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Progesterone Synthesis by Luteal Mitochondria in Vitro' (39326)
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It is generally accepted that luteal mito-
chondria contain the enzyme complex re-
quired for the conversion of cholesterol to
pregnenolone (1). However, it has not been
possible to determine if these mitochondria
also contain the enzymes required for pro-
gesterone synthesis, or if the synthesis re-
ported by other investigators (2-4) was due
to contamination with microsomal enzymes.
We have investigated this problem using
highly purified luteal mitochondria pre-
pared by isopycnic zonal centrifugation, and
we have demonstrated that these organelles
contain the enzymes required for progester-
one synthesis.

Materials and methods. Mitochondria
were prepared from bovine corpora lutea
within 1 hr after slaughter. The tissue was
passed through a cold tissue press (Harvard
Apparatus Company) and then homoge-
nized in 0.25 M sucrose, pH 7.4, using a
chilled homogenizer (No. 22 Duall, Kontes
Glass Co.) with the pestle rotating at 1000
rpm. Heavy debris and nuclei were removed
by centrifuging the homogenate two times at
1000 g for 10 min. The supernatant was
then respun at 6000 g for 10 min and the
surface of the pellet was rinsed lightly with
0.25 M sucrose. The pellet was resuspended
and centrifuged two more times and resus-
pended in 10 ml of 0.25 M sucrose. The
mitochondria were purified further by iso-
pycnic zonal centrifugation, as follows: the
mitochondrial suspension was introduced
into a Beckman Ti-14 zonal rotor containing
a discontinuous-continuous sucrose gra-
dient, as previously described (5). The rotor
was spun at 25,000 rpm for approx 45 min
to reach an w%* value of 1.9 X 10, as
determined by a Beckman w? integrator. At
the end of the run, the rotor was unloaded
and 26 fractions of 25 ml each were col-
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lected. The fractions were diluted with 15
ml of doubly distilled water and centrifuged
at 7500 g for 15 min. The pellets were
resuspended in 0.25 M sucrose for biochem-
ical studies.

Cytochrome oxidase activity (a marker
for the inner mitochondrial membrane),
protein, and nucleic acid content were de-
termined as previously reported (6). Mito-
chondrial steroidogenic activity was deter-
mined by a modification of the method of
Robinson and Stevenson (7) which meas-
ures the percentage of [4-'*C]cholesterol
converted to [4-'*C]pregnenolone and [4-
1Clprogesterone. In our studies, 20,000
cpm of [4-'*C]cholesterol and 2 mg of mito-
chondrial protein were used per assay, and
succinate was used as a substrate.

Results. Isopycnic zonal centrifugation re-
sulted in a concentration of the mitochon-
dria in the part of the gradient around 44 %
(w/w) sucrose, as indicated by the distribu-
tion of cytochrome oxidase activity (Fig. 1).
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Fig. 1. Distributions of cytochrome oxidase activ-
ity and protein after isopycnic zonal centrifugation.
Mitochondrial samples were prepared from four to six
isolated bovine corpora lutea by differential centrifuga-
tion and purified by centrifuging them in a Beckman Ti-
14 zonal rotor containing a sucrose gradient (w% = 1.9
x 10'). Twenty-six fractions (25 ml each) were col-
lected, diluted with water, centrifuged at 7500 g for 15
min, and the pellets resuspended in 0.25 M sucrose.
The experiments were done on three different mito-
chondrial samples prepared from pooled corpora lutea,
and a representative set of data are presented here.



PROGESTERONE SYNTHESIS BY LUTEAL MITOCHONDRIA 55

Protein distribution was similar to that of
cytochrome oxidase activity, except for
somewhat elevated values in the fractions
obtained at the lighter end of the gradient.
Specific cytochrome oxidase activity and
specific ~ [4-"*C]pregnenolone and [4-
“Clprogesterone synthetic activities (i.e.,
activity per milligram of protein) of com-
bined fractions 16, 17, and 18 were higher
than those obtained with mitochondria sep-
arated by differential centrifugation alone
(Table I). However, the DNA and RNA
contents per milligram of protein decreased
dramatically after further purification of lu-
teal mitochondria by zonal centrifugation.
The syntheses of [4-'*C]pregnenolone and
[4-*C]progesterone were linear for at least
60 min, with the [4-'*C]progesterone syn-
thesis rate being the faster of the two (Fig.
2).

Discussion. The absence of nuclear and
microsomal contamination of luteal mito-
chondria obtained by isopycnic zonal cen-
trifugation is suggested by their low specific
nucleic acid contents, which are comparable
to mitochondrial DNA and RNA values re-
ported by other investigators (8). Further-

TABLE I. SeeciFic CYTOCHROME OXIDASE
Activity, NucLelc AciD CONTENT, AND [4-
14C]CHOLESTEROL CONVERSION BY LUTEAL

MITOCHONDRIA.
Differential
centrifugation
Differential  followed by
centrifuga-  zonal centrifu-
tion? gation
Cytochrome oxidase ac- 17.5 23.4
tivity  (U/mg
protein)®
DNA (ug/mg protein) 5.1 1.9
RNA (ug/mg protein) 16.2 6.5
Percentage [4-
14C]cholesterol
conversion to:*
[4-'4C]Pregnenolone 0.9 1.3
[4-'4C]Progesterone 6.8 9.5

@ Mitochondria isolated by differential centrifuga-
tion alone represent an aliquot of the sample prior to
zonal centrifugation. The experiments were done on
three different mitochondrial preparations prepared
from four to six bovine corpora lutea, and a representa-
tive set of data are presented here.

® U is defined as k (sec) x 1074,

¢ Percentage [4-!*C]cholesterol conversion values
were obtained by incubating 2 mg mitochondrial sam-
ples with 20,000 cpm [4-'*C]cholesterol for 60 min in
the presence of succinate.
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Fi6. 2. The percentage of [4-'*C]cholesterol con-
verted to [4-'“C]pregnenolone and [4-'*C]progesterone
per time by luteal mitochondria purified by zonal cen-
trifugation. The experiment was done on three differ-
ent preparations of luteal mitochondria and a repre-
sentative set of data is presented here.

more, the protein distribution obtained
after zonal centrifugation suggests that the
higher specific cytochrome oxidase activity
and [4-'“C]pregnenolone and [4-'*C]pro-
gesterone synthesis rates seen in luteal mito-
chondria purified by zonal centrifugation
were due to the loss of nonmitochondrial
protein. The fact that the mitochondria had
synthesized more [4-**C]progesterone than
[4-1*C]pregnenolone supports the generally
held view that cholesterol conversion to
pregnenolone is the rate limiting step of
ovarian steroidogenesis (1, 2).

Although the enzymes required for pro-
gesterone synthesis have been found in
other subcellular fractions of luteal homoge-
nates (9), it is likely that at least some of this
activity is due to contamination from mito-
chondrial fragments. However, it is possible
that two sites for progesterone synthesis
may exist in luteal tissue. In contrast, thecal
cells which primarily secrete estrogen have
been reported to favor the conversion of
pregnenolone to 17-OH progesterone via
the As-pathway (10). Thus, mitochondria of
these cells may not be able to synthesize
progesterone.

In conclusion, our studies strongly suggest
that the enzymes required for the conver-
sion of pregnenolone to progesterone are
present in highly purified mitochondria
from bovine corpora lutea.

Summary. Mitochondria were prepared
from bovine corpora lutea by differential



56 PROGESTERONE SYNTHESIS BY LUTEAL MITOCHONDRIA

centrifugation and were purified by iso-
pycnic zonal centrifugation. A marked in-
crease in specific cytochrome oxidase activ-
ity and a marked decrease in specific DNA
and RNA content indicate that the proce-
dure resulted in a highly purified prepara-
tion of mitochondria. These organelles had
a higher rate of conversion of [4-
"“Clcholesterol to [4-"C]progesterone than
did mitochondria separated only by differ-
ential centrifugation. suggesting that luteal
mitochondria contain the enzyme systems
required for progesterone synthesis.,
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