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Abstract

Dehydroepiandrosterone sulfate (DHEAS) is the most abundant circulating steroid in human, with the highest
concentrations between age 20 and 30, but displaying a significant decrease with age. Many beneficial functions are
ascribed to DHEAS. Nevertheless, long-term studies are very scarce concerning the intake of DHEAS over several years, and
molecular investigations on DHEAS action are missing so far. In this study, the role of DHEAS on the first and rate-limiting
step of steroid hormone biosynthesis was analyzed in a reconstituted in vitro system, consisting of purified CYP11A1,
adrenodoxin and adrenodoxin reductase. DHEAS enhances the conversion of cholesterol by 26%. Detailed analyses of the
mechanism of DHEAS action revealed increased binding affinity of cholesterol to CYP11A1 and enforced interaction with
the electron transfer partner, adrenodoxin. Difference spectroscopy showed Kd-values of 4062.7 mM and 24.860.5 mM for
CYP11A1 and cholesterol without and with addition of DHEAS, respectively. To determine the Kd-value for CYP11A1 and
adrenodoxin, surface plasmon resonance measurements were performed, demonstrating a Kd-value of 3.060.35 nM (with
cholesterol) and of 2.460.05 nM when cholesterol and DHEAS were added. Kinetic experiments showed a lower Km and a
higher kcat value for CYP11A1 in the presence of DHEAS leading to an increase of the catalytic efficiency by 75%. These
findings indicate that DHEAS affects steroid hormone biosynthesis on a molecular level resulting in an increased formation
of pregnenolone.
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Introduction

In mammalian organisms, steroid hormones are indispensable

for a normal development. Considering their action, these steroids

are classified into three main groups. Mineralocorticoids, with

aldosterone as the most important representative, regulate the salt

household and hence the blood pressure. Cortisol belongs to the

glucocorticoids and provides the organism with energy stimulating

the gluconeogenesis. Finally, the sexual hormones, with androgens

and estrogens, are fundamental for the formation of the sexual

characteristics and the estrous cycle. Biosynthesis of all steroid

hormones (Fig. 1) is initiated by CYP11A1 with the side chain

cleavage of cholesterol yielding pregnenolone [1,2]. This rate-

limiting step of the steroid hormone biosynthesis is carried out in

the inner mitochondrial membrane and displays three hydroxyl-

ation reactions. In the first step, carbon C22 of cholesterol is

hydroxylated followed by an oxidative attack at C20, forming the

intermediate 20,22-dihdroxycholesterol. The cleavage of the side

chain of cholesterol is initiated by a third hydroxylation. The

electrons necessary oxygen activation and substrate hydroxylation

are transferred from NAD(P)H via a NAD(P)H-depending

ferredoxin reductase, adrenodoxin reductase, and a ferredoxin,

adrenodoxin [3]. The product pregnenolone serves as precursor

for mineralocorticoids, glucocorticoids, as well as DHEA and its

derived sexual hormones.

To induce their biological activities, according to recent

hypothesis steroid hormones have to be available in an unconju-

gated form to interact with their corresponding receptors.

Conjugated steroids with sulfate groups have been regarded for

a long time to be exclusively designated for excretion [4], although

many mammalian species produce, predominantly during preg-

nancy, huge amounts of sulfonated steroids [5–7]. Besides their

function as an inactive reservoir for steroid hormones [8], their

physiological role still needs to be elucidated. So far cholesterol

sulfate (CS) represents the only sulfonated steroid, which is rather

well investigated: as a compound of cell membranes CS possesses a

stabilizing role, CS is involved in regulating the activity of serine

proteases and it is important for keratinocyte differentiation [9].

Moreover, Tuckey could demonstrate the ability of CYP11A1 to

metabolize CS yielding pregnenolone sulfate [10], which can enter

the ‘‘sulfatase pathway’’ or be metabolized to further sulfonated

steroids [11]. In addition, CS was shown to have an inhibitory

effect on the CYP11A1 dependent side chain cleavage of

cholesterol [12,13]. These findings show the direct involvement

of sulfonated steroids in the steroid hormone biosynthesis and

since the discovery of the co-localization of estrogen receptors,

steroid sulfatases and estrogen sulfotransferases in the same tissue

[14], new hypotheses on the role of sulfonated steroids and a

system that controls the availability of free steroids arose.

However, detailed investigations about the interplay between

steroid biosynthesis and steroid conjugation are missing so far.

In contrast to unconjugated steroids, sulfonated steroids need to

be actively transported through cell membranes. Sodium depen-
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dent organic anion transporters (SOAT) were found to possess a

high sensitivity towards sulfonated steroids [15], although it has

not been investigated so far whether these transporters are

localized in mitochondrial membranes allowing sulfonated steroids

to enter. On the other hand, sulfonated cholesterol has been found

to be an endogenous compound of mitochondria in rats [16] and

to be converted by CYP11A1 in isolated mitochondria [10]. This

suggests that sulfonated steroids are able to pass the mitochondrial

membranes and thus have direct contact with CYP11A1.

We focused here on the impact of sulfonated DHEA on

CYP11A1 activity, as this steroid is the predominant circulating

one in humans [17,18]. The naturally occurring concentrations of

DHEAS and DHEA have been determined to be around 10 mM
and 10 nM, respectively, in young adults [19]. Moreover, the

DHEAS level is increased in some adrenocortical disorders: people

suffering from Cushing’s syndrome due to adrenal hyperplasia

display very high levels of serum DHEAS [20]. Furthermore, in

Western countries, dietary supplements reach a major significance

in nutrition, especially when anti-aging effects are ascribed to

them. One very popular dietary supplement is DHEA or DHEAS,

to which multiple beneficial implications, such as anti-diabetic

effect, prevention of osteoporosis, anti-obesity action, prevention

of atherosclerosis, anti-carcinogenic action and anti-aging effects

are attributed [21]. Normally, 50 mg per day are administrated

[22], but also up to 200 mg per day were reported to be taken

[23]. However, the direct action of DHEAS on the steroid

hormone biosynthesis has not been studied so far and remains an

enigma.

Therefore, in this study, the influence of DHEAS on reactions

catalyzed by CYP11A1 is investigated on a molecular level in a

reconstituted in vitro system. It could be demonstrated that DHEAS

but not DHEA increases the CYP11A1-dependent pregnenolone

formation caused by improved cholesterol and redox partner

binding.

Experimental Procedure

Protein expression and purification
Heterologous expression of bovine adrenodoxin reductase

(AdR) and bovine adrenodoxin (Adx) was performed and the

proteins were purified as previously described [24,25]. Recombi-

nant CYP11A1 was expressed in E. coli C43(DE3) cells, which

were co- transformed with a plasmid encoding for groEL/groES

chaperones [26].

The subsequent CYP11A1 expression was performed as

described elsewhere [27]. The obtained cell pellet was suspended

in 5 ml/g wet mass buffer, consisting of 50 mM potassium

phosphate, pH 7.4, 500 mM sodium acetate, 20% glycerol, 1.5%

sodium cholate, 1.5% Tween20, 0.1 mM EDTA, 0.1 mM DTT,

0.1 mM PMSF and 10 mM cholesterol. The disruption of the

cells was carried out by sonication for 15 min with 15 s intervals,

utilizing Bandelin Sonoplus with the sonotrode TT13 (Bandelin

electronic, Berlin; Germany) at an amplitude of 15 Hz in an ice

water bath under uninterrupted stirring. To remove cell derbis

and unsoluble proteins, the homogenate was centrifuged at

30000 rpm (Himac CP75b, rotor P45, Hitachi, Tokio; Japan) for

30 min at 4uC. The supernatant was applied to an IMAC Ni-

NTA column, equilibrated with buffer A, containing 50 mM

potassium phosphate, pH 7.4, 500 mM sodium acetate, 20%

glycerol, 1% sodium cholate, 1% Tween 20, 0.1 mM EDTA,

0.1 mM DTT, 0.1 mM PMSF and 10 mM cholesterol. Unspe-

cific binding of proteins were removed using a washing buffer

similar to buffer A, but with additional 40 mM imidazole.

Elution of CYP11A1 was performed with buffer A and 200 mM

imidazole. As the presence of imidazole in buffers changes the

pH, acetic acid was used for readjustment to pH 7.4. Afterwards,

the eluate was concentrated to a final volume of 5 ml by

centricons with a size exclusion of 30 kDa. The eluate was

diluted 1:3 with buffer B (20% glycerol, 0.1 mM EDTA, 0.1 mM

DTT and 10 mM cholesterol) and loaded onto an ion exchange

SP- sepharose column, which was equilibrated with buffer C

(20 mM potassium phosphate, pH 7.4, 20% glycerol, 10 mM

imidazole, 0.1 mM EDTA, 0.1 mM DTT, 0.1 mM PMSF and

10 mM cholesterol). Weakly bound proteins were removed with a

washing step using buffer C. Then CYP11A1 was eluted with 0–

150 mM NaCl gradient in buffer C. The red fractions containing

CYP11A1 were concentrated and diluted several times utilizing a

centrifugal device to substitute the buffer C with buffer D

(50 mM potassium phosphate, pH 7.4, 20% glycerol, 0.1 mM

EDTA, 0.1 mM dithiothreitol, 1% sodiumcholate, 0.05% Tween

20).

Figure 1. Schematic overview of the steroid hormone biosynthesis.
doi:10.1371/journal.pone.0089727.g001
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UV/Vis spectroscopy
The protein concentration of the redox partners were deter-

mined using e450 = 11.3 (mM cm)21 for AdR and e414 = 9.8 (mM

cm)21 for Adx [28,29]. CYP11A1 concentration was defined,

performing a reduced carbon-monoxide difference spectroscopy

according to Omura and Sato [30] with e448 = 91 (mM cm)21.

Binding of cholesterol was investigated using difference spectros-

copy, which was carried out in tandem cuvettes according to

Schenkman [31]. The tandem cuvettes consist of two chambers.

The first chamber of the cuvette was filled with buffer and 2 mM of

CYP11A1, whereas to the second chamber only buffer was added.

For reference, a second tandem cuvette was used, which was filled

equally. To the first chamber of the cuvette increasing amounts of

cholesterol were added with or without 5-fold excess of DHEAS.

The same amount of these compounds was added to the second

chamber of the reference cuvette. Cholesterol, as well as DHEAS,

were dissolved in DMSO. The buffer utilized was composed of

50 mM potassium phosphate (pH 7.4), 20% glycerol, 0.5%

sodium cholate and 0.05% Tween 20. Difference spectra were

recorded from 370 to 450 nm. To determine the dissociation

constant (Kd), the values from five titrations were averaged and the

resulting plots were fitted with hyperbolic regression.

Enzyme activity assay
In vitro substrate conversion assays were performed as described

elsewhere [32] with slight modifications. The conversion buffer

(50 mM HEPES, pH 7.4, 0.05% Tween20) contained 1 mM
CYP11A1, 0.5 mM AdR, 20 mM Adx, 1 mM MgCl2, 5 mM

glucose-6-phosphate, 1 U glucose-6-phosphate dehydrogenase and

15 mM substrate or 15 mM substrate and 75 mM DHEA(S). After

starting the reaction with 1 mM NADPH at 37uC for 7 min, the

conversion was stopped in a boiling water bath for 5 min.

Cholesterol and the resulting product pregnenolone had to be

converted to the corresponding 3-one-4-en form by cholesterol

oxidase, to be detectable at 240 nm during HPLC analysis.

Therefore, cholesterol oxidase was added to the boiled reaction

mixture and incubated for 40 min at 37uC according to Yamato

[33]. Cortisol was added as internal standard. The reaction was

stopped by adding 1 reaction volume ethylacetate. Extraction of

steroids was performed twice with ethylacetate and the ethylace-

tate phase was evaporated. The steroids were resuspended in 20%

acetonitrile for subsequent HPLC analysis. Km and kcat values

were determined by plotting the substrate conversion velocities

versus the corresponding substrate concentrations and by using

Michaelis–Menten kinetics (hyperbolic fit) utilizing the program

OriginPro 8.6G.

HPLC analysis
Steroids were separated on a Jasco reversed phase HPLC

system LC2000 using a 4.6 mm6125 mm NucleoDur C18 Isis

Reversed Phase column (Macherey-Nagel) with an acetonitril/

water gradient and a flow rate gradient of 1 ml/min –2 ml/min.

Detection of the steroids was performed at 240 nm within 25 min

at 40uC.

Optical biosensor measurements
The interaction of Adx and CYP11A1, was assayed with a

Biacore3000 system as described previously [27]. The formation of

Figure 2. A) SDS-Polyacrylamid gel electrophoresis. Lane 1: protein marker IV (peqlab), lane 2: CYP11A1 after Ni-NTA purification, lane 3:
CYP11A1 after Ni-NTA and Sp-sepharose purification. B) Absolute spectrum of purified CYP11A1 in the range of 260–700 nm.
doi:10.1371/journal.pone.0089727.g002

Figure 3. Kinetics of CYP11A1. Determination of kinetic parameters
for the conversion of cholesterol to pregnenolone catalyzed by
CYP11A1 using Adx and AdR as redox partners. The product formation
analyzed by HPLC is represented as mean 6 standard deviation of four
individual experiments.
doi:10.1371/journal.pone.0089727.g003
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the CYP11A1-Adx complex was analyzed under three different

conditions: in absence of cholesterol, in the presence of cholesterol

(CYP11A1concentration: cholesterol concentration, 1:10) and in

the presence of cholesterol and DHEAS (CYP11A1 concentration:

cholesterol concentration: DHEAS concentration, 1:10:50).

CYP11A1 was injected in concentrations between 5 nM and

7.5 nM in HBS-EP buffer at least three times for each

concentration. Removal of bound CYP11A1 utilizing 2 mM

NaOH was done as described elsewhere [34]. Biaeval 4.1 software

was used for determination of Kd values.

Statistical evaluation- To determine the distribution of the samples

Kolmogorov-Smirnov-test was used. To determine statistically

significant differences between control samples and samples

incubated with DHEA or DHEAS, Mann-Whitney U-test was

applied. One asterisk symbolizes p,0.05, and two asterisks p,0.01.

Results

Optimization of the expression of CYP11A1 in E. coli
The heterologous expression of CYP11A1 in E coli has been

reported to be in the range between 45–55 nmol l21 culture

[27,36], which is rather low. Harnastai et al. were able to enhance

recombinant CYP11A1 expression up to 430 nmol l21 culture co-

expressing HemA [37]. In order to further improve the expression

level of CYP11A1 we utilized the C43DE3 E. coli strain as

expression host, which was shown to be adequate for other

membrane-bound P450s, as previous results demonstrated

[32,34,35]. The expressed His-tagged protein was purified by

IMAC Ni-NTA followed by an ion exchange SP-sepharose. The

purity of the enzyme was determined via SDS gelelectrophoresis

(Fig. 2a), in which a single band at 55 kDa was obtained. The

enzyme shows a typical P450 CO-difference spectrum with a

major peak at 450 nm and a minor one at 420 nm (not shown).

The expression levels using E. coli strain C43DE3 achieved here

were 640 nmol per liter culture after the two purification steps,

which is a great improvement compared to the published results.

The UV/Vis spectrum classifies the expressed CYP11A1 as a low-

spin protein with the typical cytochrome P450 absorption

spectrum: the Q bands at 569 nm (a-band) and 541 nm (b-band),
the Soret band at 418 nm, the UV band at 360 nm and the

protein-band at 278 nm (Fig. 2b).

CYP11A1 dependent pregnenolone formation in the
presence of sulfonated DHEA
CYP11A1 catalyzes the first reaction step in human steroido-

genesis, the conversion of cholesterol to pregnenolone with a three

step hydroxylation preceding the side-chain cleavage between C20

and C22. In this study, we investigated the influence of sulfonated

DHEA on the CYP11A1 catalyzed reaction on a molecular level.

For detection of the product at 240 nm, pregnenolone was

transformed to progesterone by using cholesterol oxidase reaction.

The kinetic parameters of pregnenolone formation were deter-

mined to be Km=14.162.8 mM and kcat = 1.2360.08 min21

(Fig. 3). In a first series of experiments, it was checked whether

DHEAS can bind to CYP11A1 causing spectral changes of the

protein. It was shown that DHEAS up to concentrations of

500 mM did not cause any spectral changes excluding its binding

as type I or type II substrate (data not shown).

For further investigation of the DHEAS induced effect on the

first step in steroidogenesis, we studied the activity of CYP11A1-

dependent cholesterol side chain cleavage in the presence of

75 mM DHEA or DHEAS at a cholesterol concentration of

15 mM, which is around the Km value determined (Fig. 3). The

evaluation of the HPLC data is shown in Figure 4. The amount

of pregnenolone formed was 5.661.3 mM for the control

experiment without DHEAS or DHEA and 660.8 mM for the

sample incubated with a 5-fold excess of DHEA. In contrast, the

CYP11A1 dependent activity in the presence of DHEAS

significantly increased by 26% forming 7.160.4 mM pregneno-

lone.

After observing an increased product formation of the

CYP11A1 catalyzed reaction in the presence of DHEAS, it was

interesting to investigate the influence of DHEAS on the kinetics of

this reaction. As shown in Figure 5 and Table 1, in the presence of

DHEAS the Km value for cholesterol decreased while the kcat
value increased being 10.662.6 mM and 1.6260.1 min21,

respectively. This leads to a nearly two fold increase of the

catalytic efficiency of CYP11A1 in the presence of DHEAS being

87 (min21mM21) in absence and 153 (min21mM21) in the

presence of DHEAS.

Figure 4. Comparison of pregnenolone formation by CYP 11A1
in the presence of 5-fold excess of DHEA or DHEAS (n=5 for
each group, asterisk: p,0.05).
doi:10.1371/journal.pone.0089727.g004

Figure 5. Kinetics of CYP11A1. Determination of kinetic parameters
for the conversion of cholesterol to pregnenolone catalyzed by
CYP11A1 with Adx and AdR as redox partners in the presence of
DHEAS. The product formation analyzed by HPLC is represented as
mean 6 standard deviation of four individual experiments.
doi:10.1371/journal.pone.0089727.g005
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Analysis of the molecular mechanism of DHEAS action on
CYP11A1
To investigate in more detail, which reaction step is being

affected by DHEAS, we studied the binding of the substrate and

the redox partner, Adx, in absence and in the presence of

DHEAS. As shown in Figure 6, the Kd value of CYP11A1 and

cholesterol is 4062.7 mM in absence and 24.860.5 mM in the

presence of DHEAS.

This indicates that the affinity of cholesterol for CYP11A1 is

increased about 2-fold in the presence of DHEAS.

For the determination of the dissociation constant of CYP11A1

and Adx, surface plasmon resonance measurements were

conducted (Fig. 7). Binding of CYP11A1 and Adx is essential for

the correct function of the side-chain cleavage, since 6 electrons

have to be transported from NADPH via AdR and Adx to

CYP11A1. Surface plasmon resonance measurements using

CYP11A1 and Adx revealed Kd values of 3.860.55 nM, when

the interaction was measured without substrate, of 3.060.35 nM

with addition of cholesterol and of 2.460.05 nM in the presence

of cholesterol and DHEAS (Fig. 7). Comparing the interaction of

CYP11A1 and Adx in the presence of cholesterol and DHEAS

with the interaction of CYP11A1 and Adx in the presence of only

cholesterol, a decrease of the Kd value by 20% is achieved, while a

decrease of the Kd by 36% can be observed when the Kd values

without substrate and with substrate and DHEAS are compared.

As demonstrated in Table 2, changes in the interaction between

CYP11A1 and Adx by DHEAS are mainly caused by changes in

the kon values. In the presence of cholesterol DHEAS increases the

kon value for the binding of Adx to CYP11A1 by 48%, whereas the

kon value is increased by 110% compared with the sample in

absence of cholesterol. Both results display statistical significance

with p,0.01. The koff values do not differ in a statistically

significant manner.

Discussion

In human organism, 99% of DHEA circulates in its sulfonated

form, DHEAS [38]. The concentration of circulating DHEAS

reaches up to 10 mM in young adults [19] and decreases

afterwards with age with concentrations of DHEAS between 20–

30% in 70–80 year old people compared with the value of young

adults [39]. These characteristics are unique for DHEA or

DHEAS and in contrast to other steroid hormones like aldosterone

or cortisol, whose serum concentrations stay constant during life.

Hence, DHEAS is regarded as ‘‘fountain of youth’’, leading to

uncontrolled use in Western countries [38]. In the last decades a

huge number of publications concerning the effect of DHEAS on

health appeared and the results were really conflicting, reporting

about insignificant activity and even harmful effects up to life

extending properties of DHEA or DHEAS. Long-term studies

about the effect of DHEAS on health are very scarce and the

existing ones concern elderly people, where the intake of DHEA is

limited to amounts necessary to establish DHEAS concentrations

that people have in younger age. This DHEAS replacement

therapy in elderly people seems to have beneficial effects

concerning bone turnover, skin hydration and libido, increasing

the well-being of aging persons [22]. However, since DHEAS

reaches major significance as dietary supplement, this requires

further research on the effect of high DHEAS concentrations on

metabolism. So far, research was mainly focused on the effect of

DHEA and DHEAS on the production of androgens and

estrogens. The effect of DHEA or DHEAS on the whole steroid

hormone biosynthesis, especially on the enzymes involved in the

first steps is not investigated so far. The rate-limiting step of the

steroid hormone biosynthesis is realized by CYP11A1 catalyzing

the side chain cleavage of cholesterol to yield pregnenolone. Thus,

CYP11A1 represents an adequate target for regulation, on which

the effect of DHEAS was studied here in a reconstituted in vitro

system. In the presence of DHEAS, CYP11A1 displayed a 26%

increased pregnenolone formation compared to the control, while

in the presence of DHEA no significant difference from the control

Table 1. Kinetic parameters of CYP11A1, metabolizing cholesterol with or without the addition of DHEAS.

2 DHEAS + DHEAS

Km (mM) kcat (min21) kcat/Km (min21mM21) Km (mM) kcat (min21) kcat/Km (min21mM21)

0.014260.0028 1.2360.08 86.6 0.010660.0026 1.6260.11 152.8

doi:10.1371/journal.pone.0089727.t001

Figure 6. Determination of substrate affinity to CYP11A1. Kd
values of CYP11A1 for cholesterol in absence (n = 5) and in the presence
of a 5-fold excess of DHEAS (n = 5).
doi:10.1371/journal.pone.0089727.g006

Table 2. Binding parameters for CYP11A1 and Adx without
cholesterol (n = 8), with cholesterol (n = 8) and with
cholesterol and in the presence of DHEAS (n = 8) determined
from measurements with a Biacore3000 system.

2 Chol + Chol +Chol +DHEAS

kon
(M21 s21) koff (s

21)
kon
(M21 s21) koff (s

21)
kon
(M21 s21) koff (s

21)

6.461.84 2.460.99 8.960.79 2.860.09 13.262.29 3.060.14

doi:10.1371/journal.pone.0089727.t002
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could be observed. Thus, the negatively charged sulfate group of

DHEAS seems to be essential for the increase of the CYP11A1

activity. Interestingly, it was previously shown that polycationic

natural polyamines interact through electrostatic forces with

negatively charged spots at protein interfaces of the CYP11A1-

Adx system. This interaction of the positively charged polyamines

with the CYP11A1-Adx interface leads to an inhibition of the

CYP11A1 activity [40]. This indicates that the type of charge of

the compounds (DHEAS or polyamines) determines whether it

displays an activatory (DHEAS) or inhibitory (polyamines) effect

on the CYP11A1-dependent reaction, with an anionic compound

stimulating and a cationic compound inhibiting CYP11A1

activity. To examine the stimulatory effect of DHEAS at the

molecular level, we investigated the individual steps of the reaction

cycle. It was demonstrated that the binding of the CYP11A1

substrate cholesterol was improved (Fig. 5) by the presence of

DHEAS. Likewise, the interaction with the redox partner, Adx,

was promoted by DHEAS. Together with the observation that

DHEAS increases the catalytic efficiency of CYP11A1 nearly two-

fold, this indicates that improved substrate and Adx binding to

CYP11A1 cause higher activity and product formation.

Interestingly, the dissociation of the CYP11A1-Adx complex

was not influenced when DHEAS was added similar to the

situation with polyamines [40], as the similar koff values between

the samples incubated with only cholesterol and the samples

incubated with cholesterol in the presence of DHEAS showed.

This demonstrates that the interaction between CYP11A1 and

Adx is facilitated as the kon values display, probably through slight

conformational changes of CYP11A1 and/or Adx induced by the

presence of DHEAS.

As the crystal structures of CYP11A1 and of the CYP11A1-Adx

complex are available, docking studies with DHEAS were

performed to get a deeper insight concerning the structure- and

function- relationships (data not shown). In fact, several amino

groups of the CYP11A1-Adx complex seem to be able to establish

contacts to DHEAS due to its negatively charged sulfate group,

leading to various putative binding sites for DHEAS. This fact

makes it impossible to postulate a certain binding position of

DHEAS which could explain the obtained results by a reasonable

way without further experiments.

Whether the stimulatory effect of DHEAS on the CYP11A1-

system might possess physiological meaning and displays a novel

putative regulation of the steroid hormone biosynthesis on the

cellular level, needs to be investigated. It has to be mentioned, that

the concentration of DHEAS used in this work (75 mM) exceeds

the plasma concentration in humans (10 mM). However, it is not

known whether DHEAS is enriched in tissues. In addition,

elevated DHEAS concentrations up to 10-fold might occur due to

adrenocortical disorders or the additional dietary intake of DHEA

or DHEAS and do not only increase the level of steroids

designated for the production of sexual hormones, but also might

affect the steroid biosynthesis through an increased production of

pregnenolone, which represents the precursor for mineralocorti-

coids, glucocorticoids and sexual hormones. As a consequence, the

level of the end products of the steroid hormone biosynthesis might

also increase, which could cause unwanted effects on health.

Elevated production of the mineralocorticoid aldosterone leads to

increasing blood pressure while an increase in the production of

the glucocorticoid cortisol leads to Cushing’s syndrome. Thus,

besides all the beneficial effects ascribed to DHEAS, intake of high

amounts of DHEAS might cause undesired side effects.

Taken together, our results clearly demonstrate that the

catalytic efficiency of the side-chain cleavage of cholesterol can

be up-regulated by 75% in the presence of DHEAS but not

DHEA. The molecular mechanism of this increase was shown to

be due to improved binding of the substrate cholesterol and the

redox partner, Adx.
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