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Abstract

Membrane progesterone binding sites have been purified recently from pig liver. Since progesterone is considered as an endogenous
Ž .sigma s receptor ligand, these sites were characterized pharmacologically by ligands selective for s receptor and dopamine receptor

w3 xbinding sites, and by other drugs from distinct pharmacological classes. Binding studies using the radioligand H progesterone were done
Ž .in crude membrane preparations and solubilized fractions to determine half-maximal inhibitory concentration IC values, from which50

Ž .inhibitory constants K values were calculated. Radioligand binding was inhibited by the s receptor ligands haloperidol, carbetapen-i
Ž . Ž . Ž . Ž . Ž Ž . .tane citrate, 1,3-Di 2-tolyl guanidine DTG , R y -N- 3-phenyl-1-propyl -1-phenyl-2 aminopropane HCl R y -PPAAP HCl , or s

Ž . Ž . Ž Ž . . w Žreceptor antagonists like q -3- 3-hydroxyphenyl -N-propylpiperidine HCl R q -PPP HCl and cis-9- 3- 3,5-dimethyl-1-
. x Ž .piperazinyl propyl -9H-carbazole dihydrochloride rimcazole 2HCl . The hierarchy of inhibitory action was not fully compatible with

Ž Ž . . Žeither s receptor class I moderate affinity of pentazocine, diphenylhydantoin phenytoin insensitivity or II sites high affinity of
.carbetapentane . The data thus suggest that progesterone binding sites in porcine liver membranes are related to the s receptor binding

site superfamily, but may represent a particular species with progesterone specificity. q 1998 Elsevier Science B.V.
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1. Introduction

Ž .Sigma s binding sites have originally been described
Ž .as a class of opiate receptor sites Martin et al., 1976 .

Subsequent investigations, however, lead to a revision of
this concept showing that s receptor sites are distinct

Žfrom any known drug or neurotransmitter receptor Sonders
.et al., 1988 . As the function of these sites is yet unknown,

the molecular characterization of s receptor sites and their
possible structural relationship to other known membrane
receptors is of increasing interest at present. Photoaffinity
labeling of s receptor sites tagged different polypeptides1

Žwith molecular masses ranging from 25–29 kDa Su,
. Ž .1991 . Schuster et al. 1994 described the purification of a

28-kDa cyclophilin-like component of the rat liver s re-
ceptor by affinity chromatography using haloperidol as

Ž .affinity ligand. Moebius et al. 1993, 1994 and Hanner et
Ž . 2qal. 1995 identified an phenylalkylamine Ca channel

) Corresponding author at address b. Tel.: q49-621-383-4058; fax:
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Ž .antagonist binding protein 27 kDa from guinea pig liver
which showed high affinity to s receptor ligands. Re-

Ž .cently, Hanner et al. 1996 reported the purification and
molecular cloning of a 29.7-kDa polypeptide from guinea
pig liver showing essential properties of a s receptor site
type I. All binding sites were found to recognize selective
s receptor ligands with high affinity, but surprisingly, no
structural relationship of their primary structure was ob-
served.

Progesterone is an established ligand for s receptor
binding sites and considered as a potential endogenous

Ž .ligand of these sites Su, 1991 . Recently, we have purified
and cloned a high-affinity membrane progesterone binding

Ž . Žprotein 28 kDa Meyer et al., 1996; Falkenstein et al.,
.1996 which may be involved in rapid, non-genomic ef-

Ž .fects of steroids Wehling, 1995, 1997 , although func-
tional expression has still to be achieved.

In the present study, the binding profile of this proges-
terone membrane binding site is characterized with particu-
lar reference to s receptor ligands and neurotransmitter
receptor ligands.

0014-2999r98r$19.00 q 1998 Elsevier Science B.V. All rights reserved.
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2. Materials and methods

2.1. Chemicals and reagents

w 3 Ž .x Ž y11,2,6,7- H N progesterone spec. act. 96 Ci mmol
y1 . w 3 xŽ .s 3.564 TBq mmol and 1,3- H q -pentazocine

Ž y1 y1.spec. act. 35 Ci mmol s1.3 TBq mmol were ob-
Ž .tained from NEN Bad Homburg, Germany . Unlabeled

Žprogesterone was purchased from Sigma Munich, Ger-
. Ž .many , other ligands e.g., s receptor ligands were from

Ž .Calbiochem Bad Soden, Germany , Biotrend Chemikalien
Ž . ŽCologne, Germany and ICN Biomedicals Eschwege,

.Germany . All other chemicals were of reagent grade and
Ž .obtained from Merck Darmstadt, Germany , Boehringer

Ž . Ž .Mannheim, Germany , Sigma Munich, Germany , or
Ž .Serva Heidelberg, Germany . The phenylalkylamines

Ž . Ž .q -emopamil and y -emopamil were kindly provided
Ž .by Knoll Ludwigshafen, Germany .

2.2. Membrane preparation and solubilization of proges-
( )terone-binding site s

Crude microsomal membranes were prepared by differ-
ential centrifugation from porcine tissues as described in

Ž .detail elsewhere Meyer et al., 1996 . Fresh tissue was
obtained from the slaughterhouse. Microsomal 100 000=g
pellets were washed two times in homogenization buffer
Žbuffer A; 50 mM TrisrHCl, pH 7.5 containing 0.25 M
sucrose, 0.2 mM phenylmethylsulfonyl fluoride and 0.5

. Ž y1 .mgrml leupeptin ; aliquots 10–25 mg protein ml were
subsequently frozen in liquid nitrogen and stored at y808C
until used. Microsomal membrane proteins from porcine
liver were solubilized at a detergent:protein ratio of 4:1
Ž . Žwrw in buffer B 50 mM TrisrMes, pH 6.0, containing

.1 mM CaCl , 1 mM MgCl , 5 mM KCl with 20 mM2 2
wŽ . x3- 3-cholamidoprpyl dimethylammonio -1-propan-

Ž . Ž .sulfonic acid Chaps Boehringer, Mannheim, Germany
in the presence of 0.2 mM phenylmethylsulfonyl fluoride
and 200 mM KCl. In all experiments, either crude micro-
somal membranes or solubilized proteins were used as
indicated.

2.3. Progesterone-binding assay

Binding assays were performed according to Meyer et
Ž .al. 1996 . Briefly, microsomal or solubilized proteins

Ž .typically 200 mg protein were incubated in buffer B
Ž . w3 xvolume 0.5 ml in the presence of 20 nM H pro-
gesterone. Non-specific binding was determined in all
experiments in the presence of a 1000-fold excess of

Ž .unlabeled progesterone and amounted to 20% Fig. 1A .
This assay was used as a control experiment for all inhibi-
tion experiments. In competition experiments, half-maxi-

Ž .mal inhibitory concentrations IC were obtained by50
Ž wnonlinear fitting of inhibition curves Sigma plot , Ver-

. Ž .sion 1.02, Jandel . We calculated inhibitory constants K i

Fig. 1. Dose–response competition curves of s receptor discriminating1
Ž . Ž .ligands A and nondiscriminating ligands B on porcine liver microso-

w3 x Ž .mal fractions using H progesterone as radioligand 20 nM . Data are
from representative individual experiments. For comparison, the displace-

Ž .ment curve for unlabeled progesterone was added in A . Values given
Ž . Ž .represent percentages of total binding compared with control. A q -

Ž . Ž . Ž . Ž .SKF10,047 v ; carbetapentane citrate B ; " -pentazocine ' ;
Ž . Ž . Ž . Ž . Ž . Ž .R y -PPAP % ; progesterone l . B Rimcazole v ; DTG B ;

Ž . Ž . Ž . Ž . Ž .y -SKF10,047 ' ; haloperidol % ; q -3-PPP l .

Ž .from IC as described by Cheng and Prusoff 1973 . All50

compounds were tested at concentrations ranging from
w3 x0–100 mM in the presence of 20 nM H progesterone.

Light-sensitive compounds were tested in the dark room.
In all figures, percentages of total binding are given. Mean

Ž .relative standard deviation S.D. of K was 16"12%i
Ž . w3 xŽ .mean"S.D. . In some experiments, 20 nM H q -pen-

w3 xtazocine instead of H progesterone was used as radioli-
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gands, and non-specific binding was determined in the
Ž . Ž .presence of 20 mM " -pentazocine base .
Ž .Diphenylhydantion phenytoin sensitivity was tested by

comparing binding values in the presence or absence of
these compounds. Increases of binding by )20% were
considered to indicate ‘sensitivity’.

The data are presented as means"S.D. of at least two
experiments run in duplicate. For statistical comparison,
Student’s t-test was used. P-values -0.01 were consid-
ered statistically significant.

2.4. Protein determination

Protein was determined by the Bio-Rad protein assay
kit with bovine serum albumin as reference standard
Ž .Bradford, 1976 . If solubilized protein concentrations were
measured, the standard curve was established in the pres-
ence of detergent.

3. Results

The affinities of different compounds were tested with
w3 xregard to H progesterone binding to crude microsomal

membrane fractions and solubilized membranes from
Ž .porcine liver and expressed by their K values mM . Asi

this involves many drugs, the rationale of their use with
regard to the pharmacological characterization of proges-
terone membrane binding sites is mentioned here rather

than in Section 4. It should be also noted, that the tracer
Ž w3 x .concentration 20 nM H progesterone was chosen to

Ž .predominantly label high-affinity sites K 11 nM , ratherd1
Ž . Žthan lower affinity sites K 286 nM Meyer et al.,d2

.1996 . An even lower concentration appeared not to be
feasible as resulting cpm were too low for accurate deter-
mination. This assumption is supported by experiments in
solubilized membrane fractions, which for that reason,
have always been carried out in addition to those in

Žmicrosomes. In these, the low-affinity site is lost Meyer et
.al., 1996 , and the high-affinity site is the only one present.

As the results are similar in both preparations, especially
with regard to the hierarchy of affinities, a more extensive,
two-site model analysis appeared non-essential for the
interpretation of results and, therefore, was not done. The

Ž .higher K in solubilized fractions 69 nM apparently isd1

the reason for the higher K values in solubilized fractionsi

compared with those than in microsomal fractions.

3.1. s Receptor ligands

All s receptor ligands tested showed high-to-low
Ž .affinities for progesterone binding sites Table 1 . Non-dis-

Ž . Žcriminatory non-selective s receptor ligands Quirion et
. Ž . Ž .al., 1992 such as haloperidol, q -3- 3-hydroxyphenyl -

Ž Ž . . ŽN-propylpiperidine HCl R q -3-PPP HCl Koe et al.,
. Ž . Ž . Ž .1989 , 1,3-Di 2-tolyl guanidine DTG , and y -N-al-

ŽŽ . .lylnormetazocine y -SKF10,047 were found to be ac-
tive in competition experiments in a hierarchical order

Table 1
w3 xInhibition of H progesterone binding by s receptor ligands in microsomal membrane preparations and solubilized fractions of porcine liver

Ž .Compound Selectivity sigma receptor K mMi

Microsomal membranes Solubilized membranes

Discriminant receptor ligands
Ž .R y -PPAP HCl s -agonist 0.07 0.081

Carbetapentane citrate s -agonist 0.09 0.421
Ž .q -SKF10,047 s -agonist 1.2 y1

Nondiscriminant receptor ligands
Haloperidol s-agonist 0.02 0.07
Ž .R q -3-PPP HCl s-antagonist 0.29 0.86

DTG s-agonist 0.31 1.87
Ž .y -SKF10,047 s-agonist 12.7 12.63

Further s receptor ligands
Ž .Haloperidol reduced s-agonist 0.08 0.64

Ifenprodil tartrate s-agonist 0.09 0.25
cis-1S,2 R-U-50488 s-agonist 0.44 0.82
Rimcazole-2HCl s-antagonist 0.51 2.03
Ž .S y -3-PPP HCl s-antagonist 0.61 2.71

Ž . Ž ." -Pentazocine base s-agonist 1.13 6.35
Ž ." -SKF10,047 s-agonist 4.61 6.29

Enhancer
Phenytoin Enhancer Inactive Inactive

w3 xMicrosomal or solubilized fractions were incubated with 20 nM H progesterone in the presence or absence of different concentrations of the tested drug.
The affinities were expressed as K values.i
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compatible with the one proposed for the general identifi-
Ž .cation of s receptor sites Fig. 1B .

Additionally, we observed moderate-to-high affinities
of selective s receptor ligands. These discriminant ligands
are used to classify two subtypes of s receptor binding

Ž .sites Quirion et al., 1992 . The benzomorphane derivative
Ž .s receptor agonist q -SKF10,047 inhibited progesterone

Ž .binding stereoselectively, the q -isomer was about 10=
Ž . Ž .more active than y -SKF10,047 Table 1 . This criteria is

Ž .typical for s receptor binding sites Quirion et al., 1992 .1

Moreover, as shown in Fig. 1A, other s receptor ligands
tested had high affinities for progesterone binding: carbe-

Ž .tapentane citrate K s90 nM , a ligand which is used as ai

tool to discriminate between s receptor and s receptor1 2
Ž .sites Quirion et al., 1992 had a high affinity to proges-

Ž . Žterone binding sites as well as R y -N- 3-phenyl-1-pro-
. Ž Ž . .pyl -1-phenyl-2 aminopropane HCl R y -PPAP HCl

Ž . Ž .K s70 nM Glennon et al., 1990 , which were compati-i
Ž .ble with the assumption that progesterone binding site s

may belong to the s receptor binding sites superfamily,
Ž .subtype 1. However, the racemate of pentazocine base

Ž .Brodgen et al., 1973 displaced the progesterone binding
Ž . Ž .with moderate affinity of K s1.13 mM Table 1 . q -i

pentazocine as a high affinity selective s receptor ligand1

was available as radioligand only. The racemate should be
Ž . Žonly 30% less active than q -pentazocine Cagnotto et

. Ž .al., 1994 . Given this, q -pentazocine would be expected

to be still only moderately active here—a feature that is
incompatible with the classification of progesterone bind-
ing sites as s receptor sites, which should expose high1

Ž .affinity for q -pentazocine. In addition, phenytoin was
Ž .inactive as enhancer of progesterone binding Table 1 ;

this is also not typical for s receptor sites.1

3.2. Dopamine receptor ligands

As summarized for antidopaminergic compounds in
Table 2, the antipsychotic dopamine D receptor antago-2

nist, haloperidol, dopamine D receptor antagonists1

fluphenazine and proadifen, dopamine receptor antagonist
Ž .and less active enantiomer, y -butaclamol, the dopamine

Ž .D receptor agonist, R q -3-PPP HCl, and the dopamine2
Župtake blocker, buspirone HCl, showed high affinity K i

.-0.35 mM for the progesterone binding sites while the
dopamine receptor antagonists chlorpromazine HCl, pi-
mozide and clozapine had moderate or low affinities.
Remarkably, the endogenous dopamine receptor ligand,
dopamine HCl, did not compete with progesterone bind-
ing. These results indicate that progesterone binding sites
may bind dopamine receptor ligands, especially dopamine
D receptor ligands, but the hierarchy does not match with2

clinical activity. For example, the dopamine D receptor2
Ž .agonist, S y -lisuride, and the dopamine receptor antago-

Ž .nist, y -sulpiride, do not block progesterone binding at

Table 2
w3 xInhibitory potencies of various agonists and antagonists of dopamine receptors in porcine liver tissue on the binding of H progesterone in microsomal

membrane preparations and solubilized fractions

Ž .Compound Selectivity dopamine receptor K mMi

Microsomal membranes Solubilized membranes

Haloperidol D rD -antagonist 0.02 0.072 1

Fluphenazine D rD -antagonist 0.03 0.141 2

Buspirone HCl Dopamine uptake inhibitor 0.11 0.31
Ž .y -Butaclamol HCl D-antagonist 0.11 0.14
Trifluoperazine D rD -antagonist 0.12 0.41 2

Ž .Proadifen SKF 525A D rD -antagonist 0.14 0.171 2
Ž .R q -3-PPP HCl D -agonist 0.29 0.862

Spiperone HCl D -antagonist 0.31 4.042
Ž .S y -Raclopride L-tartrate D -antagonist 0.33 1.382

Chlorpromazine HCl D-antagonist 0.38 1.06
Ž .S y -3-PPP HCl D -agonist 0.61 2.732

Pimozide D -antagonist 0.73 1.32
Ž .q -Butaclamol HCl D rD -antagonist 2.21 1.442 1

Clozapine D )D )D antagonist 17.31 Inactive4 3 2
Ž .R q -SCH-23390 HCl D -agonist Inactive Inactive1
Ž .S y -SCH-23388 HCl D -agonist Inactive Inactive1

aŽ .R q -6-Bromo-APR HBr D -agonist Inactive Inactive1
Ž .R y -SCH-12679 maleate D -antagonist Inactive Inactive1
Ž .S y -Lisuride D -agonist Inactive Inactive2

Ž .y -Sulpiride D -antagonist Inactive Inactive2
Ž .S q -PD128,907 HCl D -antagonist Inactive Inactive3

Dopamine HCl Endogenous ligand Inactive Inactive

Affinities were expressed as K values.i

Inactive: not active up to 10y4 M.
a Ž . Ž .R q -6-bromo-APR HBr: R q -6-bromo-7,8-dihydroxy-3-allyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydrobromide.
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w3 x Ž .Fig. 2. Stereoselectivity of H progesterone binding site s in porcine
Ž . Ž . Ž .liver membrane fractions for y -butaclamol B and q -butaclamol

Ž .v . Representative displacement curves are shown. Values given repre-
sent percentages of total binding compared with control.

Ž .concentrations up to 100 mM. Moreover, y -butaclamol
HCl is known to be the enantiomer less active on dopamine

Ž .receptors Su, 1993 , but an opposite stereoselectivity was
Ž . Žobserved in the case of progesterone binding site s Fig.

. Ž .2 : y -butaclamol HCl was found to be more active than
Ž .q -butaclamol HCl. This enantioselectivity for buta-
clamol HCl was described to be typical for s receptor

Ž .sites Weber et al., 1986 .

3.3. Ligands from different pharmacological groups

Compounds from various further pharmacological
groups were tested with regard to their affinities to proges-

Ž .terone binding sites data not shown . High-affinity com-
pounds not mentioned so far include monamine oxidase

Ž . 2quptake inhibitors type A clorgyline , Ca channel antag-
ŽŽ . Ž . .onists of the phenylalkyamine type q -r y -emopamil .

2q ŽCa channel blockers gadolinium-III-chloride, lan-
. Žthanum chloride , cytochrome P inhibitors methyra-450
. Žpone, cimetidine , a-adrenoceptor antagonists yohimbine,

. q q Ž .phentolamine , Na rH antiporter inhibitor amiloride ,
q Ž .K channel blocker 4-aminopyridine , opiate receptor

Ž .antagonist naloxone HCl , and serotonin were inactive
Ž . Ž .K )35 mM . The b-adrenoceptor antagonist, " -pro-i

pranolol HCl and its enantiomers showed moderate affini-
Ž .ties to the progesterone binding site s .

It should be noted that maximum displacement varied
for different inhibitors of binding: pentazocine at high

Žconcentrations reduced binding to only 41"4% ns4,
. Ž .P-0.01 vs. progesterone , R y -PPAP HCl to 31"3%

Ž .ns4, P-0.01 vs. progesterone and carbetapentane cit-
Ž .rate to 32"4% ns4, p-0.01 vs. progesterone com-

Ž . Ž .pared with 15"1% ns5 for progesterone Fig. 1A . In
w3 xturn, with H pentazocine as radioligand, maximum effect

Ž .of progesterone on binding was 56"4% ns4, P-0.01
Ž .of that by unlabeled pentazocine not shown possibly

pointing to the involvement of s and additional, distinct
sites.

4. Discussion

The main findings of the present study are as follows:
Ž .1 progesterone binding sites in pig liver membranes

Ž .specifically bind s receptor ligands; 2 the hierarchy of
binding is typical for s receptor sites, in general; how-

Ž .ever, 3 the hierarchy of binding and other properties
Ž .phenytoin sensitivity are not typical in particular for
either s or s receptor sites.1 2

Ž .The high-affinity progesterone binding site s investi-
gated here have been studied with regard to steroid binding

Ž .properties Meyer et al., 1996 . A selectivity for proges-
terone over all other steroids tested was determined, lead-
ing to the term ‘progesterone binding sites’. Related
steroids were recognized in the following order of relative
affinities: progesterone) corticosteroneG testosterone)

cortisol)promegestone) fludrocortisonesb-estradiols
Žcanrenonesdexamethasonesaldosterone Meyer et al.,

.1996 . Scatchard analysis of saturation experiments re-
vealed the presence of high-affinity and low-affinity sites
in microsomes with apparent dissociation constants of
11"0.54 nM and 286"40 nM, respectively. The capaci-
ties were 3.4"0.1 pmol mg proteiny1 for the high-affin-
ity and 44"4.4 pmol mg proteiny1 for the low-affinity
binding sites. Furthermore, radioligand binding studies on
microsomal and solubilized protein indicated that only the
high-affinity sites were solubilized, which shows biochem-
ical characteristics similar to those of microsomal binding

Ž .proteins Meyer et al., 1996 . The loss of the low-affinity
binding site may be due to the cross-reactivity of proges-
terone exposing affinities for other steroid membrane bind-
ing sites such as microsomal aldosterone binding sites,

Žwhich have also been identified in porcine liver Meyer et
.al., 1995 . An additional explanation could be the removal

Žof steroid binding membrane lipids by the detergent Meyer
.et al., 1996 .

As progesterone binding to membrane sites is a typical
feature of s sites, the rationale of the present study was to
identify further pharmacological properties of progesterone
binding sites relevant to this interrelation.

Various drugs and chemicals with several different
biologicalrpharmacological profiles were tested for their
ability to displace radioligand binding to microsomal mem-
branes and solubilized fractions from porcine liver. The
choice of compounds was guided by earlier reports on the
characterization of s receptor sites with particular refer-

Ž .ence to the classification proposal by Quirion et al. 1992 .



( )C. Meyer et al.rEuropean Journal of Pharmacology 347 1998 293–299298

Taking results on discriminant and non-discriminant s

receptor ligands together, the picture is fully compatible
with the assumption that these progesterone binding sites
are s receptor sites, and the pharmacological profile
differs essentially from those of known dopaminergic,

Ž . Žserotonergic, adrenergic, phenycyclidine PCP Itzhak,
. Ž .1988 , and opioid receptors Su, 1993 , as well as cy-

tochrome P and monoamine oxidase enzymes. With450

regard to the s receptor subclassification, the low affinity
of pentazocine and insensitivity to phenytoin as promoter
of binding are not in line with properties typical for s1

receptor sites. Reasons for this could be the radioligand
w3 xemployed and its concentration. 20 nM H progesterone is

not expected to label a large proportion of those binding
sites termed s receptor sites, which are labeled by1
w3 xH pentazocine at a 10–100-fold higher affinity than by

Ž .progesterone Cagnotto et al., 1994; Hanner et al., 1996 .
Estimated K for progesterone binding to s receptord 1

Ž .sites is )250 nM Hanner et al., 1996 , thus essentially
w3 xexcluding H progesterone from binding to s receptor1

sites at the concentrations employed. This, therefore, may
explain why pentazocine has only moderate affinity. In
turn, it has been shown that progesterone and haloperidol
bind to rat liver membranes with displacement by various
ligands exposing a similar pharmacological profile
Ž .Yamada et al., 1994 . Haloperidol and DTG are high
affinity ligands for both types of s receptor sites. There-
fore, progesterone may be considered as a suitable non-dis-
criminant ligand for s receptor sites, and this even more
so, as for the detection of s receptor sites by haloperidol2

Ž .and DTG, saturating concentrations of q -pentazocine or
other s receptor specific ligands must be present. As1

progesterone does not essentially occupy s receptor sites1

at the concentration employed, addition of s receptor1

specific ligands is not necessary with progesterone, which
may even be considered s receptor-specific. However,2

though low affinity for pentazocine and insensitivity to
phenytoin support classification as s receptor sites, other2

Ž .properties do not: s receptor specific ligands R y -PPAP1
Ž .HCl Glennon et al., 1990 , carbetapentane citrate and

Ž . Ž .q -SKF10,047, but not y -SKF10,047 show high-to-
moderate affinities being characteristic for s receptor1

Ž .sites Quirion et al., 1992 . How to reconcile these appar-
ent discrepancies? Only recently, the first s receptor site1

Ž .has been cloned Hanner et al., 1996 , and functionally
expressed. It is suggested that phenylalkylamine Ca2q

channel antagonist binding to this protein may be phar-
Ž .macologically relevant Hanner et al., 1995 . In an earlier

paper, the same group identified a different phenylalky-
lamine-binding polypeptide as possible s receptor bind-1

ing site by photoaffinity labeling and ligand-directed anti-
Ž .bodies Moebius et al., 1993 . This protein was thought to

have four membrane spanning regions rather than one as
shown for the first one. By all means, the recently cloned
28-kDa protein exposes the pharmacological properties
typical of s receptor sites, and it was isolated by1

w3 xH pentazocine-labeling. In contrast, the primary structure
of the progesterone binding, 28-kDa protein isolated and
cloned in our laboratory does not share any structural
homology with former protein. As shown by antibody
labeling, it is widespread within and between species
Ž .Meyer, unpublished data , properties typical for s recep-

Ž .tor sites Walker et al., 1990 which are expressed in the
central nervous system, endocrine, immune and certain
peripheral tissues such as liver.

Photoaffinity labelling of s receptor binding sites
Ž .showed a molecular mass of 24–29 kDa Su, 1991 . This

was done in guinea pig, rat and bovine brain and guinea
pig liver preparations using the highly selective s receptor

w3 x Žligand H azido-DTG Schuster et al., 1994, 1995; Ka-
.vanaugh et al., 1988 and in rat liver, rat brain, and human

Ž .placenta 26 kDa with the selective s receptor ligand
w125 x Ž .I azidococaine Kahoun and Ruoho, 1992 . These re-
sults are in line with a molecular mass of 28 kDa deter-

Ž .mined for the subunit s of the progesterone binding pro-
tein described by us. N-terminal amino acid sequencing
showed an identical sequence at 56 kDa pointing to a
possible dimerization of 28-kDa polypeptides. The molecu-
lar mass of s receptor binding site complexes was esti-
mated at 150–450 kDa, and depended on the detergent

Žused Walker et al., 1990; Kavanaugh et al., 1988; Schus-
.ter et al., 1995 . We determined an apparent complex size

of about 200 kDa by gel permeation using CHAPS as
Ž .detergent Meyer et al., 1998 . As a hypothesis that would

have to be substantiated by the functional expression of the
cloned progesterone binding protein, these sites could rep-
resent a third species of s receptor binding sites with
progesterone specificity. In conclusion, liver microsome
progesterone binding sites share major similarities with s

receptor sites, although neither s receptor nor s recep-1 2

tor subclassification can be satisfactorily applied. Further
molecular analysis is necessary to define essential proper-
ties of these progesterone s receptor sites with regard to
pharmacology and pathophysiology.
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