interaction of DBI
with PBR was still lacking. In order to address this gap
we took three distinct experimental approaches to
identify DBI as the endogenous ligand of PBR: (i)
radioligand displacement studies; (ii) competitive
studies with funitrazepam; and (iii) chemical cross-
linking studies.

Binding of DBI to PBR was initially determined by
examining its ability to displace high affinity radio-
labeled PBR drug ligands [7, 10, 12, 14]. Typical com-
petition studies for specific binding of radiolabeled
benzodiazepines indicated that DBI displaced benzo-
diazepines with an inhibitory constant of 1-2 yM. In
subsequent studies we analyzed the binding of DBI to
PBR by performing similar experiments under con-
ditions identical to those used to study DBI effects on
mitochondrial steroid synthesis. We found that the
inhibitory constant of DBI for PBR binding inhibition
was 100 nM, a value that correlates well with the EC,,
of DBI for mitochondrial steroid biosynthesis induc-
tion [27]. In addition, the stimulatory effect of DBI on
mitochondrial pregnenolone formation was specifically
blocked by flunitrazepam, the benzodiazepine PBR
ligand shown to inhibit hormone-stimulated steroido-
genesis [16].

To further demonstrate that DBI specifically binds
to PBR, we performed crosslinking studies on Leydig
cell mitochondria [21]. Initial studies using DBI radio-
labeled in vitro with '**1 failed because '*I-DBI was
found to be inactive. Thus, we prepared metabolically
labeled bioactive [¥*S]DBI [21]. Two protein com-
plexes were specifically labeled with [**S]DBI in R2C
Leydig cells [21] as well as in MA-10 Leydig and Y-1
adrenocortical cells (unpublished). A protein complex
with an apparent My, of 27,000 was recognized by an
antiserum against PBR, suggesting that the 10,000 My,
DBI formed a specific complex with the 18,000 My,
PBR protein. A second complex, migrating at
65,000 My,, with an unidentified 55,000 My, protein
crosslinked to radiolabeled 10,000 My, DBI was
also formed. The role of this 55,000 My protein in
the DBI-PBR-mediated activation of mitochondrial
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steroid synthesis should also be considered as well as
the possibility that the 55,000 My, protein could be a
PBR trimer or a dimer of the 27,000 My complex not
recognized by the antisera used.

In conclusion, the observations that PBR drug lig-
ands and DBI bind to PBR, stimulate mitochondrial
pregnenolone formation, and can be crosslinked to the
18,000 My PBR protein demonstrate the functional
significance of DBI-PBR interaction in the stimulation
of intramitochondrial cholesterol transport and
subsequent steroid formation.

30,000 My, DBI-IMMUNOREACTIVE
PROTEIN AND STEROIDOGENESIS

As noted above, PBR drug ligands did not have any
direct effect on P450scc activity when examined in
mitoplasts [25]. However, when preparations of
adrenocortical mitochondrial inner membranes were
incubated with DBI, a simulation of the production of
pregnenolone was observed. Evidence has been already
discussed which indicates that the outer mitochondrial
membrane PBR mediates the effects of PBR ligands
and DBI on intact mitochondria. However, the obser-
vation that DBI stimulates pregnenolone production
by inner mitochondrial membranes implies that this
protein can also act via an additional PBR-independent
mechanism. Further evidence which indicates the DBI
acts directly on the steroidogenic enzyme P450scc was
then provided by observations in an in vitro reconsti-
tuted P450scc enzyme system [18, 19]. In this system,
purified P450scc enzyme, appropriate electron donors
and electron transport proteins were incubated with a
source of exogenous cholesterol in the presence or
absence of DBI and the benzodiazepine Ro05-4864.
Only DBI stimulated the production of pregnenolone.
When considered together, these data suggest that the
non-PBR mechanism involved in steroidogenesis may
involve direct activation of P450scc or alternatively an
indirect mechanism which may act via increasing the
availability of cholesterol or by altering the rate of
reduction of P450scc.

These possibilities were investigated further by ex-
amining the effect of DBI on the substrate-induced
difference spectrum for P450scc (unpublished). This
technique exploits a property common to all the cyto-
chrome P450 enzymes whereby the Soret peak
(420 nm) shifts to a different absorbance maxima
(around 390 nm) when substrate is bound to the active
site. The property is a characteristic of the heme moiety
of the P450s and indicates a shift from the low spin
state to the high spin state of the heme iron [47]. The
shift can be measured spectrophotometrically and the
difference in absorbance maxima is directly pro-
portional to the proportion of molecules of P450 with
substrate bound to the active site [48].

When cholesterol is added to a solution containing
purified P450scc and no electron carriers, a shift in the
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Soret pcak is observed. The magnitude of the shift
increases with concentrations of added cholesterol as
previously reported [49, 50]. However, we found that
for a fixed concentration of cholesterol, addition of DBI
causes a further increase in the amplitude of the
difference spectrum. This increase is also dependent on
the concentration of DBI added over the range
0.5-8 nM. Furthermore, when we measured the rate
of reduction of P450 with electron carriers and
electron donors present, we found it to be 509, greater
in the presence of DBI compared to that found in the
presence of substrate alone (unpublished).

Since the effect on the substrate induced difference
spectrum occurs in the absence of both electron carriers
and electron donors, it appears that this effect is caused
by direct interaction of DBI with the P450scc enzyme.
Furthermore, as the magnitude of the Soret peak shift
i1s proportional to the proportion of P450 molecules
with substrate bound at the active site, we must con-
clude that DBI increases the loading of substrate
(cholesterol) into the P450scc active site.

In an attempt to identify a mechanism by which DBI
may be active in the regulation of P450scc activity, we
examined the distribution of DBI within the mitochon-
dria. Using anti-DBI antibodies we identified the
10,000 My, DBI in the outer mitochondrial membranes
of adrenocortical cells but not in the inner membranes
[S1]. However, in inner mitochondrial membrane prep-
arations, we did observe a 30,000 My DBI-immuno-
reactive protein of 6.8 isoelectric point. Attempts to
solubilize this protein indicated that it is deeply embed-
ded within the inner mitochondrial membrane. More-
over, when adrenocortical cells were treated with
ACTH for 30 min prior to the preparation of mito-
chondria, the levels of this 30,000 My, protein within
the inner mitochondrial membrane were reduced by
approx. 709, [51]. Due to the immunological homology
of this protein with DBI, it is tempting to speculate that
the 30,000 My DBI-related peptide may be a higher
molecular weight form of DBI which is processed
by a hormone-dependent mechanism to release DBI
directly at the inner mitochondrial membrane.

PROPOSED MODEL

These data together suggest that PBR are involved in
the transport of cholesterol from the cytoplasm to
within the mitochondria. This activity is stimulated by
hormones directly via modulation of the PBR affinity
which may also lead to the rapid formation of contact
sites between the outer and inner mitochondrial mem-
branes. The endogenous PBR ligand, DBI, which is
continuously present around the mitochondria [52],
will now bind to PBR and cholesterol will be trans-
ported from the outer to the inner membrane within
the contact sites. On the mitochondrial membrane
contact site formation we should also consider here the
role of DBI as an acyl-CoA binding protein [10]. DBI
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Fig. 1. Schematic representation of the role of DBI and PBR in steroid biosynthesis. Polypeptide hormones
interact with a cell surface receptor stimulating cAMP production. Activation of the cAMP-dependent protein
kinase results in the liberation of free cholesterol from different intracellular stores. This cholesterol is then
transported to the mitochondrion and is incorporated into the outer mitochondrial membrane. PBR plays a
role in the incorporation of the cholesterol in the outer membrane and mediates the rate-limiting step in
steroid biosynthesis which is transport of cholesterol from outer to inner mitochondrial membranes. This
process is activated by the binding of the cytroplasmic DBI to PBR and it may occur at the mitochondrial
membrane contact sites. Once associated with the inner mitochondrial membrane cholesterol is accessible to
the P450scc. The inner mitochondrial membrane 30,000 My, DBI-immunoreactive protein (iDBI) is then
released (proteolysed?) in response to hormoncs and it increases loading of cholesterol to the P450scc,
resulting in high levels of pregnenolone formation.

was recently shown to mediate intermembrane trans-
port of long-chain acyl-CoA esters [53] and fatty
acylation has been proposed as a mechanism employved
in transport processes that require fusion of lipid
bilayers [54]. Hence, a further activity of DBI may yet
prove to be the “priming” of the mitochondria for
steroidogenesis by formation of additional contact sites.

The data obtained with the constitutive steroid-
producing R2C Leydig cells, which contained only the
higher affinity benzodiazepine binding site along with
DBI, further supports the proposed model. Thus, the
result of such PBR-mediated action would be to
increase the amount of substrate, cholesterol, available
to P450scc.

If the 30,000 My DBI immunoreactive protein
responds to ACTH by releasing a DBI fragment,
within or near the inner mitochondrial membrane, the
P450scc enzyme may be “primed” to take advantage of
the increased availability of steroidogenic substrate and
catalyze its conversion to pregnenolone at a greater
rate. This may also explain why we and others see only

2-3-fold increase in steroidogenesis by isolated mito-
chondria, since no in vitre system will ever stimulate
both mechanisms simultaneously. However, in vivo the
stimulation will be amplified by the generation of DBI,
from the 30,000 My, precursor, which increases loading
of cholesterol to the P450scc. A schematic represen-
tation of this model is shown in Fig. 1.

This proposed model does not exclude the presence
of additional mechanisms involved in the process of
steroidogenesis [55-58]. It is possible that the hor-
mone-induced increase in PBR binding and increase in
contact site formation triggers and/or represents the
first in a series of events which will sustain steroid
synthesis for many hours, e.g. translocation of the
28,000 My protein, shown to parallel steroid synthesis
[57,58], from the cytoplasm to the mitochondrion.
Better understanding of the relationship between all
components involved in the regulation of cholesterol
transport should unveil the molecular mechanism(s)
mediating hormonal ‘“‘acute” stimulation of steroido-
genesis.
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