




























The fascinating world of steroids 221

In mammalian cells naturally producing steroids, the situation is diverse. A

differential level of expression for ADX and ADR was observed for tissue producing

steroids in vivo.In bovine corpus luteum and adrenal cortex ADR is in excess, so

that ADX is readily reduced (Hanukoglu and Hanukoglu, 1986), while in human

placenta ADR is limiting, so that oxidized ADX is acting as a competitive inhibitor

of CYPl1A1 (Tuckey et al.,2O0l). CYP1lAl and CYPl181 are in excess in the

colpus luteum and adrenal cortex (Hanukoglu and Hanukoglu, 1986), and prob-

ably also in the placenta. Invitro, in a reconstituted system, the molar ratio of ADR/

ADX/CYPI1A1 can be modulated. In general, activities are measured in conditions

where CYP1 lAl concentration is limiting, varying from 50 nM to 1 pM, but not the

electron transfer capacity. It is interesting to compare molar ratio of ADR/AD)V

CYP1lAl (MA4/l\4) of in vitro reconstituted CYP11A1 assay used by different

authors: 4/16/1 (Pikul eva,2004);0.5/2/| (Usanov et al.,2002); |/l-128|L (Schiffler

et al., 2OOl); SlfiOll (Tuckey et al., 1996); 5/5-500/1 (Wada and Waterman,

1992). The latter researchers observed that increasing the adrenodoxin

concentration 100-fold has a minor but detectable change of CYPl1A1 k"", passing

from 13.8 to i9.5 min t. The three-component system is working at its maximum

when ADR is in slight excess over CYPllA1, while ADX is in vast excess over its

two partners. Recently, another factor, i.e. ionic strength, has been shown to be

capable of decreasing the catalytic efficiency (k"",/K-) of CYPl1A1 by a factor of

35.7. In order to reconstitute in vivo a viable and efficient CYP11A1 system, a

balance between substrate availability, electron transfer capacity, ionic strength,

and CYPI lAl level has to be reached. In mammalian steroid-producing cells, fine

tuning of pathway flux can be achieved by choosing the appropriate NADPH

concentration, substrate availability, the balance between ADX and ADR, CYPl lAl

expression, and the ionic strength. In a recombinant system, it remains to be seen

how the flux of electrons can affect the overall specificity and capacity of P450

reaction. However, in mammalian transfection experiments using bovine CYP1 18 1,

an excess of reducing equivalent stimulates its 1 I p-hydroxylating capacity versus

its aldosterone synthase activity (Cao and Bernhardt, 1999).

INTERACTION BETWEEN CYP11A1, CYPl1B1, AND CYPl1B2

It 1992, it was first recognized that bovine CYP1lAl could improve the bovine

CYPl181 catalytic activity towards 1l-deoxycortocisterone in a dose-dependent
fashion.

This allosteric interaction is now thought to take place in the bovine adrenal
mitochondria in order to shut off the aldosterone activity of the bovine CYPl1B1
(Kominami et a1.,199{'Imai et a1.,1998). This phenomenon was used in a biotech-
nological approach in order to improve the llp-hydroxylase activity of bovine

CYPl1B1 activity towards ll-deoxycortisol (Cauet et a1.,2001). In vivo and in

S. cerevisiae, this activity could be improved by a factor of 3 using CYP11A1 and

CYPl1B1 expressing cells. This improvement was probably due to direct

interaction between CYPl1A1 and CYP118 1 in the inner mitochondrial membrane
(Cauet et al.,20Ol). This stimulation is only observed when there is an excess of
reduced ADX, as there is an apparent competition for reducing equivalent between
CYPl1A1 and CYP1lBl in the favour of CYPl1B1, in rat mitochondria and in
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transfected mammalian cells (YamazaLj et a\., 1993; cao and Bernhardt, 1999). This
stimulation is apparently species specific, since it is not observed with human
cYPllAl and cYPl 1B1, even in the presence of saturating amounts of reducing
equivalents. The biological significance and mechanism of this stimulation remains
to be studied.

MECHAMSM OF ACTION

Earlier reports mentioned the existence of a high molecular weight complex
containing the steroidogenic enzymes in specialized cells (Shikita and Hall, 1973).
Since then, four working models for transfer of reducing equivalent from NADpH on
to P450 have been proposed: shuttle model; shuttle model with ADX dimers; the
IADR: 1 oxidized ADX, 1 reduced ADX: 1p450; the IADR: l oxidized ADX: 1p450
(Beilke et al., 2002). The difficulty of designing a reliable model resides on the facts
that ADX has the same contact sites with ADR and mitochondrial p450 (see above),
and that ADX is probably acting as a dimer (pikuleva et a1.,2000). so, a complex
containing the three proteins is rather unlikely. our own experience in yeast has
shown that a functional electron transfer takes place with mature ADR in the
endoplasmatic reticulum, soluble ADX, and a plasma membrane localized cyp I 1A I
(Duport et al., 2003). Recent reports using techniques as diverse as NMR
spectroscopy, crystallography, surface plasmon resonance, and stopped flow analy-
sis have shed a new light on this specialized electron transfer (Muller et al.,2001:
Beilke et a\.,2002; Schiffler et al.,20o4b). In the cascade ofthree reduction events
comprising reduction of ADR, then ADX, and then p450, ADR is the fastesr ro be
reduced with an apparent rate constant of 32 s I, while ADX reduction has a rate
constant of 5.4 s t. Finally, CYP1 lAl reduction with the first electron has a slow rate
constant of 1.9 s-I, and the second electron transfer has an even slower rate constant
of 0.004 s-1. These observations corroborate previous results, which indicated that
one way to improve cYP11A1 is to use an ADX mutant with a greater capacity to
transfer electrons.

Upon reduction of ADR, by NADpH, the electrons are transferred to the flavin
moiety of ADR. crystallization of the ADX/ADR complex allowed precise identifi-
cation of the contacts between the two molecules and showed that the FADH, moiety
was within a 10 A distance of the iron-sulfur moiety of ADX (Muller et at., zoot]..
This distance should permit electron transfer between the two molecules. Interest-
ingly, the k " rates forADXto ADR andforADX to cypl lAl have been measured as
4400 and 691 000, respectively, with a Ko of 90 and 13 nM as oxidized proteins,
while the k ,, rates were shown to be very low in a study by Schiffler and co-workers
(Schiffler et aL.,2004b). It is apparent that the complex between reduced ADX and
CYPI lAl is very stable, while there are conflicting reports about the stability of the
AD)UADR complex. Interestingly, these measurements are very much influenced by
the ionic strength of the medium; there is apparently an optimal salt concentration
for obtaining a maximal cYPl1A1 activiry (Schiffler et al.,2o04b). Ir is difficult to
infer how well these reconstituted systems are representing the in vivo situation of
the inner mitochondrial membrane, but these experiments have furnished a wealth of
information regarding the kinetics of electron transfer and product formation with
this three-partner complex.




















































