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SUMMARY

The progesterone binding properties of microsomal suspensions from rat Hver have been studied using
a Dextran-coated charcoal method for the determination of the progesterone binding capacity. Micro-
somes isolated from the livers of adult female, male and pregnant female rats all exhibited progesterone
binding of high affinity and limited capacity (R, ~ 2 x 16" M™1), in addition to non-specific binding
of progesterone.

The high affinity progesterone binding components of the hepatic microsomes werg partly solubilized
by treatment with the detergent Triton X-100. These solubilized progesterone binding components
were progesterone saturable (K, ~ 3 » 10"M ™'} and specific for progesterone. Of the 11 steroids tested
progesterone showed the highest competition for microsome-bound {*HJ-progesterong.

The progesterone binding capacity of female rat liver microsomes was decreased after protease and
RNase treatment, suggesting that both protein and RNA were involved, directly or indirectly, in pro-
gesterone binding to the microsomes. Treatment of the liver microsomes with EDTA {0-17mM) or
K1 (04 M) had no effect on the binding of progesterone. The microsomal suspensions of rat Hver
resisted freezing without loss of their progesterone binding activity, whereas approximately one half

of their progesterone binding capacity was lost after incubation at +37C for 1S min.

INTRODUCTION

Sex specific binding of oestradiol and testosterone to
the microsomal membranes of rat liver has been
reported by Blyth er al[1-3]. This high affinity bind-
ing of oestradiol and testosterone to male and female
rat liver microsomes, respectively, is known to reside
in the smooth reticular membranes {2, 3}, The plasma
membrane fraction of rat liver shows no such specific
binding of high affinity for oestradiol or testosterone
4}

Rat uterine cytosol contains a progesterone-specific
receptor of high affinity [S-71. This receptor fulfills
the criteria for organ specificity, and progesterone
binding of this type is not found in rat liver cytosol
£51. The rat uterus also contains microsomal pro-
gesterope binding components which differ distinctly
from the cytosolic receptor in steroid specificity
{7, 8].

In the present paper the binding of progesterone
by tat liver microsomes is reported. This type of
binding seems 1o have several features in common
with the binding of cestradiol and testosterone by
rat liver microsomes [1-3], whereas it clearly differs
from the microsomal and cytoplasmic binding of pro-
gesterone found in the rat uterus [5-8}

MATERIALS AND METHODS

Chemicals. The chemicals used were the same as
described previously [ 7] The tissue samples were pre-

pared and the progesterons binding stodies carried
out in a medium containing 25mM  Tris-HCL,
1.25mM EDTA and 250mM sucrose, pH 74 (TES
buffer}. n some experiments EDTA was omitted from
the medium (TSbuffer). Purified Triton X-100 was
obtained from Koch-Light Laboratories Lid, Coln-
brook, England.

Steroids. 1,2,6,7-[H}-Progesterone (S.A. 96 and
105 Ci/mmol) and the non-radioactive steroid stan-
dards used were the same as described previously
[7-9]. For the trivial and systematic names of the
steroid standards used, see Table 2.

Microsomes, Adult male and female Sprague-Daw-
ley rais were used. Of the 36 female rats, § were preg-
nant. During preparation the samples were kept in
ice-cold TES buffer, pH 7.4, The rats were killed by
decapitation, the livers removed, immersed in ice-cold
TES buffer and cut into pieces. They were then
washed, weighed and sliced into 2~3 mm pieces which
were again washed with 3 volumes of TES buffer
{weight/vol). A 20% homogenate was prepared in a
glass homogenizer fitted with a Teflon pestle. The
homogenate was centrifuged at 12,000¢ for 1Smin at
+2°C, and the 12,000¢ supernatant was then centri-
fuged at 105,000g for 60min at +2°C. The superna-
tant was decanted, the tube and the surface of the
105,000g pellet rinsed twice with TES buffer, after
which, the pellets were gently suspended in
5.0-10.0mi of TES per liver in a homogenizer. The
protein concentration of the resulting microsome sus-
pensions was 5-12 mg/mi. Blectron microscopy of the
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105.000g pellet revealed no contamination of the
membrane fraction by nuclei or mitochondria. The
microsomal suspension was usually used immediately
for progesterone binding studies., and only occa-
sionally stored at —20 C overnight.

Progesterone binding capacity assay. The progester-
one binding capacity of the microsomes was deter-
mined using a dextran-coated charcoal (DCC)
method. which has been described in detail previously
[7.8]. The incubation time was 1 h at +6 C and the
reaction time with DCC (0.5¢, Norit A, 0.005", Dex-
tran T 70) usually 15 min. but occasionally 10 min. All
samples were run in duplicate. Protein determinations
showed that the DCC did not adsorb the microsomes
during the assay. The charcoal was sedimented by
centrifugation at 12,000g for 2 min. conditions under
which the microsomes remained in the supernatant.
Scatchard plots were drawn. and the “reduced Scat-
chard plot™ method [10. 117 was used to determine
the approximate number of high affinity progesteronc
binding sites and the association constant (K,) of
these binding sites.

Protein assay. Protein was determined according to
the method of Lowry er al[12].

Solubilization of the progesterone  binding  com-
ponents by treatment with Triton X-100. The liver mic-
rosome suspensions were treated with the detergent
Triton X-100 by adding ice-cold 57, (v-v) Triton X,
in 25 mM Tris buffer pH 7.4. to the microsome prep-
arations to give a final Triton X concentration of
0.1-1.0°, (v-v). Alternatively, after the optimal Triton
X concentration had been found. the microsomal pel-
let was directly suspended in 0-1°, Triton X in 25 mM
Tris and 250 mM sucrose. pH 7.4 (TTS bufler). using
S5ml of TTS per liver. The Triton X treated micro-
somes were centrifuged in capped polycarbonate
tubes at 105,000g for 60 min at +2 C and the super-
natant containing the solubilized components was
used in the subsequent binding studies. The pellet was
suspended in TES or TS buffer by homogenization
and then assayed for its progesterone binding capa-
city. Triton X-100 was found to increase the amount
of radioactivity left in the supernatant in the pro-
gesterone binding assay, thus showing some “binding”
of steroid to the detergent. Therefore n the assay.
buffer controls containing similar concentrations of
Triton X and steroids were run parallel with the mic-
rosomal samples to determine uny background
radioactivity after DCC  adsorption. Background
values mcrcased with increasing concentrations of
Triton X-100. The respective background values were
subtracted before the calculation of the data.

The steroid specificity of the Triton X-solubilized
progesterone binding components was studied by
determining the approximate relative athnity (R.A.)
of the solubilized binder for progesterone and other
steroids. In the determination. 1.9 nM [*H]-proges-
terone and 0-2000nM non-radioactive steroid were
used. and the R.A. were calculated from the 507,
binding level of radioactive progesterone [13].
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Thin-layer chromatography w.lc) of  microsome-
bound [*HT-labelled steroid. To investigate whether
progesterone was metabolized when bound to the
liver microsomes. microsomal suspensions were pre-
pared from the livers of one male and one femaule
rat. and incubated with tritiated progesterone at
+6 C for ©'h. after which the frce steroids were
adsorbed onto DCC and the microsome-bound ster-
oid was extracted with diethylether:ethyl acetate as
described in detail elsewhere [8]. The extracts were
then analyzed by tlc. using the solvent system
chloroform:acetone 9:1 (viv) [&].

Enzyme treatment. The liver microsomes of 3 female
rats were treated with protease and RNase as de-
scribed previously [8]. The enzyme treatment was
performed at +37 € using an incubation time of
15 min. After the incubation the samples were cooled
and assayed for their progesterone binding capacity.
Control microsome suspensions were kept at 0 C and
+37 C for the same period.

Treatment by EDTA und KCI. To study any effect
of increasing concentrations of EDTA on the total
microsomal progesterone binding capacity, micro-
somes were prepared in TS buffer from the liver of
a female rat and divided into four equal portions,
which were suspended in four different media: (a) TS
buffer containing 25 mM Tris~HCI and 250 mM suc-
rose, (by TES, buffer containing 1.1 mM EDTA in
addition to Tris and sucrose. (¢) TES, buffer contain-
ing 42mM EDTA in addition to Tris and sucrose
and (d) TES; bufter containing 17mM EDTA in
addition to Tris and sucrose. These four different mic-
rosomal suspensions were kept for 30min at 0 C,
after which. their progesteronc binding capacity was
determined. The results were calculated per micro-
somal protein content. which varied between
4.9-6.9 mg/ml.

To investigate whether any microsomal progester-
one binding components of rat liver could be
extracted by 04 M KCl microsomes were prepared
in TS buffer from the liver of a female rat in the
usual way. and then divided into two portions which
were suspended in TS buffer and a buffer containing
04M KCl and 25 mM Tris pH 74. The suspension
containing KCl was then recentrifuged for 60 min at
105.000¢. the pellet resuspended in TS buffer and the
supernatant containing KC1 used as such in the pro-
gesterone binding studies. The progesterone binding
capacity and the appropriate protein concentrations
of the three preparations obtained were then
measured.

Measurement of radioactivity. Radioactivity was
measured in an LKB Wallac liquid scintillation
counter 81000 (LKB Wallac Inc., Turku, Finland)
using Insta-Gel (Packard Instrument International
S.A.. Ziirich, Switzerland) as the scintillation solution.
No correction for quenching was made as standards
were counted simultaneously with all analytical
samples in an identical medium. The counting effi-
ciency was 34",
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Fig. 1. The Scatchard plot obtained using microsomes pre-
pared from the liver of a male rat in TES buffer, pH 74.
The concentration of [*H]J-progesterone was 2nM, and
the final protein concentration 2.1 mg/ml. The incubation
time was 1h at +6°C, and the reaction time with DCC
{Smin. The straight line is the reduced Scatchard plot
obtained as described in the references no. 10 and 11 and
gives a K, of 2.7 x 107 M ™! for progesterone in this case.

RESULTS

Binding of progesterone by rat liver microsomes. Pro-
gesterone was bound with high affinity and limited
capacity by the liver microsomes of male, female and
pregnant female rats. High amounts of nonspecific
binding (~ 50% of total) were also present. Figure
1 shows a Scatchard plot obtained for the liver micro-
somes of a male rat. The K, of the high affinity pro-
gesterone  binding components was~ 1.7 4+ 0.8
{mean + S.D) x 107M™" {n =9} for progesterone
when calculated by the “reduced Scatchard plot”
method [10, 11]. The approximate concentration of
high affinity progesterone binding sites varied
between 15-35 pmol/mg microsomal protein, and
tended to be slightly higher in male rats.

T.Le. of microsome-bound [PH]-steroid. The micro-
some-bound progesterone was not metabolized under
the conditions used in the binding studies, as 92%;
of the [H]-steroid bound to female microsomes and
94% of that bound to male liver microsomes were
located in the area of the progesterone standards on
the t.1. plates. The purity of the standard [*H]-proges-
terone was 94-96%, when assessed in the same chro-
matographic system.

Solubilization of the microsomal progesterone binding
components by Triton X-100. The progesterone bind-
ing components of female rat liver microsomes were
partly solubilized by treatment with the detergent Tri-
ton X-100 (Table 1). In the presence of 0.1--0.2%; (v/v)
Triton X, optimal solubilization was achieved, At this
concentration of Triton X, 50% of the total progester-
one binding capacity was found in the 105,000¢
supernatant after centrifugation of the detergent-
treated microsomal suspension. This concentration of
detergent slightly affected the binding of progesterone
by reducing the total amount of bound steroid (solu-
bilized + pellet). With Triton X-100 concentrations of
0.5 and 1.0%, progesterone binding was absent when
determined by the DCC method.

The results of the Triton X treatment of micro-
somes from the liver of a 17 day pregnant rat are
shown in Fig. 2. The solubilized binding components
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residing in the 105,000 supernatant are saturable
with progesterone, whereas, the binding of progester-
one by the resuspended 105,000g pellet is nonsatur-
able. The K, of the solubilized progesterone binding
components was ~ 28 + 1.1 x 10"M™! (n = 4).

Steroid specificity. The steroid specificity of the Tri-
ton X-100 solubilized progesterone binding com-
ponents is given as the relative affinity (R.A) for
various steroids in Table 2. Of the 11 steroids tested,
progesterone had the highest RA., but other C-21
steroids and C-19 steroids had R.A. greater than 10°.
The steroids with an intact 4-ene-3-keto group, except
cortisol, showed the highest binding while a reduction
of the 4,5-double bond reduced affinity both in the
androstan and pregnan series. The next potent com-
petitors after progesterone were 17-hydroxyprogester-
one {R.A. 93%) and the synthetic progestins medroxy-
progesterone acetate (R.A. 25%) and norethisterone
(R.A. 21%)). Testosterone displayed quite a good com-
petition with an R.A. of 18%;, whereas, oestradiol and
cortisol were not bound to any significant degree. The
steroid specificity of the microsomal progesterone
binding components was also studied using 2nM
radioactive progesterone and one level, 167 nM, of
test steroid. Progesterone competed best for the mic-
rosome-bound [ *H]-progesterone in these conditions,
also.

Enzyme treatment. The total progesterone binding
capacity of female rat liver microsomes was reduced
by 46%, and 43% (mean of three experiments) after
protease and RNase treatment, respectively. The
results were not corrected for the non-specific binding
exhibited by the protease solution itself, which in-
creased the progesterone binding percentage of pro-
tease-treated microsomes by 10-20°,. After treatment
by protease there was still some progesterone-specific
binding left, as a 100- and 1000-fold excess of pro-
gesterone reduced binding of [*H]-progesterone (Fig.
3). In the RNase-treated microsomes the remaining
binding of [*H]-progesterone was less affected by
excess non-radioactive progesterone, indicating that
the progesteronc-specific binding components had
been mostly degraded as seen in Fig. 3. These results
showed that both protein and RNA were involved
directly or indirectly in the progesterone binding to
the microsomal binding sites of rat liver.

Treatnent by EDTA and KCIL The progesterone
binding capacity of liver microsomal suspensions con-
taining 0-17mM EDTA in addition to Tris-sucrose,
pH 7.4, did not vary significantly. The binding of pro-
gesterone was the same in all four preparations, and
the competitive protein binding curves obtained were
similar, indicating that the high affinity binding of
progesterone was not affected by EDTA under the
conditions used.

Treatment with 0.4 M KC1 was also without effect,
as the high affinity progesterone binding components
were retained in the pellet fraction and only nonspeci-
fic binding of progesterone was evident in the KCl
solubilized proteins found in the supernatant fraction.
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Fig. 2. The effect of Triton X-100 treatment on the binding
of progesterone by liver microsomes from a 17 day preg-
nant rat. Triton X-100 concentration 0.1%; (v/v) and
[*H])-progesterone 2 nM. The steroid incubation time was
th at +6°C, and the reaction time with DCC 15 min
@&——@: control microsome suspension, protein concen-
tration 1.7 mg/m!, M——M: 105,000¢ supernatant from the
Triton X-treated microsome suspension, protein concen-
tration 0.8 mg/ml, «€——p: 105,000g pellet (resuspended)
from the Triton X-treated microsomal suspension, protein
concentration 1.6mg/ml, O---0O: the curves of the
105,000g supernatant and resuspended pellet fraction

added together.

Effect of storage and temperature. The freezing of
microsomal suspensions, in TES buffer pH 74,
slightly reduced their progesterone binding capacity.
After 24 and 72 h at —20°C binding was reduced to
96%, and 83% of the original capacity, respectively.
When stored at +6°C the binding components were
degraded more quickly. During the short 15 min incu-
bation at +37°C used in the enzyme treatment 45%
of the progesterone binding capacity was lost in one
experiment.

t - R -
Controf Control &gag’ © tr?éatse%
100+ oC e r_jSY‘C 3¢

[BH] - progesterone bound, %,

D PH] - progesterone ZnM

[?’i-ﬂ -progesterone 2nM, progesterone 0.2 pM

.Prﬂ-pmgesterone 2nM, progesterone 2.0 uM

Fig. 3. The relative progesterone binding capacity of
female rat liver microsomes treated with protease and
RNase. The values given represent the mean of three differ-
ent experiments performed on separate days. The ability
of each preparation to bind 2nM [*H}-progesterone is
given as 1009 and the decrease in binding caused by the
addition of excess nonradioactive progesterone has been
calculated relative to the binding at the 2nM concen-
tration. The incubation time with the enzymes was 1S min
at +37°C. The absolute progesterone binding capacity of
the treated microsomal suspensions was decreased by 46%
and 439, by protease and RNase treatment, respectively,
when compared to the +37°C control.

DISCUSSION

Certain features of oestradiol and testosterone
binding to rat liver microsomes reported by Blyth
et al[1-3] resemble the present results. The affinity
of the high affinity binding sites called “tight” sites
by Blyth et al[1] is of the same magnitude, the K,
being 34 nM for oestradiol and 36 nM for testoster-
one [1], whereas, a K; of ~ 36 nM was calculated
for the Triton X-100 solubilized progesterone binding
components. Furthermore, the concentration of mic-
rosomal high affinity steroid binding sites is of the
same order [1-3], and all three steroids are still
bound after the freezing of microsomal preparations
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Table 2.

Relative affinity

Trivial name Systematic name A
progesterone 4-pregnene-3,20-dione 100
17-hydroxyprogesterone 17a-hydroxy-4-pregnene-3,20-dione 93
medroxyprogesterone acetate 6a-methyl-3,20-dioxo-4-pregnen-17a-yl-acetate 25
norethisterone 17a-ethynyl-17f-hydroxy-4-estren-3-one 21
testosterone 17B-hydroxy-4-androsten-3-one 18
20a-dihydroprogesterone 20a-hydroxy-4-pregnen-3-one 16
Sa-pregnanedione Sa-pregnane-3,20-dione 13
58-pregnanedione 5B-pregnane-3,20-dione 12
Sa-dihydrotestosterone 17p-hydroxy-Sa-androstan-3-one 12
cortisol 118,170,21-trihydroxy-4-pregnene-3,20-dione 2
oestradiol 1,3,5(10)-oestratriene-3,178-diol <3

The relative affinity (R.A.) of the Triton X-100 solubilized microsomal progesterone binding components from rat
liver for various steroids. Microsomes from female rat livers were prepared in TS buffer pH 7.4, suspended in TTS
buffer pH 7.4 and recentrifuged at 105,000g. The supernatant thus obtained was used for the determination of the
R.A., which were calculated as described in the text and reference no. 13.
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It has been shown that steroid hormones can pro-
mote binding of polysomes to smooth microsomal
membranes in vitro [14]. Blyth et al[2] suggested
that the microsomal high affinity binding sites for oes-
tradiol and testosterone are involved in such polyri-
bosome-membrane interactions. In the present study
it was found that RNA may be involved in progester-
one binding to liver microsomes, as both protease
and RNase treatment decreased the microsomal pro-
gesterone binding capacity. Approximately one half
of the total progesterone binding capacity remained
after treatment with both enzymes. The reason for
this might be either incomplete enzymatic digestion,
or, that the progesterone binding sites residing in the
membrane structure are partly protected against
enzyme action. The idea that the steroid binding sites
may be components of the membrane structure itself
is further supported by the'fact that 0.4 M KCl was
unable to extract these binding components from the
membranes. Only the detergent Triton X-100 solubi-
lized the progesterone binding components from the
membranes.

Treatment of rough microsomal membranes with
EDTA causes a stepwise removal of the ribosomal
subunits from the membrane surface [15,16]. Such
degranulated rough membranes contain no high
affinity binding sites for oestradiol or testosterone [3].
In the present study treatment with EDTA had no
effect on the microsomal progesterone binding capa-
city.

The microsomes of rat myometrium contain high
affinity progesterone binding sites [8]. The microso-
mal progesterone binding components of rat liver
differ from those of rat myometrium in progesterone
binding affinity (K, ~ 6 x 10" M~ ! in myometrium),
and in steroid specificity. Testosterone, Sx-dihydrotes-
tosterone and Suo-pregnanedione compete well with
[*H]-progesterone bound to myometrial microsomes,
whereas, 17-hydroxyprogesterone and the progestins
norethisterone and medroxyprogesterone acetate,
which have a relatively high affinity for the liver mic-
rosomal binding components, have a low affinity for
the myometrial microsomes. The microsomal pro-
gesterone binding components of rat liver and myo-
metrium are both distinctly different from the cytoso-
lic progesterone receptor of rat uterus [5-7].

The relative affinities of various steroids for the Tri-
ton X-solubilized microsomal binding proteins would
suggest that the microsomal progesterone binding
protein is an enzyme, and that steroid binding rep-
resents a formation of the enzyme-substrate complex.
C-19 and C-21 steroids with a 4-ene-3-keto group,
except cortisol, are bound. Thus the binding protein
might be a microsomal 4-ene-5x-reductase. It is also
known from the substrate specificity pattern of the
microsomal 4-ene-Se-reductase of rat liver that pro-
gesterone, testosterone and 17-hydroxyprogesterone
are efficiently metabolized by the enzyme [17]. How-
ever, the microsomal 4-ene-So-reductase of rat liver
is controlled by androgens and has lower activity in

adult male than female rats [ 18], whereas, the activity
of several other steroid metabolizing enzymes is
higher in male rats [19]. In the present study. the
progesterone binding capacity of liver microsomes
was slightly but not significantly higher in male rats,
which is in disagreement with the information con-
cerning the steroid metabolizing enzymes mentioned
above.

In conclusion, the high affinity progesterone bind-
ing components of rat liver microsomes are described.
These are different from progesterone binding pro-
teins found in other rat tissues, but they resemble
the previously reported microsomal oestradiol and
testosterone binding components of rat liver. Pro-
gesterone is bound with the highest affinity, but many
other 4-ene-3-keto steroids are also bound. From the
results of the present paper it cannot be concluded
whether this progesterone binding protein 1s an
enzyme or is in some way involved in membrane-
ribosome interaction with a functional significance
other than enzyme action.
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