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The mechanmism of the isomenzation of androst-S-ene 3,17-dione by the 1somerase of bovine adrenals has been
reinvestigated using the methodology previously developed for the study of the bacterial enzyme of Pseudomonas
testosteromt However, owing to the lower activity of the mammahan enzyme, competitive non-enzymic reaction
cannot be neglected It has been shown that even in the absence of spontaneous isomenzation, epimenzation and
exchange of the label on C4 takes place in the buffer This prevents any quantitative discussion of the course of
the reaction It is however possible to conclude that the mechanism we have proposed for the bacterial enzyme,
that 1s, besides the classical 48— 68 transfer and exchange with the medum, a competitive abstraction of the 4o
proton, accounts for the data obtamed with the mammalian microsomes

Introduction

The 1somerization of A% into A*-3-ketosteroids BD ,/B/H )
(Scheme 1) by the 1somerase of Pseudomonas testo- m . W /
steront has been shown to involve a stereospecific S & F ?
448 - 68 hydrogen transfer [1-2] o

This 1somernization has also been investigated 1n / e
different animal tissues [3—7] but mn this case, the 7‘\ J“zo 10

results concerning the stereospecificity of the removal
of the protons on C4 and the occurrence of an intra-
molecular 48 ->6f hydrogen transfer are quite
conflicting

However, our recent study of the bactenal enzyme
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¢ R=H R=D Scheme 2 Remvestigated mechamism for the bactenal
Scheme 1 Isomerization of androst-5-ene 3,17-dione 1 1somerase of P testosteront {8]
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[8] has shown that the mechanism 1s indeed more
complex than described 1 addition to the classical
48 > 68 transfer and some exchange with the
medium, 1t mplies a competitive abstraction of the
4q proton (Scheme 2)

These results prompted us to remnvestigate the
mammalian enzyme catalysed 1somerization, using
the methodology developed in the study of the bac-
terial enzyme [8]

Matenals and Methods

All chemicals were of the highest purity available
2H,0 was purchased from C E A (Saclay-France) and
contamned 99 9% *H Compound 1b was synthesized
according to the method of Malhotra and Ringold
[2] and contained more than 095% 2H in the 48
position (checked by 'H-NMR [8])

The mass spectra were recorded on a AEI MS-30
spectrometer or a Varian CH-5 at 70 eV The expen-
mental error on each spectrum was assumed to be 3%
The 'H-NMR spectra were obtained with a Varian
HA-100 spectrometer at 100 MHz

The bovine adrenal microsomes were prepared
according to Geynet and coworkers [9] The enzyme
used 1in the 2H,0 assays were previously exchanged
by resuspension 1n 2H,0 buffer and centrifugation

Enzymic 1somerization 10 mg compound 1b 1n 10
m! C,HsOH were added to 350 ml 0 02 M Tns-HCl
buffer (pH 8 5)/5 mM CaCl, or MgCl, at 25°C A
1-ml aliquot was used to measure the spontaneous

TABLE I
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1somernization After addition of 1 ml microsomal
enzyme (4700 U/ml) the reaction was monitored
at 248 nm After 1 h (4,45 constant) the mixture was
extracted with ethyl acetate, washed, dried and
purnified by TLC The deuterrum content and localiza-
tion were determined as previously described [10]

10 mg compound 1a dissolved in 10 ml C,H;0*H
were added to 50 ml 0 02 M Tris-HCl/?H, O buffer
(pH 8 5)/S mM MgCl, 1 ml of exchanged enzyme
(approx 4700 U/ml) was ~hen added and the mix-
ture was treated in the usual way

Incubation of compound 1b under non-1somerizing
conditions Compound 1b was left for 1 h in Tris-HCl
buffer, then extracted with benzene and the
deuterrum stereochemistry was checked as previously
described [8]

The same experiment was carried out with nacti-
vated enzyme The mnactivation was achieved either
by heating at 70°C for 19 h or by a 200 mM solution
of the 5,10-seco estr-5-yne 3,10,17-trione [8], [11]
for 24 h

Results

It 1s not possible to compare the bacterial and
mammalian enzymes under 1dentical conditions since
the optimum pH for both reactions 1s different we
used a phosphate buffer (pH 7) for the bactenal
enzyme and a Tris-HCl buffer (pH 8 5) for the bovine
microsomes Furthermore, the reaction time 1s longer
for the mammahan enzyme due to the low activity
of the microsomal fraction

ISOMERIZATION OF 1 WITH THE BOVINE MICROSOMES AT 25°C

Substrate Medmum Total deuterium n % ot monodeuterated % of monodeuterated
the product (retamned molecules on C4 molecules on C6
or incorporated (2¢) (2b)
ib Tris-HCI/H, O
pH (8 5) 028 ?H, 19 9
1a Tns 2HCI/2H,0
(pH 8 5) 029 2H,
014 2H, * 16 13

* The dideuterated molecules are labelled on C4 and C6 (¢f Ref 22 of Ref 8)
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TABLE II

INCUBATION OF 1b UNDER NON-ISOMERIZING CONDI-
TIONS AT 25°C FOR 1 H IN TRIS-HCI1 BUFFER (pH 8 5)

Condition Deutertum Deuterium
remaining epimerised
n the
substrate

Without microsome 068 027

With the thermally

denaturated microsomes 056 027

With the microsomes

nactivated by the kcat

inhibitor 057 029

The total amount of deuterium in the conjugated
product 2 1s determined by mass spectroscopy The
amount of deutertum on C6 1s also determined by
mass spectroscopy, after reduction of the double
bond and selective exchange on C4 [8,10]

The results of the 1somenzation of androst-5-ene
3,17-dione 1 with the mammahan 1somerase are given
i Table I

The problem was then to determine 1f non-
enzymic processes contribute to this 1sotopic distr-
bution

We have already demonstiated by 'H-NMR that
compound 1b was stereospecifically deuterated in the
48 position [8] and we checked that the spontaneous
isomerization remains almost neghgible (0—6%,
depending on the run) in Tns-HC1 buffer (pH 8 5) in
lh

In our recent extensive work on the bactenal
enzyme [8] we have shown that although epimeriza-
tion and loss of deuterium may occur 1n the buffer in
the absence of 1somerization, the enzymic 1someriza-
tion 1s so fast that the competitive reactions can be
neglected It 1s however no longer possible to ignore
them 1n the case of the mammalian enzyme 30% of
the 1nitial deuterium 1s lost and 27% epimerized (the
deuterium stereochemistry on C4 of the non-
1somenzed substrate 1s checked as usual [8], after
reduction of the 3- and 17-keto groups and thio-
benzoylation of the diol followed by photolysis [12])
when compound 1b 1s incubated in the conditions
used for the enzymic reaction (Tris-HCl buffer, pH
85, for 1 h, see Table II) (The problem cannot be

solved by using the same buffer as for the bacterial
enzyme (phosphate, pH 7) The epimerization 1n this
buffer 15 of the same order of magnitude and the
1somerization much slower } These reactions occurring
on the substrate before 1somerization have not been
considered 1n previous studies We think that they
may partly explain the discrepancies between the
published results since their importance may depend
on the experimental conditions and on the magmtude
of the 1sotopic effect

In the case of microsomes, further exchange or
epmmerization can be catalyzed by other components
of the crude system As suggested by several authors,
the differences observed in the preceding studies
[3—7] could be a consequence of these competitive
reactions To test this point we have mactivated the
1somerase by heating or by treatment with the Kcat
mhubitor of Batzold and Robinson [11] (5,10-seco
estr-5-yne, 3,10,17-trione) as previously done for the
bacteral enzyme [8], and we have incubated the 48-
deuterated substrate with these preparations The
results are given 1n Table II The epimernization of the
label 1s very similar 1n the three experiments The
exchange 1s shightly larger in the incubations with
the mactivated enzymes, but the ditferences are close
to the experimental error and we can conclude that
non-<nzymic reactions due to the microsomal nature
of the system do not play a significant role

Discussion

The 1somerization of compound 1b with the mam-
malian microsomes yields a mixture of compounds 2a
(72%). 2b (9%) and 2¢ (19%) (Table 1), that 1s the
same compounds, although in different amounts, as
after 1somenzation of compound 1b with the bac-
terial enzyme of P testosteroni [8] (25% of 24, 50%
of 2b, 25% of 2¢)

The 1mportance of the buffer-catalyzed loss and
epimerization of deuterium in the substrate prevents
a detailed discussion of the enzymic part of the reac-
tion It s however clear that 1t contributes to the
deuterium loss (70% with active microsomes, 30% 1n
the blank)

With the bacterial enzyme, the presence of com-
pound 2¢ was attributed to an epimenzation of the
label within the active site tollowed by the 45 = 68
transfer Here 1t 1s difficult to distinguish the relative



contributions of the enzyme and of the buffer in the
epimerization

Since some product deuterated on C6 (2b) 15
recovered 1t implies that the intramolecular transfer
48 — 68 encountered with the bacterial enzyme 1s also
occurring with the mammalian microsomes It 1s
much less important (9% instead of 50%) but signifi-
cantly higher than the experimental error (9% 1s a
mimimal value since the amount of deutertum on the
48 position 1s lowered by the epimernization and
exchange occurring before the i1somernzation step
The error on the deuterium content, determined by
mass spectroscopy 1s assumed to be 3% ) This 1s an
mmportant point since, excluding the work of Murota
et al [3], most of the former studies concluded that
this pathway did not occur Murota et al [3], usinga
deuterated buffer observed a low incorporation of
deutertum and thus concluded that the intramolec-
ular migration was probably the predominant path-
way We have demonstrated with the 4f8-deuterated
substrate that 1t was indeed a minor pathway But we
also observe a low incorporation of deuterum when
the 1somernization 1s carrted out in 2H,0 This 1s very
likely due to an incomplete exchange of the micro-
somes

Akhtar et al [7] have recently studied a placental
1somerase where the intramolecular transfer has not
been demonstrated As they have pointed out, this is
compatible with two mechanisms The removal of the
hydrogen on C4 and the protonation on C6 may be
mediated by two different groups or, as in the case of
the bacterial enzyme, the same group may be
operating, the exchange of B-2H of B-H (Scheme 2)
with the medium being faster than the protonation of
C6 The mtramolecular transfer that we have ob-
served, although low, strongly favours the second hy-
pothesis, at least for bovine adrenal micromes

It 1s tempting to conclude that all the 1somerases
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from bacterial or mammalian origins work according
to the same mechamism nvolving competitive proces-
ses (competitive abstraction of the 4o and 48 protons,
intramolecular hydrogen migration vs hydrogen
exchange), the relative importance of which varies
with the system under investigation
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