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Summary—The success in synthesis of [*H]5-androstene-3,17-dione, the intermediate product
in the transformation of DHEA to 4-androstenedione by 38-hydroxysteroid dehydrogenase/
5-ene —»4-ene isomerase (38-HSD) offers the opportunity to determine whether or not the two
activities reside in one active site or in two closely related active sites. The finding that
N,N-dimethyl-4-methyl-3-0x0-4-aza-5a-androstane-17f-carboxamide (4-MA) inhibits com-
petitively and specifically the dehydrogenase activity whereas a non-competitive inhibition type
with a K; value 1000 fold higher was observed for the isomerase activity, indicated that
dehydrogenase and isomerase activities belong to separate sites. Using 5a-dihydro-testosterone
and Sa-androstane-3p,17f-diol, exclusive substrates for dehydrogenase activity, it was shown
that dehydrogenase is reversible and strongly inhibited by 4-MA and that thus the irreversible
step in the transformation of DHEA to 4-androstenedione is due to the isomerase activity.
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INTRODUCTION

The enzyme complex 3f-hydroxysteroid dehy-
drogenase/5-ene—4-ene isomerase, hereafter
called 38-HSD, catalyses the oxidation/isomer-
ization of 3f-hydroxy-5-ene steroids into 3-
keto-4-ene configuration [1, 2], and thus plays a
major role in the formation of all classes of
steroid hormones, namely progesterone, miner-
alocorticoids, androgens and estrogens. Follow-
ing the purification of the 42kDa human
placental 38-HSD, and the subsequent obten-
tion of the antibodies raised in rabbits [3, 4], our
group has isolated and characterized human
placental [2], bovine ovary [5] and rat ovary [6]
cDNA clones. Recently the structure of the
human 38-HSD gene was also determined [7]. It
was localized in the pl1-pl3 band of chromo-
some 1{8]. Down-regulation of 38-HSD ex-
pression by 12-O-tetradecamoyl phorbol-13-
acetate (TPA) was observed in pig granulosa
cells [9, 10]. Immunocytochemical localization
of 38-HSD was performed in the gonads and
adrenal glands of the guinea pig[11] and rat
*[12]. In the later species, in situ hybridization
was also performed [12]. Hormonal regulation
of 38-HSD expression and activity has been
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investigated in rat ovary[13] and testis[14].
Expression of the human placental 38-HSD
c¢cDNA in mammalian cells [7] has confirmed
that the two dehydrogenase and isomerase ac-
tivities reside within a single 42 kDa protein.
However, there is still an uncertainty about
whether the two activities are included in a
unique or separate sites. Using [*H]5-andro-
stene-3,17-dione, the intermediate product in
DHEA transformation, and specific inhibitors
such as trilostane and N,N-dimethyl-4-methyl-
3-0x0-4-aza- 5« - andristane - 178 - carbox -
amide (4-MA)[15] we demonstrate that dehy-
drogenase and isomerase activities are associ-
ated with distinct sites within a single protein.

MATERIALS AND METHODS

Materials

NAD*, NAPD*, digitonin were purchased
from Sigma Chemicals Co (St Louis, MO).
Hydroxylapatite Biogel HTP was from Bio-Rad
Laboratories (Richmond, CA). [4,7-*H]preg-
nenolone, [1,2-*H]dehydroepiandrosterone were
obtained from NEN Dupont (Missisauga,
Ontario, Canada). All non-radioactive steroids
were purchased from Steraloids Ltd (Wilton,
NH). Trilostane was kindly provided by
Sterling-Winthrop Research Institute (Renslaer,
New York) and 4-MA was a gift from
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Merck Sharp & Dohme Research Laboratories
(Rahway, NIJ).

Purification of 38-HSD

3-HSD was purified to homogeneity as
judged by SDS-PAGE from human placentas
by a phenyl-Sepharose 4B-CL column followed
by double hydroxyapatite column as described
previously [4, 15].

Enzymatic assay

Purified enzyme were incubated at 37°C in
0.5 ml of 50 mM sodium phosphate buffer (pH
7.4) containing 20% glycerol, 1 mM EDTA and
1 mM NAD™ for 10 min under constant agita-
tion. Immediately after incubation, steroids
were extracted twice with 2ml of methylene
dichloride. The extract was then dried with
anhydrous sodium sulfate and evaporated
under a stream of nitrogen. The metabolites
were isolated and separated by TLC on silica gel
in the benzene-acetone (4:1) separating system.
Radioactivity was measured by a liquid scintil-
lation spectrometer.

Synthesis of [1,2-°H]5-androstene-3,17-dione

The reaction was carried out in a closed
system kept under slightly positive air atmos-
phere. 5mg of DHEA in 500 ul of ice-cold
stabilized acetone was mixed with 1mCi
[PH]DHEA (50 Ci/mmol). 5 ml of Jone’s reagent
was carefully added under inert atmosphere.
After 15 min, the reaction was terminated by
adding 3 ml of ice-cold water. After standing in
the cold room overnight, the precipitate was
filtered, washed, dried in vacuo and purified
through an LH-20 column. The purified product
showed no adsorption at 240 nm, thus indicat-
ing the absence of contamination from 4-andro-
stenedione. The melting point (125-129°C) was
identical with authentic 5-androstene-3,17-
dione. The yield was 3.5 mg (70%).

RESULTS AND DISCUSSION

The two step transformation of DHEA to
4-androstenedione via 38-HSD requires the in-
tervention of 38-hydroxysteroid dehydrogenase
and S-ene—4-ene isomerase activities and the
production of the intermediate product, 5-an-
drostene-3,17-dione:
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Fig. 1. Effect of 4-MA on the activity of purified human
placental microsomal 38-HSD. Incubation was performed
as described in Materials and Methods in the presence of
20 M of DHEA (M) or 5-androstene-3,17-dione ([J) and
the indicated inhibitors at the concentration of 10 M. The
100% activity corresponds to incubation in the presence of
substrate alone. Each value was obtained from duplicate
experiments.

Success in obtaining tritiated intermediate
allowed us to investigate differential inhibition
of dehydrogenase and isomerase activities. As
illustrated in Fig. 1, trilostane inhibits strongly
both DHEA and 5-androstene-3,17-dione trans-
formation, whereas 4-MA affects preferentially
DHEA and does not affect significantly 5-an-
drostene-3,17-dione. Dixon plot analysis shows
that trilostane is a competitive inhibitor at both
dehydrogenase and isomerase sites with K;
values of 36 and 160 nM, respectively (Fig. 2).
On the other hand, 4-MA is competitive when
DHEA is used as a substrate with a K, value of
56 nM but non-competitive when 5-androstene-
3,17-dione is used (K, value = 55 uM, 1000 fold
higher (Fig. 3).

Differential inhibitory effects of 4-MA and
trilostane thus clearly indicate that dehydrogen-
ase and isomerase active sites are distinct within
a single protein. Localization of dehydrogenase
and isomerase within a unique 42 kDa protein
has been confirmed by expression of 38-HSD
c¢DNA inserts in mammalian cells{7]. Using
DHT and S«-androstane-38,17f-diol, which are
exclusive substrates for dehydrogenase activity,
Dixon plot analysis (Fig. 4) shows that 4-MA
inhibits transformation of both substrates com-
petitively with K, values of 16 and 3.7 uM for
DHT and 5a-androstane-38,178-diol, respect-
ively. Since DHT and Se«-androstane-38,17f-
diol are interconverted by 38-HSD, the results
indicate that the dehydrogenase step is revers-
ible while the isomerase activity is irreversible.

DHEA —— 5-androstene-3,17-dione —— 4-androstenedione

dehydrogenase

isomerase



Differential inhibition of dehydrogenase and isomerase activities in 35-HSD
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Fig. 2. Dixon plot analysis of the effect of trilostane on the
transformation of DHEA (A) and 5-androstene-3,17-dione
(B) by purified human placental microsomal 38-HSD. Con-
centrations of ['HJDHEA were 100 uM (O—O) and 20 uM
(@—@®), and those of [*H]5-androstene-3,17-dione were
10 M (O—O) and 5uM (0—@).

CONCLUSION

While both dehydrogenase and isomerase
activities reside within a single protein in mam-
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Fig. 3. Dixon plot analysis of the effect of 4-MA on the
transformation of DHEA (A) and 5-androstene-3,17-dione
(B) by purified human placental microsomal 38-HSD.
PHJDHEA was used as substrate at the concentrations of
100 uM (@—@) and 20 uM (O—QO) and those of ’H}5-
androstene-3,17-dione were 20 uM (@—@) and 5uM

(O—0).
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malian tissues as evidenced by enzyme purifi-
cation from bovine ovaries {17], ovine adrenal
[18], rat testis [19] and adrenal [20] and human
placenta [3, 4] as well as by expression of human
placental 38-HSD cDNA in mammalian cells
{7], they were isolated on separate proteins from
bacterial sources [21]. Comparison between
amino acid and nucleotide sequences of bac-
terial isomerase [22] with human placental 3§-
HSD (2] did not reveal significant homology
(unpublished data). However, a common ances-
tor between human placental 35-HSD cDNA
sequence and flavonoids sequence have been
evidenced [23].

Our finding that 4-MA differentially inhibits
dehydrogenase and S-ene—4-ene isomerase ac-
tivities clearly indicates that although the two
activities reside within a single protein in mam-
malian tissues, they have separated sites. Selec-
tivity of 4-MA inhibition offered the oppor-
tunity to study the regulation of these two
activities as well as their interaction. Since 3f-
HSD did not transform 3o-steroids, we can
speculate that the binding for the dehydrogen-
ase site is near the position number 3 on the
steroid, whereas the site for the isomerase
activity binds to the flattened B or A ring.
Androstane compound which did not have a
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Fig. 4. Dixon plot analysis of the effect of 4-MA on the
transformation of DHT (A) and 5a-androstane-38, 178-diol
(B) by purified human placental microsomal 38-HSD. Incu-
bation was performed as described in Materials and Methods
inthe presence of 10 uyM(A—A), 5 uM (@—@)and 2.5 uM
(O—O) of substrate and the indicated quantity of 4-MA.
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flattened A or B ring did not bind to the
isomerase site and have higher turnover but
lower affinity (unpublished results).
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