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INTRODUCTION 

It is generally accepted that steroids, by virtue of their 

lipophilic nonionic character, can freely diffuse through the plasma 

membrane of,target and non-target cells. The earliest specific event in 

the series of reactions leading to steroid stimulation of target tissues 

is thought to be the formation of a cytoplasmic receptor-steroid 

complex. Within the cytoplasm, particulate and soluble forms of steroid 

receptor may coexist. Membrane bound receptors could play a role in the 

recognition, transport and accumulation of steroids in a target cell 

(Munck and Brinck-Johnsen, 1968; Harr~son et al., 1974; Suyemitsu and 

Terayama,_,1975; Cidlowski and Muldoon, 1978). The description of the 

presence of appreciable levels of unoocupieJ receptors in the nucleus 

(Zava and McGuire, 1977) as well as immunocytochemical loca~ization 

of monoclonal antibodies to the receptors in the nucleus (King and 

Greene, 1984) and physical separation of cytoplasmic and nuclear 

compon~nts by cell enucleation techniques (Welshons et al.·, 1984) 
' . 

strongly implicated the nucleus as the major repository of receptors 

within the intact cell, even under conditions of different endogenous 

hormone concentrations. This localization is teleologically satisfying 

in terms of the results from a large number of studies demonstrating 

a direct action of steroid-hormone receptor complexes at the 

transcriptional level of gene expression (Ringold, 1985; Yamamotd, 

1985). 

1 



The prevailing consensus of opinion supports th~ view that the 

mechanism of androgen action is comparable to that of other steroid 

hormones 1 i.e., cells .responsive to androgenic hormones contain 

receptor proteins capable of bind-ing either testosterone or its Sa

reduced metabolite, dihydrotestosterone. These macromolecules can be 

retained tightly by the prostate cell nuclei if they are in a 5a

dihydrotestosterone-bound form. 

It has been recognized that transient docking of radiolabeled 

steroid-receptor complexes occurs within the microsomes (Cidlowski and 

Muldoon, 1978), suggesting that the.endoplasmic reticulum may function 

as a "shuttle" for regulation of receptor traffic between extra- and 

intranuclear loci. If one considers cytosol receptors as extracted 

loosely-associated nuclear receptors, the role of putative microsomal 

receptors may shift to that of primary recognition sites for stero.id 

entering the cell. 

2 

The possibility of cross-contamination with other receptor forms 

must be studied for a careful description of distinct microsomal 

receptors for steroid hormones in target tissues. Cytosolic adsortion 

of binding sites has been proposed as the source of binding activity 

detected in plasma membranes isolated from rat uterus (Muller et al., 

1979) as well as plasma membranes representing the source of the binding 

activity found in the microsomal fraction of the cell (Muller et al., 

1979). The membrane bound nature of the microsomal steroid receptors 

and the microsomal matrix provided by the lipoproteic nature of the 

endoplasmic reticulum membrane could make these entities more stable 

than the traditionally soluble cytosolic forms of steroid receptors, 

establishing a-possible site for posttranscriptional actions of steroid 
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hormones at extranuclear loci (Labate et al., 1986; Robel et al., 

1974; Whelly and Barker, 1974, 1982; Brock and Shapiro, 1983). Plasma 

membrane presence in microsomal pellets isolated by routine differential 

centrifugation techniques is a common problem in many mammalian systems, 

(Haaparanta et al., 1983;_ Tata, 1972; Johannesen et al., 1977; Pietras 

and Szego, 1979, 1980) as well as cytosolic adsortion of receptors to 

the membranes (Muller et al., 1979; Parikh et al., 1980). 

In order to understand the function of microsomal steroid-binding 

proteins, it is necessary to develop means for distinguishing them from 

other intracellular receptor pools. Traditionally, establishment of 

such distinction relies on differences in the physicochemical properties 

of the receptor species (Weichman -and Notides, 1979; Korach and Muldoon, 

1974) and in the nature of their interactions with the hormone (Jensen 

and DeSombre, 1973; Gorski and Gannon, 1976). 

It is well known· that the nature of the interaction of a steroid 

with its receptor binding site and the kinetics of association and 

dissociation of the hormone from the receptor are essential features in 
I • 

the mechanism of action of sterold hormones in target tissues. Two 

factors influence the relative amount of steroi~ found in a target cell: 

receptor affinity and the intracellular concentration of receptor 

available for binding to the hormone.- It has been reported that the 

association or dissociation rate constants of the hormone-receptor 

complex can selectively change in systems- in which there are no apparent 

modifications of the equilibrium association constant usually measured 

to describe steroid-receptor interactions (Korach and Muldoon, 1975). 

_ The study of rate kinetics under dynamic conditions is therefore 

important to understand further how-a hormone effect can be regulated 



at the intracellular level. 

Transformation (activation) of the receptor to involving 

structural or conformational changes f~cilitates interaction of 

the receptor with nuclear sites on chromatin or with polyanions. The 

influence of temperature and salt have been studied in different systems 

and there is not always correlation between transformation induced by 

these mechanisms and activation of the steroid receptor (Wilson and 

French, 1979) . 

Microsomal receptor levels can be altered by endogenous steroid 

levels and the depletion-replenishment pattern that these moieties show 

after_ steroid stimuii suggest that these entities may translocate into 

the nucleus and modulate nuclear functions directly (Cidlowski and 

Muldoon, 1978; Steinsapir et al., 1985}~ Alternatively, as mentioned 

above, microsomal receptors might .function to direct extranuclear 

actions of steroid hormones (Muldoon, 1985). 

Androgen receptors have been described in rat ventral prostate 

microsomes. On the basis of apparent affinity and steroid-specificity 

determinations, the microsomal receptor seems different from the 

4 

androgen receptor previously described in rat ventral prostate cytosol 

(Robel et al., 1974). The same distinction has been made for rat uterine 

estrogen micros-omal receptors (Cidlowski and Muldoon, 1978) and rat 

liver progesterone receptors in thi~ subcellular fraction (Drangova and 

Feuer, 1980). Receptor-like. proteins of both acidic and basic nature in 

the pig uterus microsome fractions (Little et al., 1972, 1973, 1975) 

have been suggested to represent precursors of classical cytosol 

receptors in different stages of mplecular development. In the calf 

uterus, microsomal estrogen-binding sites are bound to the particulate 



matter so strongly that they are resistant to detergent disruption 

(Parikh et al., 1980). In the rat uterus, these sites are readily 

extractable with KCl-free hypotonic buffer or with 0.4 M KCl (Watson and 

Muldoon, 1985). After exhaustive extraction, uterine microsomes are 

capable of accepting cytosol estradiol~receptor c~mplexes to a level 

corresponding to the concentration of depleted binding sites; microsomes 

from non target tissues do not manifest such capability (Watson and 

Muldoon, 1985). The subcellular distribution of estrogen binding in 

the uterus of the adult ovariectomized rat indicates that the loss of 

nuclear receptor 5 h aft~r estrogen stimulation is associated with a 

rise in microsomal binding capacity not observed in estrogen-primed 

~~strated animals (in which a rise ii cytosol. receptor content occurs 

at that time). Microsomal receptors could have various roles: 

a) modulation of steroid access to nuclear binding sites; b) formation 

of functional complexes which diffuse to ~ther extranuclear sites 

to alter non-genomic celluiar·processes; c) regulation of nuclear 

concentration of steroid-receptor complexes by virtue of producing 

microsomal acceptor sites for uptake of free or loosely-associated 

nuclear complexes, previously thought to exist in the cytoplasm. 

Microsomes could be the site of antisteroid receptor as well as 

steroid receptor localization. Antagonists of sex hormone action 

could act at this level to control biological responses induced by 

steroids in target tissues. Furthermore, antisteroids can be used 

as a tool for further description and characterization of microsomal 

bound forms of steroid receptors as· opposed to classical soluble 

cytosolic forms that are present ia target cells. Microsomal 

receptors could also be important in the study of the mechanism of 

5 



control of nuclear steroid receptor complex dissociation and recycling 

and the multiple ways through which antisteroids may act at the 

intracellular level. 

This thesis is focused on the study of the nature and properties of 

a microsomal receptor in a typical target tissue for androgens, i.e., 

ventral prostate, in order to characterize this binding protein as a 

new level of regulation of steroid action in the intact cell. 

6 



REVIEW OF RELATED LITERATURE 

Early models of steroid action in target cells 

Steroid hormones control complex sets of events involved in 

cell growth, division and differentiation, as well as in physiological 

responses to diverse stimuli. These small molecules, through binding 

to specific intracellular ~eceptors, coordinate the components of 

behavioral and physiological repertoires by activation or repression 

of gene networks. 

The early experiments of Jensen and Jacobson (1960) showed that 

greater accumulation of hormone in target tissues resulted from the 

ability to retain steroid rather than simply from a difference in uptake 

of the hormone. It was then suggested that steroid binds to its 

receptor in the cytoplasm of target cells (Noteboom and Gorski, 

1965; Gorski et al., 1968) and the steroid-receptor complex is then 

translocated into the nucleus (Jensen et al., 1968;,Stumpf, 1968). This 

"two-step" model was based on evidence obtained in homogenized cell 

preparations in which free receptor is associated with the cytosol, 

whereas steroid-bound receptor is associated with the nuclear fraction. 

An 'equilibrium' model, later proposed by Williams and Gorski (1972), 

suggested that the process by which the steroid-receptor complex is 

transferred to the cell nuclei is very rapid and readily reversible in 

intact cells; that is, the cytosol and nuclear binding sites are in a 

rapidly reversible equilibrium. Binding of the hormone would shift this 

7 



equ~librium such that a large percentage of the filled binding sites 

become associated with the nuclear fraction. However, this model was 

insufficient to explain free nuclear receptors which had already been 

described (Zava and McGuire, 1977). Sheridan et al. (1979) described a 

'distribution' model in which unbound receptor is in equilibrium between 

nuclei and cytoplasm according to the relative free water content of 

these intracellular compartments·. Homogenization in buffer would 

increase the water content of the non-nuclear compartments. To re

establish equilibrium, much of the nuclear receptor would have to enter 

the cytosol. 

Walters et al. reported that, contrary to classical steroid hormone 

receptors, un6ccupied 1, 25-dihydroxyvitamin n3 receptors appear within 

the nucleus upon hypotonic homogenization (Walters et al., 1980, 1981). 

These authors proposed an 'affinity' model by which receptor 

distribution between cytosol and nuclei depends on a dynamic equilibrium 

among receptor concentration, relative affinity for nuclear components 

and compartment volumes. Unoccupied receptor forms would be more 

loosely bound to DNA/chromati-n in vivo or· in vitro than occupied 

receptors. Occupied and/or transformed receptors should demonstrate, 

according to this 'affinity' model, higher affinity for nuclear 

components and be less readily solubilized from the nuclei in vitro 

(Walters et al., 1981). 

The subcellular di~tr~bution of unocc~pied steroid receptor was 

later studied by Welshans et al. (1984) using cytochalasin B-induced 

enucleation to obtain cytoplast and nucleoplast fractions from receptor

containing GH3 cells derived from rat pituitary tumors. Cytoplasts 

prepared from GHa cells contained. little steroid binding activity and 

8 



most of the unfilled steroid receptors were associated with the nuclear 

fraction. Further evidence gathered by King and Greene (1984) using 

immunocytochemical techniques with monoclonal antibodies to the 

receptors ~ndicated also that both cytosol and nuclear forms of the 

receptor protein actually reside in the.nuclear compartment. It 

is not known where in the nucleus these unoccupied receptors are 

found (nucleoplasm, matrix (Barrack and Coffey, 1980), random 

chromatin association, or specific chromatin association). Acceptance 

of this view necessitates that the terms 'translocation' and 

'replenishment' be redefined as a function of the extent of high

affinity binding to chromatinic components, but does not compromise 

the significance of measurements·made with isolated subcellular 

compartments. 

Intracellular Receptor Distribution and Dynamics 

Results obtained from the estrogen.receptor system in the rat 

uterus have shown that the nuclear receptor follows a temporal pattern 

9 

of accumulation-retention and the cytosolic receptor behaves with a 

parallel pattern of depletion-replenishment after in vivo stimuli 

(Katzenellenbogen et al., 1980). Maximal nuclear receptor levels were 

achieved within 1 h after steroid exposure, during which time the 

translocation of the cytosolic receptor is nearly complete (Gorski and 

Gannon, 1976). However, the replenishment in the cytosol was slow, 

requiring 11-16 h for the receptor levels to return to control values 

(Kassis and Gorski·, 1981). Six h after injection, the cytosolic estrogen 

receptor levels account for well below 25% of the total binding of the 

cell, while only about 30% of total bound estrogen is localized to the 

nucleus. This loss of total receptor binding capacity has been called 
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'processing' (Horwitz and McGuire, 1978). 'Processing' may be due to 

inhibition of synthesis, increased degradation or slo~ recycling of the 

receptor from the nuclear compartm~nt into the cytoplasm. After steroid 

stimulation and a subsequent wave of increased receptor synthesis, the 

target cell could be 'turned off': · no· fu-rthe:r active forms of the 

receptor apP,ear and de ·_-.novo synthesis· of receptor is now inhibited. The 

apparent loss of binding protein.could also b~-due to a change i~ the 

receptor to a form that cannot bind steroid, or to a form in which bound 

steroid is no longer exchangeable·with 3H-st~;oid in the assay media. 

Alternatively, increased act1vity of specific protease enzyme families 

could explain increased losses of receptor by degradation of binding 

protein in Vivo. The disappearance of nticlear receptors without an 

appearance tif receptors in the cytoplasm may also be due to recycling of 

the receptor complex after it has been retained in the nucleus, a st~p 

necessary for induction of biological response. Replenishment includes 

. then two processes: the increase in receptor content and the 

replenishment of the original receptor. The ultimate fate of the 

nuclear receptors remains unknown. 

There have been only a few studies on the ~ynamics of the androgeh 

·receptor in .the rat ventral prostate. It was shown (Van Doorn and 

Bruchovsky, '1978) that, after the in vivo administration of 3M

testosterone, the accu~ulation of the receptor. in the nucleus is more

pronounced in 1-day than in 7-day castrated animals. The high amount 

·of receptor recovered in the nuclei by Van.Doorn and Bruchovsky (1978) 

could be due to rapid de novo synthesis.of receptor in vivo (Blondeau 

· .et al .. 1982: ·Traish et al., 1984). Moreover, Boesel et al. (1980) 

reported that nuclear receptor accumulation does not involve a depletion 



of occupied cytosolic receptors, suggesting to them that nuclear 

androgen receptors are -not derived from components which diminish 

cytosolic androgen receptor content. 

In addition to cytosolic and nuclear receptor proteins, early 

work from several groups demonstrated specific retention of steroid 

hormones within the microsomal fraction of tissue homogenates (Noteboqm 

and Gorski, 1965; King et al., 1965). A microsomal androgen receptor 

has been reported in the rat ventral prostate (Robel et al., 1974). 

Microsomal receptors have also been described in the estrogen receptor 

system of the rat uterus (Cidlowski and Muldoon, 1978), and in the 

glucocorticoid and progesterone receptor systems of rat liver (Drangova 

and Feuer, 1980; Ambellan et al., 1981). 
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In an analysis of subcellular distribution of estradiol in castrate 

rat uterine cells at intervals after administration of radiolabeled 

estradiol (Cidlowski and Muldoon, 1978), it was observed that nuclear 

estrogen receptor content diminished sharply between 3-5 hours with a 

concomitant rise in microsomal receptor levels, suggesting a role for 

the endoplasmic reticulum membrane system as a conduit, shuttling 

steroid-receptor complexes to and from nuclear sites. Assessment of 

4-mercuriestradiol as an affinity-labeling agent for the estrogen 

receptor revealed that this compound is highly estrogenic through a 

mechanism independent of interactions with nuclear chromatin components 

of the target cell (Muldoon, 1971, 1980). When the subcellular 

distribution of radiolabeled 4-mercuriestradiol following its 

administration in vivo was analyzed in the uterus of immature or 

ovariectomized rats, a rapid, elevated and prolonged association of this 

compound with the microsomes was observedi relative to the interaction 



of estradiol with this fraction (Muldoon, 1980). These results 

suggested that extranuclear sites of action, particularly areas 

associated with translational processes (Talwar et al., 1965; Berg and 

Gustafsson, 1973; Sunshine et al., 1971; Blyth et al., 1972; Liang and 

Liao, 1974; Liang et al. , i977) are- involved in the response of the 

cell to steroid hormones. 
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Previous work from this laboratory has shown. that the recovery of 

cytoplasmic androgen receptor levels following depletion by androgen 

administration is remarkably fast (Steinsapir et al., 1985). Complete 

replenishment occurs within 3-4 h, approximately one-fifth the time 

required for a similar degree of-reappearance of rat uterine estrogen 

receptors after estrogen administration,(Sarff and Gorski, 1971; 

Cidlowski and Muldoon, 1974). In estrogen target tissues common to both 

sexes (i.e., anterior pituitary and hypothalamus), estrogen receptors of 

the male replenish much more rapidly than do those of the female; this 

sex-linked difference is not seen in the immature animal, suggesting 

that androgens might be involved in its phenomenology (Cidlowski and 

Muldoon, 1976)! The existence of rapid dynamics in another responsive 

tissue and another steroid receptor system of the male rat, i.e. the 

ventral prostate, suggests that this pattern is a general occurrence 

in the male. 

Cytosol androgen receptors of the rat ventral prostate are 

depressed for at least 4 days following castration (Baulieu and Jung, 

'1970; Mainwaring and Mangan, 1973) and the levels recover 4-6 days later 

(Sullivan and Strott, 1973). Estrogen receptor levels, on the other 

hand, remain quite high at all intervals following castration (Korach 

and Muldoon, 1974), and the differences in these sex-related 



quantitative changes ~re likely to be the result of differential 

endogenous proteinase activity. The rapid turnover of the cytosol 

androgen receptor in response to androgen is accompanied by a rapid and 

extensive processing of nuclear recepto~ (Steinsapir et al., 1985), a 

phenomenon which has been proposed to involve protease inactivation 
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of excess nuclear complexes which are not involved in chromatin 

interactions (Horwitz and McGuir~, 1978). A steroid-induced 

augmentation of proteinase degradation of estrogen -or androgen receptors 

would be consistent with this set of observations in these different 

systems. 

It has also been shown that the degree of nuclear receptor loss 

increases with increasing dosage of testosterone (Steinsapir et al., 

1985). Such an action would be an efficient mechanism for limiting 

cellular androgen receptor levels to concentrations consistent with 

sensitivity to circulating hormone titer. Relative to the low and 

fluctuating levels of circulating estrogens in the female, testosterone 

in the male is consistently present at levels sufficient to saturate 

available receptors (Robel et al., 1974). -Since estradiol is known to 

protect its receptors from degradation, maintenance of a sensitive range 

of receptor concentration is a simple consequence of changes in estrogen 

level. However, such control does not exist with chronic higher androgen 

levels, and it may well be that a negative effect of androgens on their 

own receptor levels has arisenas a regulatory mechanism to maintain a 

homeostatic receptor population. This pattern is imprinted at an early 

age in the rat, since neonatal androgenization reverses the female 

pattern of estrogen receptor dynamics in the anterior pituitary and 

hypothalamus to that of the male- (Cidlowski and Muldoon, 1976). 
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Properties of Membrane-Bound Steroid-Receptors 

It has been shown that, at very low concentrations, testosterone 

significantly increases the activity of the (Na+-K+)-dependent ATPase in 

prostatic microsomes, in a tissue-specific manner (Farnsworth, 1968) .. 

Prostatic microsomal membranes showed high affinity for testosterone, 

suggesting the presence of specific hormone receptors within these 

particles (Farnsworth, 1968, 1972). No attempt was made to discriminate 

whether the binding sites for androgens were associated with plasma 

membranes or with endoplasmic reticulum, both of which ~ri present in 

the microsomal preparations used by this· authors (Farnsworth, 1972). 

Other groups have reported the pres~nce of estrogen receptors in 

uterine and livei plasma membranes, using cells isolated from uteri 

or liver of ovariectomized rats (Pietras and Szego, 1979, 1980),.and 

glucocorticoid receptors in plasma membranes of ~at liver (Suyemitsu and 

Terayama, 1975). However, evidence has been presented indicating 'that 

the small amount of binding sites associated with plasma membranes 

represents cytosol receptor contamination (Muller et al., i979). Serial 

dilutions of uterine homogenates with maintenance of the microsomal 

estrogen binding activity and washing of the isolated particulate 

fractions with retention of binding properties observed in crude 

microsomal preparations has indicated that microsomal membranes of rat 

uterus contain steroid binding sites indigenous to these membranes 

(Watson and Muldoon, 1985). 

Jungblut et al. have identified 'basic' 3.58 and 'acidic' 4.58 

microsomal estrogen receptor forms in pig uterine microsomal extracts, 

which appear to be biosynthetically developing species of the mature 

receptor molecule (Little et al., 1972, 1973, 1975). Work from other 
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groups using intact adult rat homogenates as source of microsomal 

membranes, indicated that levels of estrogen specific binding activity 

associated with this subcellular fraction were identical using dextran 

coated charcoal or protamine sulfate to separate free from protein-bound 

steroid (Watson and Muldoon, 1985). This phenomena indicated that all 

specific binding sites were localized to a single population of acidic 

proteins. It may be pertinent that protease inhibitors were included in 

the buffers in this latter study, but not in those from Jungblut's group 

{Little et al., 1972, 1973, 1975). 

The sensitivity of these microsomal acidic proteins to salt and 

detergents may vary according to species-specific differences. Parikh 

et al. 1980) reported that microsomal calf uterine estrophiles are 

resistant to detergent-induced solubilization, in contrast to rat 

uterine tissue. Rat uterine microsomal estrophiles are readily 

extractable with KCl-free hypotonic buffer or with 0.4 M KCl, but are 

resistant to extraction by 0.15 M KCl (Watson and Muldoon, 1985). 

Robel et al. (1974) were unsuccessful in their attempts to elute the 

binding protein from microsomal membranes of rat ventral prostate with 

high salt buffers. 

It has also been shown in the estrogen receptor system that, after 

washing and exhaustive extraction of microsomal binding sites, uterine 

microsomes are capable of accepting cytosol estradiol-receptor complexes 

to a level corresponding to the concentration of depleted binding sites, 

regardless of the amount of receptor presented to them (Watson and 

Muldoon, 1985). This suggests a role for microsomal receptors as a 

repository of specific steroid-binding sites and as a putative initial 

site of interaction of a steroid hormone in .a target cell. 



Dissociation rate kinetic studies indicated that, in the estrogen 

system, steroid microsomal complexes were 4 times as stable as cytosol 

estrogen-receptor complexes (Watson and Muldoon, 1985), in spite of 

apparently similar equilibrium dissociation constants. Since the Kd 

of high affinity binding systems depends· primarily on the rate of 

dissociation (Aranyi, 1979), this discrepancy indicates that simple 

second order association and first order dissociation kinetics are not 

sufficient to describe the binding in this subcellular compartment. 
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The failure of the ratio of the rate constants to concur with the 

results obtained from equilibrium analyses appears to be the rule rather 

than the exception (Wilson and French, 1976) in dealing with steroid

protein interactions. 

Cytosol and Nuclear Receptors: Structure and Function 

Despite much work and.significant progress on the stabilization, 

purification and structural analyses of steroid receptors extracted from 

mammalian tissues, the riative state sti~1 remains largely unknown. 

Receptors for a single class of steroids from the same tissue have been 

detected in various molecular forms and at least two functional states: 

inactive and active. They are distinguished by differences in the 

affinity of the receptor for steroids, size and shape, and in the 

affinity of the steroid-receptor complex for nuclei, DNA and ionic resins. 

The unactivated steroid-receptor complexes are detected in 

cytoplasmic extracts (cytosols) of cells or tissues incubated with 

steroid at low temperature and low ionic strength. These complexes are 

characterized by low affinity for nuclei, chromatin, DNA, or anionic 

resins such as DNA-cellulose or ATP-agarose, and high affinity for 

cationic resins such as DEAE-cellulose or DEAE-agarose (Dahmer et al., 



1984; Grody et al., 1982; Schmidt and Litwack, 1982). The activated 

state, defined as the acquisition of high affinity for nuclei, DNA and 

anionic resins, is effected by warming cells that were incubated in the 

cold with steroid (Munck and Foley, 19.79, 1980; Wira and Munck, 1974), 

or by various manipulations of steroid-containing cytosols, such as 

prolonged storage, dilution, gel filtration~ warming, exposure to salt 

or precipitation by ammonium sulfate (Grody et al., 1982; Schmidt and 

Litwack, 1982i Jensen et al., 1968; McBlain et al., 1981). 

Diverse mechanisms of activation have been proposed. These 

include: a conformational change without a change in mass (Bailly 

et al., 1980), dimerization of the receptor or association with a 

nonsteroid-binding protein (Notides and Nielsen, 1974; Notides et al., 

1981), dissociation of an oligomeric receptor (Holbrook et al., 1983; 

Vedeckis, 1983; Yang et al., 1982; Sherman and Stevens, 1984), 

dissociation of macromolecular or low-molecular weight inhibitors (Noma 

~tal., 1980; Bodine and Litwack, 1988), proteolysis (Puca et al., 

1977), or dephosphorylation (Dahmer, 1984; Nielsen et al., 1977). 
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The androgen receptor has been reported to be an 8-9S, 85 to 106A 

protein (Mr = 280~000 to 365,000; f/fo = 1.9 to 2.4), as observed in 

unfractionated cytosol prepared in low ionic strength buffer (Wilson and 

French, 1979). This receptor form is in equilibrium with a 4.5S, 58A 

form (Mr = 117,000; f/fo = 1.8) observed at salt concentrations greater 

than 0.1 M KCl (Wilson and French, 1979). This smaller form of the 

androgen receptor binds to nuclear matrix isolated from rat Dunning 

prostate tumor with properties similar to those reported for androgen 

receptor binding in intact nuclei (Colvard and Wilson, 1984a, 1984b), 

with respect to potentiati-on by Zn ++, temperature dependency and h.igh 



18 

affinity. The nontransformed 8-98 androgen receptor has been proposed 

to be composed of the 4.58 steroid binding units plus a nonsteroid 

binding protein, perhaps in a tetrameric configuration (Wilson et al., 

1986). The nonsteroid binding protein could be a previously described 

"88 promoting factor" which is able to inhibit the binding of the 4.58 

androgen receptor to isolated nuclei (Wilson, 1985). This regulatory 

factor has been purified and found to be a protein of an apparent Mr of 

170,000. Binding of dihydrotestosterone would promote transformation 

(8-98 to 4.58) by subunit dissociation through a mechanism that involves 

disulfide bond reduction. This phenomenon could also be involved in the 

mechanism of action of molybdate (Kay and Mitchell, 1968; Weathers et 

al., 1979) and zn++ (Nielson et al., 1985), which have similar effects 

on the formation and maintenance of the oligomeric form of the androgen 

receptor (Wilson, 1985; Gaubert et al., 1980). Molybdate inhibits salt

induced activation of the androgen--receptor to the DNA-binding state 

(Grino et al., 1987). 

The mechanisms of activation of androgen receptors by heat 

treatment (Sato et al., 1980) seem to require the presence of steroid. 

Low molecular weight inhibitors of activation may be dissociated by 

high temperatures from the receptor through a conformational change 

induced by steroid binding to the· receptor (Sato et al., 1980). The 

mechanisms of salt or heat-induced activation of steroid receptors could 

be different in the same steroid receptor system (Sato et al., 1980; 

Kyakumoto et al., 1984). 

Steroid hormone receptors appear to belong to a superfamily of 

regulatory proteins which possess three functional domains: hormone 

binding, DNA binding and the ami-no· terminal domain (Evans, 1988). The 
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DNA binding region is within the highly conserved central core of the 

protein and is rich in cysteine residues. The amino terminal region is 

hypervariable in size and amino acid composition among steroid receptors 

and is required for maximum activity~ The steroid hormone binding 

do~ain, closer to the carboxy terminal region of the receptors, is 

moderately conserved among species (Krust et al., 1986). This feature 

may reflect a common overall structure, creating a hydrophobic pocket 

which contains the steroid binding site whose specificity would reside 

in some of the non-conserved amino acids. The secondary structure 

prediction for this region suggests a domain primarily consisting of 

a helices and p strand, a structure mix typical in known tertiary 

structures which form hydrophobic pockets (e.g. NAD-binding domains and 

dehydrogenases, Rossman et al., 1974; Krust et al., 1986). A "hinge" 

region separates the steroid and· DNA-binding domains. When the steroid 

binds to the receptor, the DNA-binding region becomes more exposed; in 

addition, the molecule gains a greater net positive surface charge 

(Milgram et al., 1973; Muldoon and Evans, 1988) which further augments 

its affinity for negatively charged DNA. The receptor-hormone complex 

then binds to its DNA response element in the promoter region of the 

target gene. It is this binding that leads to modulation of gene 

expression (Maxwell et al., 1987; Evans, 1988). 

Another mechanistic insight into the process of activation has been 

provided by mutation studies: the loss of a portion of the hormone

binding region of the glucocorticoid receptor engenders a constitutively 

active molecule (Hollenberg et al., 1987; Godowski et al., 1987). 

Therefore, neither the steroid-binding domain nor the steroid hormone 

itself is needed.for DNA binding or transcriptional enhancement. 
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Instead, it seems that the hormone-binding region normally prevents the 

domains for DNA binding and transcriptional activation from functioning, 

and addition of hormone relieves this inhibition (Becker et al., 1986; 

Wellman and Beato, 1986). 

Complementary DNAs ( cDNAs )- encoding androgen receptors have been 

obtained from human testis and rat ventral prostate eDNA libraries 

(Chang et al., 1988). The amino acid sequence deduced from the 

nucleotide sequences of the cDNAs indicated the presence of a highly 

conserved cysteine-rich DNA-binding domain. The human eDNA was 

transcribed and the RNA product was translated in cell-free systems 

to yield a 76-kilodalton protein with- biochemical and immunochemical 

properties indistinguishable from the androgen receptor (Chang et al., 

1988). The androgen receptor gene is localized in the human X 

chromosome, between the centromere and q13 (Lubahn et al., 1988). 

Little is known about the role of chromatin proteins in the way in 

which ligand-responsive transcription ~actors like receptors interact 

with specific DNA sequences. Nuclear. associated proteins may control 

the acceptor function of chromatin. Binding of androgen receptor 

to prostatic chromatin requires intact linker DNA (Rennie,. 1979), 

suggesting that the androgen receptor-complex bfnds to the 

internucleosomal regions. However, an alternate interpretation of 

the data is that the binding sites are on the nucleosome bodies and that 

any digestion of linker DNA alters their conformation resulting in 

release of a distal receptor. Salt soluble (0.4-0.6 M KCl) as well as 

salt-resistant non-histone chromatin proteins having the ability to bind 

androgen receptor complexes have been described in ventral prostate 

(Wang, 1978; Lesser and Elliot, ·1981).· Salt-resistant sites have been 



associated with the nuclear matrix ~f the prostate (Barrack and Coffey, 

1980; Davies, 1983). 

The nuclear matrix_, a residual framework skeleton of the nucleus 

which represents only 10% of the nuclear proteins, contains over 60% 

of the nuclear androgen and estrogen binding sites, when examined in 

prostate and uterus, respectively (Barrack and Coffey, 1980). The 

nuclear matrix contains fixed sites_ for DNA replication (Pardoll et 
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al., 1980; Barrack and Coffey, 1982, 1983) and it is also involved in 

hnRNA synthesis and processing. Nuclear proteins are believed to be 

critical factors involved in regulating higher order structure and 

function of DNA and in organizing nuclear components. The importance of 

DNA-non histone protein complexes in receptor-acceptor interactions has 

been demonstrated (Spelsberg et al., 1983), yet there is very limited 

information on the role of specific nuclear proteins in this process. 

The nuclear matrix of specific target tissues contains acceptor 

sites for steroid-receptor complexes (Barrack, 1983). It is still 

not clear if these acceptors consist of DNA, protein, RNA or some 

combination of these (Davies and Thomas, 1984)·. Isolated reports have 

shown that certain polyribonucleotides, such as poly (U,G) promoted the 

release of androgen receptor complexes -from prostatic DNA, suggesting 

that steroid receptor complexes may have higher affinities for certain 

types of RNA than for DNA (Liao et al., 1980). This phenomenon was also 

described for rat uterine estrogen and progesterone-receptor complexes 

and rat liver dexamethasone-receptor complexes (Liao et al., 1980). 

Using a DNA cellulose competition assay (Mulvihill et al., 1982), Perry 

et al. (1985) tested for the presence of specific androgen receptor 

bindi~g sites within and adjacent to genomic sequences of the androgen-



dependent c3 gene, a subunit of prostatic binding protein (prostatein). 

Their results indicated that androgen receptors bind preferentially to 

two regions of the c3 gene; a 500 base pair intervening sequence (Sc 

0.5 Kb) and a 300 base pair (Sc 0.3 Kb) portion of the 5' flanking 

sequences. Since ·several consensus binding sequences with variable 

homology were found in th~ Sc 0.5 Kb and Sri 0.3 Kb subclones, they 

concluded that multiple receptor-DNA interactions may regulate gene 

transcription through proce~ses involving alterations in chromatin 

conformation. 

Nuclear and Extranuclear Actions of Steroids 

Androgens control multiple transcriptional and posttranscriptional 

events in target tissues. An enhancement of RNA synthesis observed 

shortly after hormone administration is a common expression of the 

physiological action of the hormone in a sensitive tissue (Williams

Ashman and Reddi, 1971). The stimulation of RNA synthesis observed 

after hormone administration could result fiom actions at any of the 

following levels: chromatin template activity or capacity, RNA 

polymerase activity, RNA transport from nucleus to cytoplasm, pool size 

of RNA precursors, or turnover rate of different RNA species (Tata, 

1966; Burdon, 1971; Minguell and Sierralta, 1975)~- A stimulatory 

effect of androgens on RNA synthesis_has been reported in:rat ventral 

prostate (Williams-Ashman and Reddi, 1971; Mainwaring et al., 1974; 

Liao, 1968), seminal-vesicle (Wicks and Kenney, 1964), mouse kidney 

(Dubovsky and Kochakian, 1973), submaxillary gland (Chretien, 1972), 

muscle (Fiorini, 1970), chick oviduct (Palmiter and Haines, 1973) and 

bone marrow (Minguell et al., 1971). 

Testosterone can increase the template activity of prostatic 
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chromatin, resulting in an increased synthesis of ribosomal-type RNA of 

nucleolar or perinucleolar origin (Liao, 1965). Androgenic steroids 

also stimulate polyribosome and poly (A)-rich mRNA synthesis (Mainwaring 

et al., 1974). The major effect of testosterone appears to be the 

regul~tion of the abundance of specific RNA sequences (Parker and 

Mainwaring, 1977). Many investigators have also shown specific 

androgen-dependent increases in mRNA for a protein (also called 

prostate-binding protein) (Chen et al., 1982; Parker et al., 1980; 

Peeters et al., 1980) and spermine-binding protein (Liang et al., 1978; 

Hiipakka et al., 1984) in the rat ventral prostate, for a2-globulin 

in the rat liver (Roy et al., 1983) and for secretory proteins in rat 

and guinea pig seminal vesicles (Ostrowski et al., 1982; Moore et al., 

1984). At the same time, androgens can. suppress the synthesis of mRNA 

for specific proteins in target tissues (Saltzman et al., 1987). 

Moreover, castration induces derepression of several genes in rat 

ventral prostate, which code for 45 Kda, 40 Kda and 29 Kda proteins 

in this system (Saltzman et al., 1987; Montpetit et al., 1986). 

Complementary eDNA's encoding for a kidney androgen regulated 

protein (KAP), for kidney ~-glucuronidase and ornithine decarboxylase 

and for a major urinary protein of the mouse have been identified and 

their activity shown to be regulated by androgens through the androgen 

receptor (Toole et al., 1979; Catterall et al., 1986; Hastie et al., 

1979). The effects of androgens seem to occur at the levels of 

initiation of transcription as well as stabilization of the messages 

for these proteins (Catterall et al., 1986). 

Androgens are also able to increase activities of RNA polymerases I 

and II in a specific manner (Davies and Griffiths, 1973; Mainwaring et 



al., 1971). The question remains open whether testosterone activates 

RNA polymerase activities djrectly or via production of polyamines 

(Caldarera et al., 1968). Few data. are available to show how androgens 

might alter nucleotide-synthesis a-nd pool size of RNA precursors in 

androgen-sensitive tissues. ·castration derireases the amount of total 

kidriey nucleotides and testosterone reverses·the castration effect 

(Kochakian and Hill, 1966 )-. In seminal vesicles from castrated rats, 

testosterone significantly stimulates 32P incorpo~ation into acid

soluble purine and pyrimidine nucleotides (Wicks and Kenney, 1964). 

RNA maturation and processing may be another level of action of 

androgens in target cells. rRNA and mRNA precursors associated with 

specific nuclear proteins forming ribonucleoprotein (RNP) complexes 

(nascent pre-rRNP or pre-mRNP, respectively) could be protected from

nuclease-mediated degradation and play a role in the nucleus

cytoplasmic transfer of RNA. Testosterone has been shown to increase 

cytoplasmic ribonuclease activity in bone marrow (Sierralta et al., 

1974) and decrease it in ventral prostate of castrated rats (Parsons et 

al., 1970). These effects could be mediated through the fo~mation of 

specific androgen-receptor complexes, since association of androgen

receptor complexes with RNP particles has been shown (Rowley et al., 

1986). This phenomenon is also observed with uterine 17P-estradiol

receptor complexes, which can be found associated with 

ribonucleoprotein, in vitro and in vivo (Liang and Liao, _1974). 
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Androgens also function to regulate protein synthesis. One of the 

most rapid effects of androgens on protein synthesis is an increase in 

the capability of a cytosol protein synthesis initiation factor to 

promote [35s] Met-tRNAfMet binding to prostatic ribosomes (Liang et al., 



1977; Liang and Liao, 1975). This effect is blocked by antiandrogens 

but not by Actinomycin D, suggesting a receptor-mediated event without 

nuclear involvement (Liang et al., 1977; Liang and Liao, 1975). 

Steroids also control other steps of protein synthesis in target 

tissues. Administration of 17~-estradiol to ovariectomized mature 
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rats for 1 h induces an increased capacity of subsequently isolated 

uterine ribosomes to synthesize protein in a cell-free protein synthesis 

system (Whelly and Barker, 1974, 1982). The increased rate of protein 

synthesis can be ascribed to an. effect of estrogen on the rate of 

peptide elongation rather than synthesis of additional new peptides. 

This estrogen-induced response is insensitive to prior administration 

of actinomycin D (Whelly and Barker, 1974, 1982). A number of reports 

by several groups on posttranscriptional actions of androgens can be 

correlated with the previously described effects of these steroids on 

protein synthesis and translational activity of the target cell. Talwar 

showed that stimulation of chicken comb growth by androgen could not be 

blocked by Actinomycin D (Talwar et al., 1965). Another androgen effect 

which did not involve DNA-dependent synthesis of RNA is testosterone

induced increase in oxidative metabolism of prostatic cells, as 

measured by increases in NADH concentration of the prostatic cell 

(Ritter, 1966). Rapid degranulation of the endoplasmic reticulum in 

seminal vesicle and vas deferens has been observed after castration of 

a male rat (Szirmai and Linde, 1965), a.process also described after 

cortisol administration in the liver cell of the adrenalectomized rat 

(Rancourt and Litwack, 1968). Testosterone-induced increase in mouse 

kidney arginase activity is blocked by cycloheximide but not by 

Actinomycin D (Frieden and Fishel, 1968). One of the most convincing 



cases of an action of steroid hormone insensitive to inhibitors of RNA 

synthesis is the observation tha~ certain progesterone-dependent events 

(such. as protein synthesis) in oocyte maturation in amphibians are not 

only insensitive to Actinomycin D, but can actually occur in enucleated 

oocytes .(Schwetz, 1974; Smith. and Ecker, 1971). 
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Some consideration of androgen action on DNA synthesis is warranted 

here. RNA synthesis independent effects of androgens on the growth 

of the· cock's comb (Talwar et al., 1965) are mainly due to cell 

hypertrophy, without changes in cell number. The enlargement of male 

accessory genital glands such as the prostate which occurs after 

continual treatment of adult castrates with testosterone is more 

complex. This growth involves not only hypertrophy of the epithelial 

cells, but also formation of secretory. products and their retention in 

the glandular acini, and hyperplasia of various cellular elements, 

reflected by an increase in mitotic figures in the epithelium and 

augmentation of the total amount of prostatic DNA. These events can 

be correlated with reported increases in DNA polymerase activity of 

ventral prostate cells after testosterone exposure (Coffey et al., 

1968). In castrated rats, no mitotic activity is observed, either in 

prostate or in seminal vesicle. However, when testosterone is injected, 

the induction of the mitotic index is of limited duration; thus, 

testosterone provokes an early cell proliferation and a later 

differentiation. When this stage is reached, continued hormonal 

treatment no longer increases proliferative activity (Coffey et al., 

1968; Morley ·and Wright, 1972). 



MATERIALS AND METHODS 

Animals · 

Male rats were obtained at 120 days of age (400-440 g body wt.) 

from Holtzman (Madison, Wisconsin) and allowed a 5 day period of 

acclimatization to a 14 h - 10 h light-dark cycle at a temperature of 

72°F. Rats were fed with lab chow (Wayne) and tap water ad libitum. 

Surgery 

Bilateral orchidectomy was performed in all cases through the 

scrotal route under ether anesthesia 24 h before each experiment. 

Preparation of buffers 

Most experiments used a TEDMGP buffer, pH 7.4 at 4°C, which 

contained 10 mM Tris base (Sigma), 1.5 mM disodium EDTA (Fisher 

Scientific), 0.5 mM dithiothreitol (Sigma), 10% (v/v) glycerol 

(Fisher Scientific), 10 mM sodium molybdate (Sigma) and 1 mM 

phenylmethylsulfonylfluoride (PMSF). The use of molybdate and 

PMSF are necessary to stabilize the androgen receptor and minimize 

proteolytic breakdown (Wilson and French, 1979; Gaubert et al., 1980). 

In some experiments glycerol. was replaced by 8.5% (w/w) sucrose 

(TEDMSP), or molybdate or PMSF was omitted. 

Steroids and reagents 

General chemicals (reagent grade) were obtained from either Fisher 

Scientific or Sigma Chemical Company. Hydroxylapatite (Bio-gel HTP; 

HAP) was from Bio-Rad (Richmond, California). Dextran-coated charcoal 
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(DCC) was prepared with Norit A (0.5%; Amend Drug and Chern. Co., 

Irvington, New Jersey) and Dextran (0.05%; Nutritional Biochem. Co., 

Cleveland, Ohio). DNA cellulose (double stranded, from calf thymus) and 

cellulose were from Sigma. Glass distilled water was used throughout 

for the preparation of all solutions. 

Radioinert 5a-dihydrotestosterone, testosterone, estradiol, 3~

androstanediol, progesterone and cortisol were from Steraloids (Wilton, 

New Hampshire) and radioinert dimethylnortestosterone (7a, 17a-dimethyl-

19-nortestoste.rone, DMNT) was from Amersham, Searle (Arlington, Illinois). 

RU23908 {5, 5-dimethyl-3-(4-nitro-3-(trifluoromethyl)phenyl)-2, 4-

imidazolidinedione, AnandronR) was from Roussel-UCLAF, Paris, France. 

Hydroxyflutamide (2-hydroxy-2-methyl-N-[4~nitro-3-(trifluoromethyl) 

phenyl]-propanamide, SCH-16423). was from Sobering Corp., Bloomfield, New 

Jersey. Cyproterone acetate (6a-chloro-17a-hydroxy-1a, 2a-methylene-

4,6-pregnadiene-3,20 dione-17-acetate) was from Sobering A G, West 

Berlin, Federal Republic of Germany. 

3H-dimethylnortestosterone (7a, 17a-dimethyl-19-(17a-methyl-3H] 

nortestosterone; 88 Ci/mmole) was purchased from Amersham, Searle 

(Arlington, Illinois). This synthetic androgen, dimethylnortestoste~one, 

was selected for its· high affinity for the androgen receptor, low 

progesterone receptor binding activity, high biological activity and 

failure to be aromatized or reduced in target tissues for androgens 

(Liao et al., 1973; Traish et ali, 1986a, 1986b). 

Tissue preparation and subcellular fractionation 

Animals were sacrificed by decapitation and individual ventral 

prostates were collected over dry ice, rinsed and minced with scissors 

prior to homogenization in TEDMGP by three 15-s bursts and 30-s cooling 



periods, with a Polytron-PT 10 homogenizer (set 4), at a tissue/buffer 

ratio of 550 mg/ml (approximately 1 ml/prostate). The homogenate was 

centrifuged at 800 xg for 20 min. The nuclear pellet was washed three 

times with homogenization buffer devoid of EDTA, and resuspended by 12 

strokes of a Dounce homogenizer (pestle B) at a tissue/buffer ratio of 

550 mg/ml to yield the source of nuclear binding activity. EDTA was 

omitted because it has been reported to increase nuclear envelope 

breakdown (Davies et al., 1980; Noll et al., 1975). The supernatant 

(cytoplasm) was centrifuged at 11,000 xg for 15 min and the pellet was 

rinsed with 1 ml of homogenization buffer and resuspended (550 mg/ml) 

by 3 to 4 strokes of a Dounce homogenizer (pestle B) to yield the 

mitochondrial source of binding activity. The postmitochondrial 

sQpernatant was routinely centrifuged for 60 min at 223,000 xg to yield 

the cytosol and the microsomal pellet. Microsomal pellets were rinsed 

with 1 ml of homogenization buffer to remove cytoplasmic contaminants 

and resuspended in this buffer or alternatively washed by resuspension 

(at 550 mg/ml) in homogenizati6n buffer, centrifugation at 223,000 xg 

for 1 h and reconstitution at the same tissue/buffer ratio. Microsomal 

membrane suspensions were gently rehomogenized by 3 or 4 strokes of a 

Dounce homogenizer (pestle A) to yield the source of the microsomal 

binding activity. 

Binding Assays 

Isolated subcellular fractions (microsomes, cytosol, nuclei, 

mitochondria) from 24 h castrated male rat ventral prostate homogenates 

were used as source of saturation binding analysis. Equilibrium 

association binding constants (Ka) and concentration of binding sites 

(Bmax) were determined after separation of bound and unbound steroid 
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and Scatchard analysis of the data (Scatchard, 1949). 

Microsomal binding assay 
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Microsomal suspensions were analyzed for specific androgen-binding 

properties by incubation of samples (250 pl) for 20 h at 4°C in the 

presence of 0.05 - 2.5 nM 3H-dimethylnortestosterone with or without 5 -

250 nM radioinert dimethylnortestosterone (250 pl/tube, final volume, 1 

ml). In (NH4 )2so4 fractionation studies designed to study differential 

binding properties of microsomal and cytosol androgen receptor forms, 

salt-precipitated material was initially desalted with G25 Sephadex and 

supernatants were dialyzed against an excess of homogenization buffer. 

Bound and unbound dimethylnortestosterone were separated by dextran

coated charcoal (DCC) adsortion of free and loosely bound steroid. 

Dextran-coated charcoal (1 ml) was added and the tubes were centrifuged 

at 860 xg for 10 min after incubation for 10 min at 4°C. The super

natants were collected in scintillation vials; 10 ml of Permablend 

(Packard) was added per vial. Samples were shaken 2 h and counted by 

liquid scintillation spectrometry. Hydroxylapatite was used to separate 

bound and free species in pilot experiments and compared with dextran

coated charcoal in both microsomal and cytosolic fractions. The two 

methods of separation afforded the same results, in each compartment. 

When microsomal androgen receptor complexes were used for 

transformation studies by analysis of DNA-cellulose binding, in vitro 

labeling was performed for 2 h at 4°C and a modjfication of the method 

of charcoal treatment was used. Charcoal-dextran pellets were prepared 

from the same volume of DCC suspension as the sample volume to be 

charcoal-treated. This procedure avoided further dilution of the 

preformed steroid-receptor complex. Charcoal pellets· and samples were 



mixed, incubated for 10 min at 4°C and then centrifuged at 860 xg for 

10 min. Supernatants were decanted and used as the source of DNA

binding activity. When androgen receptor complexes were fractionated 

with ammonium sulfate, subsequent desalting of the fractions introduced 

simultaneous removal of unbound steroid~ 

Cytosol binding assay 

250 pl aliquots of unfractionated cytosol, desalted and 

reconstituted pellets or supernatants obtained after ammonium sulfate 

treatment were incubated in a total volume of 1 ml with increasing 

concentrations (0.05 - 2.5 nM) of 3H-dimethylnortestosterone for 

determination of the total binding capacity for the 3H-labeled ligand. 

Identical samples were incubated with a 100-fold excess of radioinert 

dimethylnortestosterone for determination of non-specifically bound 

3H-labelled ligand. Cytosol fractions were incubated at 4°C for 20 h. 
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The separation of bound and unbound steroid was accomplished by 

hydroxylapatite adsortion of the steroid-receptor complex {Pavlik and 

Coulson, 1976). After incubation of samples with steroid, 250 pl of 

hydroxylapatite slurry (see following section) was added to each tube 

and the mixture was incubated for 30 min at 4°C, with vortex mixing 

every 10 min. Two ml of homogenization buffer was then added to each 

tube, and these were centrifuged for 10 min at 800 xg. Hydroxylapatite 

pellets were then washed three times with 2 ml of this buffer, the 

plastic assay tubes were cut near the bottom, and the lower portions 

were placed into scintillation vials. Five hundred pl ethanol and 7 ml 

scintillation cocktail {butyl-PBD, refer to Radioactivity Determinations 

section, page 55) were added per vial and the samples shaken for 1 h and 

counted. 
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Preparation of hydroxylapatite suspension 

Six parts of 0.05 M Tris-, 5 mM KH2Po4 , pH 7.4 (4°C) buffer were 

added to one part of Bio-gel HTP. The initial suspension was swirled 

gently and allowed to settle for 10 min at 4°C. The cloudy upper layer 

and the fines at the top of the settled bed were decanted and discarded. 

Washing and decanting was repeated three times with the same buffer and 

twice with 0.01 M Tris, 1.5 mM Na2 EDTA, pH 7.4 (4°C); 3.75 ml of the 

latter buffer/g initial hydroxylapatite powder were added to the settled 

bed. The suspension was stored at 4°C and used within 2 days. 

Mitochondrial binding assay 

Mitochondrial suspensions were used for saturation binding 

analysis by incubation of 250 pl of the mitochondrial source of binding 

activity with 250 pl of 0.05 2.5 nM (3H)-dimethylnortestosterone in 

the presence or absence of 5 - 250 nM radioinert ligand in a final 

volume of 1 ml. Incubations were carried out for 20 h at 4°C. 

Separation of bound and unbound steroid was carried out by the 

dextran-coated charcoal method, as described above. 

Nuclear binding assay 

250 pl aliquots of the nuclear suspension obtained after 

rehomogenization of the washed nuclear pellets were dispensed into 12 x 

75 mm glass culture tubes containing increasing concentrations (0.05 -

2.5 nM) of (3H)-dimethylnortestosterone ± a 100-fold molar excess of the 

radioinert steroid (final volume, 1 ml). Incubations were performed at 

4°C for 20 h, in the absence of EDTA (Davies et al., 1980; Noll et al., 

1975). At the end of each incubat4on, 1 ml of homogenization buffer 

(without EDTA) was added, followed by centrifugation at 800 xg for 10 

min. The nuclear pellets were washed three times by resuspension in 
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1 ml of the same ice-cold buffer, with mixing and centrifugation as 

above. After discarding the final supernatant, 1 ml of 100% ethanol 

was added to each pellet and mixed. They were then placed in a 30°C 

water bath for 30 min, with vortex mixing every 10 min, and finally 

centrifuged at 800 xg for 10 min. The ethanol extracts were poured 

into vials containing 7 ml of scintillation mixture (butyl-PBD). 

Samples were shaken for 1 h and counted. 

Specificity studies 

Steroidal specificity of androgen-receptor interactions was 

determined using saturating levels of (3H)-dimethylnortestosterone in 

the presence or absence of different concentrations (0.05-10,000 fold 

molar excess over 3H-dimethylnortestosterone) of radioinert 

dimethylnortestosterone, dihydrotestosterone, testosterone, 

3~-androstanediol, 17~-estradiol, progesterone or cortisol. Isolated 

microsomal or cytosolic fractions were used as source of binding 

activity. 

Tissue specificity of androgen binding sites was examined using 

ventral prostate and diaphragm as typical target and non target tissues, 

respectively. Saturation binding analysis in cytosol and microsomal 

fractions of each tissue was performed using the binding assays 

described above. The relative binding affinity (RBA) of each 

competitor for the microsomal or cytosol androgen receptor forms 

was assessed as RBA = Ic50 (dimethylnortestosterone), where Ic50 
IC50 (competitor) 

concentration of competitor·needed to inhibit 50% of the initial 3H-

dimethylnortestosterone binding activity. Proper controls were employed 

with the absence of competitor in each experiment. 



Ammonium sulfate precipitability of microsomal and cytosol androgen 

receptor forms 

Ammonium sulfate precipitation was used.as ~tool to characterize 

microsomal and cytosol androphiles through the study of binding pro

perties of both receptor forms after fractionation, and as an attempted 

method of effecting separation of the two forms from each other. 

In vitro labeling of microsomal and cytosolic fractions at 4°C 

was carried out at saturating concentrations of ligand, with or without 

a 100 fold molar excess of unlabelled ligand. Unbound steroid was 

removed using Dextran coated charcoal for both microsomal and cytosolic 

androgen receptor complexes. (NH4 )2so4 precipitation of androgen 

receptor complexes was initiated by bringing each source of binding 

activity to 40% (NH4 )2so4 , adding the salt from a saturated solution 

(according to nomogram of Green and Hughes, 1955) prepared in homo

genization buffer and adjusted to pH 7.4 at 22°C with NH40H. The salt 

was added during a 15 min period with constant stirring in a cold room 

(4°C). Proteins were allowed to precipitate for 2 h, then collected by 

centrifugation at 14,000 xg for 20 min. The pellets were washed once 

with 1 ml of ~aturated (NH4 )2so4 solution and centrifuged again at 

14,000 x g for 20 min. Final reconstitution of the pellets was done in 

homogenization buffer to a measured volume. The supernatants obtained 

after 40% precipitation were brought to 90% (NH4 )2so4 adding the 

necessary additional amount of salt as powder (according to nomogram 

of Green and Hughes, 1955) to avoid excessively large volumes, and 

following the same procedure. 
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Total binding capacities and total protein content of each fraction 

were estimated from the protein concent~ation, total volumes and dpm/ml 
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of each fraction. Protein determinations were performed after desalting 

by dialysis (supernatants) or G25 Sephadex (pellets). 

Having established the methodology to fractionate microsomal and 

cytosolic fractions, unlabelled fractionated samples were used to study 

their equilibrium and kinetic binding properties as well as their 

stability in the absence of ligand. Equilibrium binding properties of 

each fraction were determined by the binding assays already described. 

Kinetic studies involved association and dissociation rate kinetics 

determinations as well as the description of degradation rate kinetics 

of the steroid-receptor complexes, in each compartment. 

Association rate kinetics 

The rate of formation of andtogen-receptor complexes was examined 

in isolated microsomal or cytosoli.c fractions. Starting concentration 

of cytosol or microsomal receptors (Ro) was determined by simultaneous 

Scatchard binding analysis. The level of (3H)-dimethylnortestosterone 

used (So) was 0.5 nM. The association reactions were commenced by 

addition of (3H)-dimethylnortestosterone to the sample, at which time 

-a stop-watch was set in ~otion.·. At intervals from 1-15 min, 100 pl 

aliquots in duplicate were removed and plunged into tubes containing 

0.5 ml of 50 nM unlabelled dimethylnortestosterone. This resulted in 

immediate dilution of specific radioactivity, thus preventing further 

formation of me~surable levels of (3H)-dimethylnortestosterone receptor 

complex. Parallel assays were ·performed with samples to which was 

simultaneously added 0.5 nM (3H)-dimethylnortestosterone plus 50 nM 

unlabelled dimethylnortestosterone to allow correction for rapid 

formation of low affinity dimethylnortestosterone-protein complexes. 

All reactions were carried out in an ice· bath. Upon completion of the 
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measured reaction, each microsomal sample was treated with dextran-coated 

charcoal and each cytosol sample with hydroxylapatite to separate bound 

c.omplexes from free hormone. To assure that steroid adsorption to the 

tubes was not occurring-during the time interval between the first and 

the final sampling, blank samples, containing buffer in place of 

microsomes or cytosol, were analyzed in the same manner. No difference 

in radioactive content of the supernatant samples was observed between 

any two blank tubes. 

Microsomal or cytosol pellets and supernatants obtained after 40% 

(NH4 )2so4 precipitation and precipitated proteins after 90% (~H4 ) 2so4 

were desalted before being used as sources of binding activity in these 

kinetic studies. 

Second-order association rate kinetics have been applied 

successfully to the reaction between estrogen and its cytosol receptor 

(Korach and Muldoon, 1974). Linearization of the data was accomplished 

according to the equation: 

2.3 
(So-Ro) 

where St and Rt are the concentrations of free mibolerone and unliganded 

receptor, respectively, at each time interval, t. C is as integration 

constant. The association rate constant, k+ 1 , was calculated from the 

slope of the second-order rate plot, in units of M-1 sec-1 . 

Dissociation rate kinetics 

The rate of dissociation of androgen-receptor complexes in samples· 

of microsomes or cytosol (before or after partial purification with 

(NH4 )2so4 ) was determined after reaching equilibrium (20 h, 4°C) in the 

presence of saturating concentrations of labeled dimethylnortestosterone 



(10 nM) and subsequent removal of unbound steroid with dextran-coated 

charcoal. Unlabelled dimethylnortestosterone (1 pM) was then added to 

minimize reformation of radiolabelled complexes before allowing the 

dissociation reaction to proceed. 100 pl aliquots in duplicate were 

taken at intervals over an ensuing period of 15 days, and received in 
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1 ml homogenization buffer. These prolonged times of sampling were 

selected keeping in mind reports estimating the half-time of 

dihydrotestosterone dissociation from-rat ventral prostate homogenates 

of 1 day castrated male rats as 52 to 65 hat 4°C (Hechter et al., 1983). 

(3H)-dimethylnortestosterone-receptor complex content was assayed with 

hydroxylapatite for cytosol fractions and with dextran-coated charcoal 

for microsomal fractions. The equation (AR)t = (AR)
0
e-k-1t + N was used 

to linearize the data according to a first-order decay kinetics. N is a 

nonspecific term that was determined as the horizontal asymtote of the 

arithmetic plot of the raw data (Korach and Muldoon, 1974). (AR)t is the 

amount of specifically bound androgen receptor complex at each time t, 

and (AR) 0 is the initial amount of androgen receptor complex determined 

with a simultaneous Scatchard binding analysis in each fraction. 

Graphical analysis of In (dpm) specifically bound (corrected for 

nonspecific binding at each time point) ~· time allowed calculation of 

the dissociation rate constant, k_1 , as the slope of the resulting line. 

Degradation rate kinetics 

For these determinations, after reaching equilibrium, all 

microsomal or cytosolic samples were charcoal-treated to remove unbound 

steroid and, without addition of unlabelled steroid, were further 

incubated for 15 days at 4°C. During this period, 100 pl aliquots were 

taken in duplicate and diluted in 1 ml homogenization buffer. The amount 
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of receptor complex at each time point was assessed with hydroxylapatite 

in cytosol fractions and dextran-coated charcoal for microsomal fractions. 

First-order rate kinetic analyses were applied to linearize the 

data, as described above for dissociation rate kinetics of steroid

re.ceptor complexes. Graphical analysis of ln (dpm) specifically bound 

vs. time allowed calculation of k(degradation) of steroid-receptor 

complexes from the slope of the resulting line. 

Stability of microsomal and cytosol unliganded receptors 

Each microsomal or cytosolic fraction was incubated alone, in the 

absence of steroid, for 4 days, at 4°C. At different periods of time, 

250 pl aliquots in duplicate were removed and incubated with 10 nM (3H)

dimethylnortestosterone (alone or supplemented with 1 pM unlabelled 

dimethylnortestosterone) for an additional 24 hours, in a final volume 

of 1 ml. The remaining specific binding activity was then assayed by 

the dextran-coated charcoal method. The rate constant for irreversible 

loss of receptor binding capacity, designated k(stability)' was 

determined as the slope of the semilogarithmic plot of remaining 

specific binding activity as a function of time. The duration of 

receptor viability was then calculated as t 1; 2 = 0.693/k(stability)· 

Sucrose density gradient analys.is of microsomal and cytosolic androgen 

receptors 

Microsomes or cytosol were labelled for 2 h at 4°C with 10 nM 

radiolabelled dimethylnortestosterone with or without 1 pM radioinert 

dimethylnortestosterone. Aliquots of each fraction were incubated at 

24°C for 30 min, subsequently cooled at 4°C for an additional 30 min, 

and dextran-charcoal treated to remove unbound steroid. Specifically 

labeled microsomal complexes were extracted by centrifugation at 
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233,000 xg for 1 h. Samples of cytosol complexes or extracted 

microsomal complexes of 400 pl each were then applied to the top of 

continuous sucrose gradients. Gradients were poured using 10% and 30% 

sucrose solutions made up in homogenization_ buffer. Linear gradients 

were prepared using a Buchler gradient former model 3220 and a Buchler 

polystaltic pump at a flow rate of approximately 0.5 ml/min. Pouring of 

3 linear gradients at one time was performed through the use of 6.2 ml 

of 10% and 5.4 ml of 30% sucrose. Tubes were centrifuged in a SW60 Ti 

rotor for 15.5 h at 350,000 xg. [14c] labelled BSA (Sigma, Fraction V) 

was prepared according to Stancel and Gorski (1975) and used as an 

internal marker at 4.4S to determine the sedimentation coefficients of 

the radiolabelled complexes by the method of Martin and Ames (1961). 

Fractionation of the gradients was accomplished by piercing the bottom 

of the tubes and collecting 100 pi-fractions with a Gilson Model B200 

-Aliquotor. 

DNA binding ability of microsomal and cytosol androgen receptor 

complexes 

Microsomes or cytosol were labelled with (3H)-dimethylnortesto

stosterone in the presence or absence of a 100 fold excess radioinert 

dimethylnortestosterone. Heat-attempted activation of hormone-receptor 

complexes was performed by incubation of appropriate fractions at 24°C 

for 30 min and subsequent cooling at 4°C for an additional 30 min before 

assay. Heated and non heated samples were treated with dextran-charcoal 

and aliquots (400 pl) were incubated for 45 min at 4°C with 250 pl of 

packed DNA-cellulose (range: 8-125 pg DNA/tube) in a final volume of 1 ml 

with homogenization buffer, in duplicate. Samples were vortex-mixed at 

15 min intervals and then washed three times with 3 ml of homogenization 
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buffer at 860 xg for 15 min each time. The final supernatants were 

discarded and the final pellets were extracted twice with 1 ml ethanol 

at 30°C for 20 min. Pooled ethanol extracts obtained by centrifugation 

at 800 xg for 10 min were counted for radioactivity and the pellets were 

used for DNA determinations (Burton, 1956). DNA-cellulose and cellulose 

alone were mixed in varying proportions so that the cellulose content 

was kept constant in each tube. 

Prior to use, DNA-cellulose and cellulose pellets were washed twice 

with 3 ml of homogenization buff~r supplemented with 1.5 mM MgCl 2 · 6H2o, 

pH 7.4 (22°C) and usually frozen (-20°C) for 24 h until use. Incubation 

of the DNA with_increasing amounts of nonpurified receptor complexes 

leads to an artifactual saturation (Baskevitch et al., 1983; Andre and 

Rochefort, 1975). This problem can be overcome by incubating a constant 

amount of steroid-receptor complex (binder) with varying amounts of DNA 

(ligand), as previously described-for the estrogen-receptor system 

(Baskevitch et al., 1983). Radioactivity bound to DNA represented the 

amount of androgen-receptor complex specifically bound to DNA-cellulose 

when corrected for binding of complexes labelled previously inrthe 

presence of a 100-fold molar excess of radioinert steroid and an 

additional correction for binding of complexes to cellulose alone in 

the presence or absence of unlabelled hormone. Control samples were 

also prepared in the presence of saturating concentrations of (3H) 

mibolerone, with or without a 100 fold molar excess radioinert 

mibolerone; there was no specific binding of the labelled androgen alone 

to DNA-cellulose under these receptor-free conditions. DNA content of 

each pellet was measured according to Burton (1956). 

Scatchard binding analysis was used to linearize the data. On 
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. the basis of an estimated androgen receptor Stoke's radius of 85 A 

(Baskevitch et al., 1983; Andre and Rochefort, 1975; Wilson and French, 

1976), we assumed the androgen receptor-binding site of DNA to consist 

of 25 base pairs. Thus, the ligand concentration was expressed in 

molarity of such 25 base pair sites. We assumed that the binding of DNA 

to the steroid-receptor complex is at equilibrium, that it obeys the law 

of mass action, and that each molecule of hormone-receptor complex has 

a single DNA-binding site. An appro~imation of the free DNA sites is 

calculated from the total DNA available-sites. Thus, we obtained from 

the Scatchard plots an estimation of the affinity (Kd) of the binding 

sites of DNA for the steroid receptor complex (representing the 

concentration of sites that half-saturates the receptor complexes). 

The amount of receptor complex bound to DNA was expressed as percentage 

of the amount of complex incubated with DNA (%input). 

Salt attempted activation of androgen-receptor complexes was 

performed in the presence or absence of molybdate, keeping in mind 

conflicting reports on the ability of molybdate to inhibit salt-induced 

activation of· steroid-receptor complexes (Nishigori and Toft, 1980; 

Redeuilh et al., 1981). These studies were accomplished through the 

description of the effects of ammonium sulfate precipitation on the 

DNA binding ability of cytosolic and microsomal moieties after desalting 

of labelled complexes with Sephadex G-25 before each DNA binding assay. 

Extractability of the microsomal androgen receptor 

To examine further the nature of the microsomal binding moieties, 

attempts were made to solubilize the sites. Preparation ·of microsomes 

in homogenization buffer which was slightly hypotonic in spite of the 

presence of 10 mM Tris and 10% (v/v) glycerol, was compared with the 



use of isotonic 8.5% (w/w) sucrose instead of glycerol. Different 

extraction periods (2 h or 19 h) were examined, and centrifugation at 

223,000 xg for 60 min allowed the analysis of binding in both the 

extract and residual material. Extraction was also performed in the 

presence of saturating concentrations of (3H)-dimethylnortestosterone 

with or without a 100 fold molar excess of unlabelled ligand, using 

the extraction period selected by the study of extractability of the 

unbound moieties. 
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The use of KCl was applied to further examine the degree of 

extractability of the androgen binding sites from the microsomal 

framework. Hypotonic (0.05 M), isotonic (0.15 M) and hypertonic (0.40 

and 0.60 M) KCl concentrations were used. Postmitochondrial supernatant 

was split into equal aliquots in order to obtain the same starting 

amount of microsomal protein. Microsomal pellets were exposed to 

different KCl concentrations prepared in homogenization buffer (TEDMSP), 

extracted for 2 h or 19 h at 4°C and then centrifuged at 223,000 xg 

for 60 min. Saturation binding analysis was performed in each extracted 

or residual fraction, for each KCl concentration examined. 

The sensitivity of microsomal membranes to deterg~nts of very low 

critical micellar concentration (Triton X100, hard to remove) or very 

high critical micellar concentration (sodium cholate, easy to remove) 

was examined using 0.01, 0.05, 0.15, 0.50.and 2.0% (v/v) of each 

detergent (Helenius et al., 1979). Microsomes were incubated for 30 min 

at 4°C in the absence or presence of these detergent concentrations, 

introduced into the incubation medium in the same volume from previously 

prepared appropriate detergent stocks, in TEDMSP. The microsomal 

membraries were subsequently washed· three times with ten times the volume 



of buffer and the final pellets reconstituted and examined for specific 

androgen binding activity using saturation binding analysis. 
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Acceptor capability of cytosol androgen~receptor complexes by microsomes 

from ventral prostate 

Since it has been p6ssible to show that microsomes can be 

'exhausted' of their high affinity estr~gen-binding proteins in another 

system (Watson an~ Muldoon, 1985) and th~t ~uch exhausted microsomes 

can function as acceptors for cytosol·rece~tor, ·a similar approach was 

undertaken to examine if micro~omal -membranes of the prostatic cell 

could play such a role in .. androgen action in target tissues. 

Prostate microsome pellets were prepared and aliquots were taken 

to measure control binding levels by saturation analysis. The 

membranes were extracted by centrifugation at 223,000 xg for.60 min and 

constituted the 'exhausted' microsomal preparation. Aliquots were used 

to analyze the remaining specific binding-by-saturation binding 

analysis. -The resuspend~d 'exhausted-' preparation wa~ also used for 

mixing with an equivalent volume, 3 volumes or 4 volumes of original 

cytosol; these samples represented reconstituted microsomal 

preparations. After mixing, and centrifugation at 230,000 xg for 

60 min, the reisolated membranes- were resuspended and submitted to 

saturation binding-analysis. Dextran-coated charcoal was used to remove 

unbound steroid for all binding-analysis.-

Biochemical characterization of microsomal, cytosolic and other 

subcellular compaitments of ventral prostatic homogenates by the use 

of various subcellular markers. Correlation with the subcellular 

distribution of androgen-binding sites 

Various subcellular markers were used to further define subcellular 



compartments of ventral prostate cells. Nuclei, mitochondria, 

microsomes and cytosolic fractions of 24 h castrated male rat ventral 

prostate homogenates were isolated and characterized by the use of 

the following enzymatic markers: plasma membrane content of each 

fraction was assessed by the use of the ouabain-sensitive p

nitrophenylphosphatase, a component of the Na+/K+-ATPase and the 

5'nucleotidase; succinic dehydrogenase was used as a mitochondrial 

marker, lactate dehydrogenase as a cytosolic enzyme and glucose-6-

phosphatase as an index of microsomal membrane content of each 

subcellular fraction (Parikh et al., 1980). 

Specific binding of (3H)-dimethylnortestosterone was estimated by 

saturation binding analysis in nuclei, mitochondria, microsomes and 

cytosol of ventral prostate. Correlations were drawn among total 

binding capacity of each cellular fraction and the total content 

of each specific marker. 

Separation of plasma membranes and miciosomal membranes of rat ventral 

prostate. Contribution of each compartment to the total binding 

capacity of the target cell 
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All procedures were performed in the cold room (4°C). The 

homogenization buff~r ~se~ w~s.the same as previously described, using 

8.5% (w/w} sucrose instead- of 10% (v/v) gly9erril. The .800 xg crude 

nuclear pellet, without further washing, was used as _-a pr !mary source of 

fractionation. The nuclei_ pellet was homogenized by 3 to 4 strokes 

of a Teflon-glass homogenizer (Clearance: 23Q pm) and applied to the top 

of a d1scontinuous sucrose gradie·nt: 5 rill 31% ( .p = 1.13), 8 ml 37% 

( p = 1 .16), 10 ml 41% ( P = 1.18), 10 ml 45% ( P = 1. 20). This was 

centrifuged at 67,000 xg for· 2-h (SW 27). Fractions were collected from 
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the top with a Pasteur pipette and sucrose was removed by dilution with 

homogenization buffer (in the absence of sucrose) and centrifugation at 

60,000 xg for 40 min. The 8. 5-31% ( p = 1. 03-1.14) 31-37% ( p =· 1.14-

1.17), and 37-41% ( p= 1.17-1;19) fractions were p6oled, rehomogenized 

with a Teflon pe~tle {Clearan6e: 180 pm) and applied.to the bottom of a 

second discontinuous ~ucrose gradient: 2 ml 5~~ (p ~ 1.24), 8 ml 45% 

( p = 1. 20; sample), 7 ml 41% ( p = 1.18), 7 ml 37% ( p = 1.16), 7 ml 31% 

(p 1.13) and 7 ml 25% (p = 1.10). This was then centrifuged at 67,000 

xg for 2 h. Fractions were again collected from the top ~ith a· Pasteur 

pipette. Sucrose was removed by dilution with homogenization buffer 

(in the absence of sucrose) and centrifugation at 60,000 xg for 40 min. 

Fractions were then reconstituted in a known volume of isotonic sucrose 

buffer. They were subsequently assayed for specific androge·n binding 

activity, enzyme markers and protein- content. Selected fractions were 

also analyzed by transmission electron microscopy (TEM). 

Alternatively, the 11,000 xg mitochondrial pellet was used as a 

source of plasma membranes. After rehqmogenization by 3 to 4 strokes 

with a Dounce homogenizer (pestl& A}, ot:4°C, the mitrichondrial 

suspension was applied to the bottom of .. a discontinuous sucrose 

gradient: 2 ml- 52% (p= 1.24), 8 ml 45% (p= 1.20; sample), 7 ml 41% 

( p = 1 .18) , 7 ml 37% ( p = 1 .16), 7 ml. 31% ( p = 1 .13) and 7 ml 25% 

( p = 1.10) and centrifuged at 67,000 xg for 2 h. Fractions were 

collected from the top with a Pasteur pipette and assayed, after 

sucrose removal, for specific androgen binding activity, enzyme 

markers and protein content. 

Molybdate was omitted during fractionation to avoid inhibition 

of the glucose-6-phosphatase activities (Nordlie, 1971; Aronson and 
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Touster, 1974) and reintroduced in the membrane binding assay at a 

final concentration of 10 mM. The 52% sucrose cushions were used to 

minimize membrane aggreg~tion (Dallner, 19'?4) at the bo~tom of the tubes. 

Membrane binding assay 

Membrane fractions collected after fr&ct~onation of the nuclei or 

mitochondrial _pellets were reconstituted iq homogenization buffer in 

the absence- of molybdate and assayed for androgen-binding activity~. 

Membrane fraction (400·pl) was rout~nel~ incubated with 100 pl of 4 nM 

(3H)-dimethylnortestosterone with or without a 100 fold excess unlabelled 

steroid for 2 h at 4°C. Molybdate was introduced at a final concentra

tion of 10 mM. Separation of bound and unbound steroid was accomplished 

using a glass filter assay (Parikh et al., 1980). Filtration was 

performed on Schleicher & Schuell glass fiber filter discs (diameter 

pore: 1 pm). Adsortion of 3H-dimethylnortestosterone alone to the 

filters was routinely checked and was never detectable. The filters 

were washed twice with 2 ml homogenization buffer before being placed 

in vials and counted in 10 ml of Permablend. 

Na+/K+ATPase assay 

Fractions of 100 pl (10 pg protein) were added to 12 x 75 mm 

glass tubes containing 500 pl of MgC1 2 (2.5 pmol), KCl (25 pmol), Tris 

(25 pmol) and p-nitrophenylphosphate (dicyclohexylammonium salt, 

1.5 pmol) (Solution A) or MgC1 2 (2.5 pmol), KCl (25 pmol), Tris 

(25 pmol), p-nitrophenylphosphate (1.5 pmol) and ouabain (0.5 pmol) 

(Solution B). Water and substrate. blanks were run simultaneously. 

After incubation for 20' at 37°C, the tubes were placed on ice and the 

reactions were stopped by addition of 3 ml ice cold 1N NaOH. 3.3 ml of 

supernatant were removed per tube~ after centrifugation at 860 xg for 



15 min and the A410 nm was recorded to estimate the micromoles of 

p-nitrophenol released with and without ouabain. 

A410 = 1.0 corresponded to 0.21 pmol of p-nitrophenol released 

(Farnsworth, 1972; Parikh et al., 1980). The activity of Na+/K+ATPase 

was calculated as the difference in moles of p~ni~rophenol released 

between solutions A and B per mg protein/min. 

5'Nucleotidase assay 
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The activity of 5'nucl~otidase was determined by measuring the rate 

of release of inorganic phosphate from 5'-AMP. A reagent assay mixture 

was prepared by combining solutions A (Na-AMP, 50 mM, pH 7.0), B 

(glycine-NaOH buffer, 0.5 M) pH·9~1}, C (MgCl2 , 0.1 M) and water in the 

volume ratio of 1:2:1:5. Twenty micrograms of protein samples in a 

volume of 0.05 ml were added to 0.45 ml of this reagent mixture in 12 x 

75 mm glass tubes; once the enzyme source had been added, the sample 

was incubated for 30 min at 37°C in a water shaking incubator bath 

(Dubnoff, set 3). The following tubes were also carried through the 

assay: 1) a water blank; 2) 20 pg of enzyme source; 3) 0.45 ml of assay 

mixture, and 4) standard phosphate tubes ·containing 0.01, 0.02, 0.04, 

0.30 and 0.50 pmol sodium phosphate~· The-reactions and controls were 

stopped by adding 2.5 ml of 8% trichloroacetic acid (TCA) on ice, and 

then centrifuged at 860 xg for 15 min. 2.5 ml aliquots of the 

supernatant solutions were removed from each tube and transferred to 

12 x 75 mm glass tubes. The inorganic phosphate in each tube was 

determined by the procedure of Fiske and Subbarow (1925) as modified by 

Aronson and Touster (1974}. To the 2.5 ml aliquots was added 0.6 ml of 

a 2.5% (w/v) solution of ammonium molybdate in 5 N H2so4 . The solutions 

were mixed, and 0.24 ml of 1-amino-2-naphthol-4-sulfonic acid reagent 



(Fiske and Subbarow reducer) was ·added per tube. The solutions were 

mixed, and after 20 min the optical density of the solutions was read 

at 660 nm against the water blank. Results were expressed as the 

rate of release of inorganic phosphate in pmoles Pi/mg protein/min. 

Glucose-6-phosphatase assay 
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The activity of glucose-6-phosphatase was measured by determining 

the rate of release of inorganic phosphate from glucose 6-phosphate. A 

reagent assay mixture was prepared by combining solutions A (Na-glucose-

6-phosphate, 0.1 M, pH 6. 5), B (histidine_, 35 mM, pH 6. 5), C (Na2EDTA, 

10 mM, pH 7~0) and water in a volume ratio of 2:5:1:1. To.begin the 

reactions, 100 pg of membrane protein in a volume of 0.05 ml were added 

to 0.45 ml of the above assay mixture. In a volume of 0.5 ml, the 

following control tubes were also carried through the assay: 1) a water 

blank; 2) 100 pg of enzyme source only; 3)· 0.45 ml of assay mixture; 

4) standard phosphate tubes containing 0.02, 0.04, 0.08, 0.15, 0.25, 

0.50 and 0.75 pmol sodium phosphate. The· reactions and controls were 

incubated at 30°C for 30 min in a shaking water bath (Dubnoff, set 3), 

2. 5 ml of 8% TCA. were added to each tube to .stop the reactions-, and 

inorganic phosphate was determined- in 2.5-~l aliquots of the acidified 

samples exactly by the procedure described above for the assay of 

5'nucleotidase. The results were express~d as micromoles of inorganic 

phosphate released from the glucose-6-phosphate sub~trati per milligram 

of protein per minute (Aronson and- Touster, 1974). 

Succinic dehydrogenase assay 

The activity of this mitochondrial. marker is assayed by the 

measurement of succinate-2-(p-iodophenyl)-3-(p-nitrophenyl)-5-

phenyltetrazolium-reductase activity. Glass tubes (13 x 100 mm) 
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containing 0.5 ml of 50 mM KH2Po4 , pH 7.4, 0.2 ml of sodium succinate 

(250 mM prepared in the KH2Po4 buffer) and 0.2 ml of the tetrazolium 

salt (0.5% in KH2Po4 buffer) were preincubated at 37°C for 5 min. After 

the subsequent addition of 0.1 ml of enzyme (20 pg protein) source, the 

incubations were carried out at 37°C for 15 minutes. TCA (1 ml, 10%) 

was then added and the formazan was extracted with 4 ml of ethyl acetate 

and its extinction measured at 490 nm. The molar extinction coefficient 

(490 nm) of the formazan dissolved in ethyl acetate is 20.1 x 103 

(Pennington, 1961). Results were expressed as pmole formazan per 

milligram of protein per minute. 

Lactic dehydrogenase assay 

Pyruvate is reduced to lactate by NADH at pH 7.0 in the presence of 

this cytosolic enzyme. The oxidation- of NADH was measured by the rate 

of decrease of optical density at 340 nm. The reactions were carried 

out in a quartz cuvette at room temperature. Basal recordings were made 

in the presence of 2.9 ml of 0.1 M Tris, pH 7.0, 10 pl of NADH (20 mg/ml), 

10 pl of 0.1 M KCN (10 mmol KCN dissolved in 95 ml cold H2o were neutral

ized with 0.85 ml cold HCl, kept on ice 10 min to allow HCN reabsortion 

and diluted to 100 ml with H2o, prepared fresh) and 100 pl enzyme source 

(100 pg protein). After a constant level or a constant rate of decrease 

of A340 was reached, 10 pl of 0.1 M sodium pyruvate was added and the 

rate of decrease of A340 was again recbrded~ The molar extinction 

coefficient of NADH is 6220. After correction for control recordings 

in the absence of substrate (enzyme blank), the results were expressed 

in pmole of NADH oxidized/rug protein/minute (Parikh et al., 1980; Fine 

et al . , 1963) . 



Electron microscopy of microsomal and membrane fractions 

Samples were fixed with 3% glutaraldehyde_ in 0.2 M cacodylate 

buffer, pH 7.3 (3 ml/pellet, approximately 1 mg protein/pellet) for 6 h 

at 4°C. Medium w~s then changed for fresh glutaraldehyde in cacodylate 

buffer and finally to 7% -(w/v) sucrose in 0.1 M cacodylate buffer, 

pH 7.3. Samples were then postfixed in 2% (w/v) osmium tetroxide 
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(1 ml/p~llet) and then dehydrated in -increasing concentrations of ethyl 

alcohol ( 4 ml/pellet of 70%. alcohol -for -10 .min, once;· 4 ml/pei'let of 95% 

alcohol for 10 min, thr~e times, .and 4_ml/pellet of 100% alcohol for 

10 min, three_times). The alcohol was ·,then removed with propylene oxide 

(PO, three washe-s, _10 min each). --The pe1lets w.ere embedded in Epon 1:1 

(v/v) with PO for 1 hand- then· the Epon:PO ratio was increased to 3:1 

(v/v) for further embeddi-ng during 2.h~ T-he embedded pellets were 

placed in plastic capsules and.incubated in an oven at 60°C overnight 

to complete polymerization of the resin. Thin section~ (40-60 nm) were 

prepared on a Sorvall Porter and Blum MT-1.ultramicrotome using glass 

knives and then placed on 200 mesh copper grids. These grids were 

stained with 2% uranyl acetate and counterstained with lead citrate. 

Sections were then viewed under a Phillips 400 electron microscope. 

Effects of antiandrogens on the binding properties of various androgen 

receptor forms 

Three antiand~ogens were used to examine i~ vivo and in vitro effects 

of these·androgen antagonists on binding properties of the androgen 

receptor. Non steroidal -(RU23908 and hydroxyflutami~e) and steroidal 

(cyproterone acetate)- antiandrogens were selected for these purposes. 

The effects of in vivo administration of 5 mg RU23908/100 g body 

wt, 2_mg hydroxyflutamide/100 g body wt-or 2 mg cyproterone 



acetate/100 g body wt in the presence or absence of concomitant 

administration of 400 pg testosterone/100 g body wt on the microsomal, 

cytosolic and nuclear androgen receptor levels of- the 24 h castrated 

male rat were ·examined. Testosterone was dis~olved in 50% 

ethanol/saline. Antiandrogens were -dissolved in 1,2.propanediol. 
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500 pl of testosterone and/or each antiandr6gen (given immediately_ 

before testosterone) was administered per animal. Animals receiving 

testosterone alone reqeived also 1,2 propanediol and vice versa. 

Vehicle-treated groups received both ethanol/saline and 1,2 propanediol. 

All injections were given intraperitoneally. Animals were sacrificed 

1 h after treatment, and cytosol, nuclear and microsomal androgen 

receptor content were measured. 

Relative binding affinity studies of antiandrogens for microsomal and 

cytosol androge~ receptor for~s 

The relative binding affinities- (RBA) of cyproterone acetate, 

RU23908 and hydroxyflutamide for ·the microsomal and cytosol androgen 

receptor of ventral pros·tate were examined using single point assays, 

in duplicate, in the presence of 5 nM ~ 3H)-dimethylnortestos~erone and 

different amounts of unlabelled dimethylnortestosterone or a~tiandrogen 

(0.01-10~000 fold mola~ excess; 250 pl/tube) during 20 h at 4°C. 250 pl 

microsomal suspension or cytosol, in the appropriate dilutions, were 

used in a final volume of 1 ~li adjusted with homogenization buffer. 

Unbound steroid was removed with dextran-coated charcoal. 

The relative binding aff-inity (RBA) _of each· anti-androgen _for the 

microsomal-and cytosol andr6gen receptor £orms was ~ssessed as described 

on page 33. ·controls were made in the ·absence of antiandrogens, in each 

experiment .. 
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Effects of antiandrogens on the kinetic binding properties of microsomal 

and cytosol androgen receptors 

The effects of RU23908, cyproterone acetate and hydroxyflutamide 

on the association rate of 3H-dimethylnortestosterone to the microsomal 

or cytosol androgen receptor were examined by a 2 h preincubation at 4°C 

with each antiandrogen and the respective isolated subcellular fraction 

prior to initiating the association-reaction between the receptor source 

and the labelled ligand. The concentrations were selected according 

to the ICso:.'fo~ ~ach. antiandrogen -o.btained Jrom _the relative binding 

affinity studies described above. Conditions used were described on 

page 35. 

The effects of antiandrogens oa the rate of dissociation of 

· steroid-receptor complexes was· studied in._ the following manner. 

Microsomal or cytosol'· fract-ions, were-. labe-lled- for 20 h at 4 oc with 

(3H)-dimethylnortestosterone (5.5 nM} to allow the formation of 

androgen-receptor complexes at equilibrium. After subsequent removal of 

unbound steroid with dextran-coated charcoal) a 100 fold excess molar of 

radioinert dimethylnortestosterone (0.55 pM) or 5000, 500 or 5000 fold 

molar excess, respectively, of RU23908, cyproterone acetate or hydro

xyflutamide were added- to the med-i-um... Degradati.on kinetics of complexes 

were corrected for, as determ-ined -in the-absence of an excess unlabelled 

androgen. Sampling conditions,. methods of separation of bound and 

unbound ligand and-analyses of results were described before (pp. 36-37). 

Protein determination 

Protein determinations were done by modification of the method of 

Lowry (Lowry et al., 1951). The reagents employed were the following: 

Reagent A: 2% ~a2co3 in.0.1 N.NaOH 



Reagent B: 1% cuso4_ · 5 H2o 

Reagent C: 2% sodium potassium tartrate 

Reagent D: 15 ml A + 0.15 ml B + 0.15 ml C 

Reagent E: 1N Phenol reagent_ (Fishe~) 

Reagent D was routinely prepared· fresh immediately before use. 

Standard curves were constructed using a stock of bovine serum 

albumin (fraction V, Sigma) at a concentration of 1 mg/ml in glass 

distilled H2o. Duplicate tubes ~ere prepared containing 25, 50, 75, 

100, 200, 200 and 400 pg protein per tube in a final volume of 400 pl, 

in H2o. Blank tubes contained only 400 pl. H2o. 

53 

Sample proteins were prepared~ in appropriate dilutions, in a final 

volume of 400 pl and then precipitated by the addition of 1.6 ml of 

0.3 M perchloroacetic acid (PCA). Tubes were incubated in PCA for 10 

minutes at 4°C, centrifuged at 860 xg for 10 minutes at 4°C, and the 

precipitates redissolved in 0.2 ml distilled water. After H2o addition, 

samples were vortexed gently and 0-.2 ml of 0.01 M KOH added and vortexed 

_again. These last two steps of H2o and KOH addition, as well as all 

subsequent ste~~' were performed at room temperature. 

Two ml of reagent D was added to each sample or standard tube, 

mixed by vortex action and allowed to incubate for 15 minutes at room 

temperature. Reagent E (200 pl) was added and mixed immediately. After 

60 minutes, absorbance was measured in a spectrophotometer at 500 nm 

(Acta C III, Beckman). A standard-line was generated using a linear 

regression program, plotting a~sorbance (A500 ) against pg protein. The 

correlation coefficient of this line was routinely greater than 0.99. 

DNA determination 

DNA determinations were done by a modification of the method of 



Burton (1956), using the diphenylamine reaction to detect deoxyribose 

presence after nucleic acid hydrolysis at 70°C. 

The following-reagents were employed: 

Reagent A: 144 pl of pure acetald~hyde diluted in 9~86 ml H2o 

Reagent B: 1.5 g diphenylamine were dissolved in 100 ml glacial 

acetic acid + 1.5-ml 36N H2so4 

Reagent C: 0.5 ml A + 99.5 ml B 
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DNA stocks were prepared in 0.005 N NaOH (250 pg/ml), and stored at 

-20°C in 4 ml aliquots. When needed, 4 ml aliquots were thawed, 1 ml 

of 1N PCA added and fhen heated for 20 m.in at 70°C. Standard curves 

were then constructed us"ing 4-, .6, 25,- 12-.5,'. 25.0,- 50.00, .100. 0 · ~nd 160 pg 

DNA per tube, in duplicate. A final volume of 1 ml was obtained in each 

standard. tube using appropriate volum~s.qf ~CA:NaOH (1:1, 1N PCA :- 0~005 

N NaOH). 

Appropr;iate dilutfons of samples were prepare~ and ·,brought to 1 ml 

final volume. in ~lass distilled H2o. One rill 0. 5 :N PCA was added to 

each tube, vortexed and incubated-at. 4°C for 45 min, to allow nucleic 

acid precipitation. Tubes were then centrifuged at 860 xg for 10 min, 

supernatants were discarded, .the sides of the. tubes were wiped and 

1.2 ml PCA : NaOH (1:1i 1N PCA : 0.005 N NaOH)· were added per tube. 

Samples were subjected to·vortex action, incubated at 70°C for 20 min 

and centrifuged at 860 xg for 10 mi-nutes. One m1 aliquots were removed 

and placed into another glass tube serie& for· the diph~nylamirie 

reaction. 

Two ml of Reagent C were added to standard and sample tubes and 

incubated at 30°C for 16 hours· in a water bath (Dubnoff). At the end of 

the incubation, each sample was individually vortexed before reading in 



a spectrophotometer at 600 nm (Acta C III; Beckman). 

A standard line was generated using a linear regression program, 

plotting A600 against pg DNA. The correlation coefficient of this line 

was routinely greater than 0.99. 

Radioactivity determinations 
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T~itium and 14c were both·counted in a Beckman LS-7500 spectrometer 

with built-in capacity for DPM conversion by the H gate method. 

Efficiency for tritium was 56% and for 14c was 80%. Microsomal, 

membrane and mitochondrial samples we~~ counted in a mixtrire composed 

of 5 .g o~ Permablend II (Packard) dissolved in 1 liter of toluene. 

~ytosolic and nuclear samples we~e counted in a mixture composed of 

15 g of butyl-PBD (2-(4'~tert-butylphenyl)-5-(4'-biphenylyl)-1,3,4-

oxadiazole; Sigma), i770 ml toluene, ~20 ml S-570 (ethoxylated 

octylphenols, Fisher) and 110 ml d-istilled water. _Counting was 

done at a level permitting less than 2% error. 



RESULTS 

Description of a single high affinity-low capacity population of 

androgen binding sites in rat ventral prostate microsomes. 

Many of the intracellular membranes of the cell, including Golgi, 

and rough and smooth endoplasmic membranes, are clustered in the 

vicinity of the nucleus. The techniques used by Welshons et al. (1984) 

to produce nucleoplasts, with which most of the cell's protein are 

associated, result in production of nuclei with cytoblasmic attachments, 

particularly membranous material, and the association of steroid 

receptor with membranes would give the appearance of nuclear· 

localization of the receptor. The use of monoclonal antibodies to 

steroid receptor protein by King and Greene (1984) to localize steroid 

receptor exclusively in the nucleus may~ likewise, produce results that 

are difficult to interpret if.the receptor is associated with membranes 

that are physically close to the nucleus. It ~s also noteworthy that 

the monoclonal antibody used in the latt~r study was developed against a 

nuclear derived steroid receptor, and although it could be shown to bind 

to cytosol-derived receptor on sucrose gradients, its specificity for 

nuclear receptor could be enhanced under the conditions of the 

immunocytochemical assay used in that study. Furthermore, in agreement 

with the low resolution of immunocytochemical studies ·at the light 

microscopic level, immunochemistry and subsequent ultrastructural 

localization of steroid receptor indicates physical presence of receptor 
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in both nuclear and microsomal compartments of·the target cell (Perrot

Aplanat et al., 1986). We used the ventral prostate as a model for 

characterization of microsomal receptor. 
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Isolation of microsomes from rat ventral prostate homogenates of 

the 24 h castrated male rat and subsequent saturation binding analyses 

indicated the presence· of a single high affinity-low capacity population 

of binding sites for androgens (Figure 1). Two methods of separation 

of bound and unbound ligand were compared: Dextran-coated charcoal that 

removes unbound steroid~ and hydroxylapatite that adsorbs steroid

receptor complex. Both methods afforded a similar number of binding 

sites: 32.9 (DCC) and 27.0 (HAP) fmole/mg protein. Affinity constants 

for the interaction between mibolerone and the microsomal androgen 

receptor were 7.2 x 109 M- 1 for the charcoal method and 9 x 109 M-1 for 

hydroxylapatite (Figure 1). Analyses of cytosol binding sites with both 

techniques afforded similar results: 150 (DCC) and 151 (HAP) fmole/mg 

protein. Affinity constants were 4.9 x 109 M-1 (DCC) and 8.5 x 109 M- 1 

(HAP). 

Specificity studies 

Being aware that Robel et al. (1974) reported that microsomes from 

ventral prostate display high affinity for 3~-androstanediol and for 

dihydrotestosterone, we studied the ligand specificity of both 

microsomal and cytosol androphiles of ventral prostate, in order to 

compare both receptor forms. We found. that microsomal androphiles 

display equal affinity for dimethylnortestos·terone (an androgen which is 

not aromatized or reduced in prostatic microsomes, Liao et al., 1973) 

and dihydrotestosterone, in contrast to the cytosol form, which showed 

higher relative binding affinity for dihydrotestosterone than 



Figure 1. Comparison Between Use of Dextran-Coated Charcoal and 

Hydroxylapatite to Separate Bound'and Unbound Ligand 

in a Microsomal Binding Assay. 

Isolated microsomes from rat ventral prostate of 1 day-

castrated male rats were subjected to saturation binding 

analyses (20 h, 4°C) and d~xtran-coated charcoal (DCC, top 

panel) or hydroxylapatite (HAP, bottom panel) was used 

thereafter. Protein con.centration: 576 pg/tube (DCC) and 

676 pg/tube (HAP) . Total bound ( 6 ) , nonspecific ( o) and 

specific bound androgen (e) were.,p-lotted and Scatchard 

plots con~tructed (shown at the right side of:each panel). 

Concentration of specific binding sites (in fmole/mg 

protein) was 32.9 (DCC) and 27.0 (HAP). Association 

constants (Ka; 109 M- 1 ) were 7. 2 (DCC) and 9.:0 (HAP). . 
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Figure 2. Comparison Between Use of Dextran-coated Charcoal and 

Hydroxylapatite to Separate Bound and Unbound Ligand in 

a Cytosol Binding Assay: 

Isolated cytosolic fractions from ventral prostates of 

1 day castrated rats were· subjected to saturation binding 

analysis (20 h, 4°C) and dextran-coated charcoal (DCC, top 

panel) or hydroxylapatite (HAP~ bottom panel) was used 

thereafter. Protein concentration: 1.1 mg/tube (DCC) and 

0.8 mg/tube (HAP). Total bound (A), nonspecific (o) and 

specific bound androgen (e) were plotted and Scatchard 

depictions obtained (shown at the right side of each panel). 

Concentration of spe6ific binding sites (i~ fmole/mg 

protein) was 150 (DCC) and 151 (HAP). Associatiori constants 

(Ka; 109 M- 1) were 4.9 (DCC) a~d-8.5 (HAP). 
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dimethylnortestosterone. 3~-androstanediol was a weak competitor 

for both receptor forms (Figure 3 and Table I). The general order of 

affinity for the other compounds examined is similar for both receptors, 

namely testosterone > 3~-androstanediol = estradiol > progesterone > 

cortisol. It has been reported that microsomal estrogen receptors of 

rat uterus and anterior pituitary display appreciable affinity for 

progesterone (Watson and Muldoon, 1985) in contrast to progesterone's 

lack of affinity for estrogen receptors in the cytosol. The observation 

that progesterone has a very low relative binding affinity for the 

microsomal and cytosol androgen receptor forms described here renders 

highly unlikely the possibility that antiandrogenic actions of 
. ,• 

progesterone (Bullock and Bardin, 1977) could be explained via androgen 

receptor interactions. 

Microsomal androgen receptors are ti~sue-specific for ~rostate. 

Binding to isolated microsomal membranes f~om a. non-target tissue 

(diaphragm) was very low compared to the ventral prostate, a classical 

target tis~u_e for_ androgens in mammalian systems. Cytosol androgen 

receptor levels were als~ very low in diaphragm as compared to the 

ventral prostate of 24 h castrated male rats (Table II). 
---

Ammonium sulfate precipitability of androgen receptor:forms. 

It has been shown in the uterine estrogen receptor system (Watson 

and Muldoon, 1985) that preparation -of the microsomal receptor with 

hypotonic buffer in the presence of estradiol allows recovery of higher 

binding activity than in the absence of the steroid. We used this 

methodology to label the microsomal androgen receptor of the rat ventral 

prostate in homogenization buffer, by supplementation with 10 nM (3H)-

dimethylnortestosterone. Upon addition of (NH4 )2so4 , most of the 



Figure 3. Steroidal Specificity of Microsomal and Cytosolic Androgen 

Receptors. 

Cytosol (top panel) or microsomes (bottom pariel) were 

prepared in homogenization buffer and aliquots (250 pl) 

incubated for 20 h at 4°C with 10 nM 3H-mibolerone and 

increasing concentrations (0 to 10,000 fold mola~ excess) 

of each competitor. Competitors used were: 

dimethylnortestosterone (DMNT, o); dihydrotestosterone 

(•), testosterone ( o), 313 androstanediol ( .A), 

estradiol ( • ) , progesterone ( D. ) and cortisol ( ~ ) . 

Protein: 2.18 mg/tube (cytosol) _and 0.23 mg/tube 

(microsomes). Results are expressed as percentage of 

initial binding activity, measured in the absence of 

competitor (100%; cytosol: 18406 dpm; microsomes: 3310 dpm). 
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TABLE I 

STEROIDAL SPECIFICITY OF RECEPTOR FORMS . 

COMPETITOR IC5o RBA 

Whole Whole Whole Whole 
Cytosol Microsomes Cytosol Microsomes 

DMNT 2.30 3.70 1.00 1.00 
DHT 0.88 3.20 2.61 1:16 
T 4.33 8.00 0.53 0.46 
3~-Androstanediol 95 130 0.024 0.028 
E2 120 .95 0.019 0.039 
p4 220 260 0.010 0.014 
Cortisol >1000 >1000 0.00 0.00 

Cytosol or microsomal aliquots were incubated for 20 h at 4°C with 10 nM 3u~DMNT 
and increasing concentrations (0 to 10,000 fold molar excess) of each competitor. Protein: 
2.18 mg/250 pl (cytosol) and 0.23 mg/250 pl (microsomes). RBA = IC50 (DMNT)/IC50 (competitor) 
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V1 



TABLE II 

A COMPARISON BETWEEN A TARGET AND A NON-TARGET TISSUE FOR ANDROGE~S. 

Bmax. (fmole/mg protein) 

Cytosol Microsomes 

VENTRAL PROSTATE 200.6 + 77.5 44.8 + 8.1 

DIAPHRAGM 5.1 + 2.3 0.8 + 0.3 

Isolated microsomes or cytosol from ventral prostate or diaphragm homogenates were 
subjected to saturation binding analysis. Dextran-coated charcoal was used to remove 
unbound ligand. Values are averages± SD (n = 3). 

0\ 
0\ 



activity remains in the supernatant at 4b% saturation and surprisingly, 

most of it is still in solution at 90% (NH4 )2so4 {T~ble III). Table IV 

shows the distribution of the total binding capacity of the cytosol 

androgen receptor after precipitati6n with 40~ ammonium sulfate. 

Most of the activity remains in the supernatant. Bringing this 40% 

supernatant to 90% of saturation allowed recovery of most of the 

remaining activity in the pellet. 

These observations provide a simple method for physical separation 

of cytosolic and microsomal androgen receptor forms, with appreciable 

enrichment of the latter form. 

Equilibrium binding studies 
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It has been reported· that cytosol androgen receptors of rat 

prostate can be partially precipitated with 35% ammonium sulfate, under 

conditions that do not minimize receptor breakdown (Verhoeven et al., 

1975). Saturation binding analyses of unfractionated and ammonium 

sulfate derived fractions were performed to determine the equilibrium 

binding properties of the moieties and to see if, after ammonium sulfate 

precipitation, these proteins retained their binding characteristics. 

Figure 4 reiterates that cytosol displays a single set of high 

affinity, low capacity androgen binding sites. · This characteristic 

is retained after 40% saturation with (NH4)2so4 in the reconstituted 

desalted pellet as well as in the dialyzed 40% supernatant (Figures 4B 

and 4C). Proteins precipitated at 90% salt also show the same basic 

properties (Figure 4D). Table V· gives a summary of the concentration of 

binding sites under equilibrium conditions (Bmax> and the equilibrium 

association constants (Ka) for the dimethylnortestosterone-cytosol 

andrrigen receptor interaction at each stage of fractionation. 



TABLE III 

AMMONIUM SULFATE PRECIPITABILITY OF MICROSOMAL ANDROGEN RECEPTOR COMPLEXES 
FROM RAT VENTRAL PROSTATE OF THE 1 DAY CASTRATED RAT.a 

FRACTION 

Unfractionated Microsomes 

0-40% Supernatant 

0-40% Pellet 

40-90% Supernatant 

40-90% Pellet 

100 s (0-40) 

100 s (40-90) 

Total binding 
capacity 

[% recovery] 

100 

92 

15 

84 

13 

2 

ND 

fmole 
mg protein 

182 

443 

103 

230 

167 

ND 

ND 

aMicrosomal androgen receptor was labelled in homogeniz~tion buffer with 10 nM 3H-DMNT 
during 2 h at 4°C and the complexes were precipitated at 40% and then 90% (NH4 )2so4 . 
Total binding capacity was estimated from the protein concentration (mg/ml) in the 
desalted fractions, total volume and dpm/ml of each fraction. Unfractionated complexes: 
92520 dpm; 0.53 mg protein/ml. %of recoveries in 90% cut were estimated from the total 
activity in the 40% supernatant {85119 dpm). 

100 S (0-40): wash of the 0-40% pellet with 100% (NH4 )2so4 solution. 

100 S (40-90): wash of the 40-90% pellet with 100% (NH4 )2so4 solution. 

ND: Not detectable 0'\ 
00 



TABLE IV 

AMMONIUM SULFATE PRECIPITABILITY OF CYTOSOL ANDROGEN RECEPTOR COMPLEXES 
.FROM RAT VENTRAL PROSTATE OF THE 1 DAY CASTRATED RAT.a -

fmole 
FRACTION 

Total binding 
capacity mg Protein 

[% recovery] 

Unfractionated cytosol 100 49 

0-40% Supernatant 79 78 

0-40% Pellet 5 133 

40-90% Supernatant 14 378 

40-90% Pellet 86 73 

100 s (0-40) 0.4 ND 

100 s (40-90) ND ND 

aCytosol androgen receptor was labelled for 2 h at 4°C in th~· presence of 10 nM 
3H-DMNT. Total binding capacity of each fraction was estimated from the protein concentration 
(mg/ml) in the desalted fractions, total volume and dpm/ml of each fraction. Unfractionated 
cytosol contained 85036 dpm and 6.5 mg protein/mi. %recoveries in 90% cut were estimated 
from the total activity in the 40% supernatant (67382 dpm). 

100 S (0-40): wash of the 0-40% pellet with 100% (NH4 )2so4 solu~ion. 

100 S (40-90): wash of the 40-90% pellet with 100% {NH4 )2so4 ·solution. 

ND: Not detectable. 
0'\ 
\0 

' 



Figure 4. Saturation Analyses of Cytosol Fractions. 

Cytosol was isolated from ventral prostate homogenates 

and brought to 40% saturation with ammonium sulfate. The 

supernatant was subsequently brought to 90% (NH4 )2so4 and 

saturation binding analysis of androgen binding sites was 

performed in whole cytosol (A), pellet (B) and supernatant 

(C) after 40% (NH4 )2so4 precipitation and pellet (D) after 

90% salt treatment. Concentration of specific binding sites 

(in fmole/mg protein) was 53 (A), 14 (B), 18 (C) and 17 (D). 

Association constants (Ka, 109 M-1 ) were 2.2 (A), 2.3 (B), 

4.4 (C) and 2.0 (D). Insets: Plots d~rived from Scatchard 

analysis of the depicted saturation binding curves. 

... 
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Figure 5 shows tepresentative equilibrium binding curves for the 

microsomal fractions. As with cytosol, the binding pattern also 

displays the classical behavior of a single set of high affinity, low 

capacity binding sites with retention of these prop_erties after salt 

treatment. The degree of nonspecific binding was higher in the 

microsomal fractions than in the cytosolic fractions, before and after 
. •: 

(NH4)2so4 precipitation,· when measured under equilibrium conditions at 

4°C, may be due to )igand binding to non-receptoi lipoproteins present 

in particulate fractions.· 

Table V shows that the level of microsomal binding, in contrast to 

cytosolic binding, is doubled by salt fractionation with 90% (NH4)2so4 

over the concentration present in ·the 0-40% supernatant or whole 

microsomes. The affinity of the-hormone-receptor interaction does not 
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change significantly among any of the microsomal fractions studied. 

Microsomal and cytosolic binding moieties do not show any difference in 

affinity for mibolerone. 

Association rate kinetic studies. 

The affinity of a simple bimolecular interaction between hormone 

and receptor can be determined as the ratio of the association rate and 

dissociation rate constants of the reaction. The binding affinity thus 

calculated should approximate the equilibrium association constant if 

all estimations are made at the same temperature. 

The association rate kinetics of binding of dimethylnortestosterone 

to the cytosol and microsomal androgen receptor forms were similar. 

Both proteins manifest second order rate behavior in their interaction 

with dimethylnortestosterone (Figure 6). After 40% saturation with 

(NH4 )2so4 , the cytosol androgen receptor does not display any change in 



TABLE V 

~QUILIBRIUM PARAMETERS OF INTERACTION BETWEEN DIMETHYLNORTESTOSTERONE 
(DMNT) AND ANDROGEN RECEPTORS IN WHOLE CYTOSOL, WHOLE MICROSOMES, 40% 

AND 90% AMMONIUM SULFATE FRACTIONS. 

FRACTION 

Whole Cytosol 

0-40% Pellet (cytosol) 

0-40% Supernatant (cytosol) 

90% Pellet 

Whole Microsomes 

0-40% Pellet (microsomes) 

0-40% Supernatant (microsomes) 

90% Pellet 

Total Specific 
Binding Capacity 

(% Recoveries) 

100 

5 + 2 

95 + 2 

86 

100 

15 + 7 

85 + 7 

34 

BINDING PARAMETER 
B maxa 

(fmole/mg protein*) 

47 + 7 

18 + 3.6 

17 + 3.7 

17.2 

28 + 5.6 

22.4 + 9.7 

28.3 + 6.8 

57 

Ka 
(x 10g-M~I) 

4.2 .:!:. 0.9 

2.6 + 0.6 

3.6 + 0.4 

2.0 

6.1 .:!:. 1.1 

1.4 + 0.4 

2.7.:!:. 0.6 

7.5 

Values r~present mean.:!:_ S.E.M. of 10-14 experime~ts ior cytosolic fractions, and 6-12 
experiments for microsomal fractions. n = 1 in 90% pellets. Each binding parameter in each 
experiment was derived from a Scatchard analysis of the res.pective saturation binding curves. 
Recoveries are expressed as percentage (average ~ S.E.M.) of total binding capacity of whole 
fractions. 

aspecific DMNT-binding activity. 

*Refers to protein content of each fraction. 

...... 
VJ 



Figure 5. Saturation Analysis of Microsomal Fractions. 

Microsomes were isolated from ventral prostate homogenates 

and brought to 40% saturation with ammonium sulfate. The 

supernatant was subsequently brought_ to 90%-(NH4,) 2so4 and 

saturation binding analyses of-androgen binding sites were 

-performed in whol~ microsomes (A), pellet (B) and supernatant 

(C) after 40% (NH4 )2so4 preqipitation and pellet (D) after 

- 90% salt treatment. Concentration of specific binding sites 

(in fmole/mg protein) was 14 (A), 20 (B), 25 (C) and 57 (D). 

Association constants (Ka; 109 M-1 ) were 4.8 (A), 1.9 (B), 

6.4 (C) and 7.5 (D). Insets: Plots derived from Scatchard 

analysis of the depicted saturation binding curves. 
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Figure 6. Association Rate Kinetics of the Interaction Between 3H-DMNT 

and Unfractionated Microsomal or Cytosol Fractions .. 

The initial receptor concentrations (Ro) were: cytosol 

(A), 0.43 nM; microsomes (B), 0.184 nM. The ordiriate denotes 

the incremental changes over the specified time intervals 

in the function: 2.3/[So-Ro] log St/Rt x 10-9 M-1 

The initial values of this function were: cytosol, 2.152; 

microsomes, 3.16. The reaction was started by ·the addition 

of 0. 5 nM 3H-DMNT (So) at time zero, and the amount·· of 3H

DMNT-receptor.complex was measured at each denoted interval. 

The association rate constants, k+1 ' were expressed for each 

sample in units of M-1 sec-1 . r = 0.92 for cytosol (•) and 

r = 0. 94 for microsomes ( ~). Initial receptor concentration 

(Ro) was determined separately by saturation binding analysis 

at equilibrium, in the same preparations. 
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its ability to form steroid-receptor complexes at 4°C, as compared to 

the native cytosol receptor form., when association rate constants are 

measured following removal of salt (Figure 7B). Binding in the 40% 

pellet of the cytosol appeared to obey the same kinetic properties 

(Figure 7A), and similar results were obtained when the desalted 

precipitated pellet after 90% (NH4 )2so4 saturation (Figure 7C) was used 

to measure rate of formation of the dimethylnortestosterone-receptor 

complex. 
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We were not able to detect binding levels sufficiently higher than 

nonspecific levels to permit assessment of association kinetics in the 

microsomal preparations obtained after 40% precipitation with salt. 

However, the microsomal binding sites present in the supernatants after 

40% fractionation manifested the same association rate of the hormone 

for the receptor as that of the unfractionated material (compare Figures 

6B and 8A). Microsomal protein precipitated with 90% (NH4 )2so4 and 

desalted also showed the same association rate kinetics as the 

unfractionated microsomal source of binding activity (Figure 8B). The 

latter data were linearized using a pseudo-first order rate equation 

since the initial concentrations of hormone and receptor were 

approximately the same (0.12· and 0.13 nM, respectively). An additional 

experiment with this "90% J?ellet" microsomal fractions, using s
0 

= 0.5 

nM and R0 = 0.12 nM, yielded the same second-order association rate 

constant (k+1 = 5.3 x 104 M~1 sec-1 ). 

Dissociation rate kinetics studies. 

We studied the effect of ammonium sulfate precipitation on the 

dissociation rate of dimethylnortestosterone from the cytosolic and 

micro~omal moieties. 



Figure 7. Association Rate Kinetics of the Interaction Between 3H-DMNT 

and (NH412so4 Derived Cytosol Fr~ctions. 

The initial' receptor cbncentrations were 0.043 nM in the 

40% pellet _(o; Figure 7A), 0.42 nM in the 40% supernatant 

( •; Figure ,7B) , and 0. 61 nM in the 90% (NH4 ) 2so 4 precipitated 

cytosol (A; Figure 7C). Initial values of second order rate 

function= pellet (A): .5~365; supernatant (B): 2.177. r = 

0.88 for pellet and r ~· 0.98 for supernatant. in panel C, 

since Ro = So, pseudo-first order kinetics· was applied. The 

ordinate denotes the incremental changes over the specified 

time intervals in the function 1/St x 10-9 M- 1 . Initial 

value of 1/St = 2.00. r = 0.87. 
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Figure 8. Association Rate Kinetics of the Interaction Between 3H-DMNT 

and (NH412so4 Derived Microsomal Fractions. 

Ro was 0.037 nM for the 40% supernatant (panel A) and 

0.12 nM for the 90% pellet (panel B). So= 0.13 nM for the 

90% p~llet. Initial value of second order rate function 

5.618 in Figure 8A, where r = 0.87: Initial value of 

pseudo-first order rate function= 1/St = 7.692 in Figure 

8B, where r = 0.93. 
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Dissociation rate kinetic determinations had shown that uterine 

estrogen-microsomal receptor complexes were 4 times as stable as 

cytosolic estrogen-receptor complexes, measuring the dissociation rate 

constants at room temperature over a period of 24 h (Watson and Muldoon, 

1985). Keeping in mind that proteolysis of steroid receptor can occur 

·during usual procedures of differential centrifugation -(Wilson and 

French, 1979; Sherman et al., 1978) and a reported.long half-life (65 h) 

of androgen-receptor complexes measured using ventral prostate 

homogenates as source of binding activity (Hechter et al., 1983), we 
. . . 

studied the kinetics of dissociation of dimethylnortestosterone from the 

androgen receptor in isolated subcellular fractions of the rat ventral 

prostate under conditions that minimize receptor breakdown (Sherman et 

al., 1978) over a 15-day period, at 4°C. 

The half-life for dissociation of the cytosol dimethylnortestos-

terone-receptor complex was 85 ± 14 h (Figure 9A). This long half-life 

of the steroid-receptor complex does not change after partial 

purification of the receptor binding activity (Figures 9B and 9C). The 

same behavior was observed in the microsomal compartment (Figure 10); 

t~ of microsomal androgen-receptor complexes was 96 ± 11 h. 

Stability of occupied and free receptor forms. 

Degradation rate- kinetics of the complexes were studied 

simultaneously with dissociation kinetics by omitting addition of an 

excess of unlabelled hormone after reaching equilibrium of the binding 

reaction and before beginning to monitor the dissociation reaction. 

The degradation rate kinetics of the complexes showed that loss 

of the cytosol androgen receptor complexes (Figure 9A) under these 

conditions was more pronounced than that of the microsomal androgen 



Figure 9. Dissociation Rate Kinetics of 3H DMNT-Cytosol Receptor Complexes. 

Samples of unfractionated'cytosol (panel A), desalted 

reconstituted 40% (NH4 )2so4 precipitated cytosol (panel B) or 

dialyzed supernatant after 40% (NH4 )2so4 precipitation of 

cytosol (panel C) were incubated with 10 nM,8 H-DMNT for 20 h 

at 4°C. Excess labelled steroid was removed by DCC adsortion 

and unlabelled DMNT was introduced at a concentration of 

1 pM. Other groups were followed without the addition of 

radioinert steroid after equilibrium in order to study the 

degradat~on rate kinetics (e) of the complexes. Specifically 

bound DMNT was determined at the times indicated by removal 

of aliquots and separation of bound and unbound steroid with 

hydroxylapati t,~. Data followed first-order decay kinetics 

of disappearance of radiolabelled complex in all cases. 

Dissociation.rate (o) constants, k_1 were calculated as the 

slopes of the graphs of ln (dpm) specifically bound steroid 

vs time. Similar analysis allowed evaluation of kdegradation 

in the (e) groups without the unlabeled steroid 

supplementation. 

Whole cytosol: k_1 9.5 x 10-3 h-1 (r = 0.97) and t~ 73 h (o). 

kde~radation =_ 3.8 x 10-3 h-1 (r = 0.98) and t~ = 182 h (e). 

Cytosol pellet: k_1 = 1.0 x 10-2 h-1 (r = 0.99) and t~ = 69 h (o). 

-3 -1 kdegradation = 4.6 x 10 h (r = 0.96) and t~ = 151 h <•>· 
Cytosol Supernatant: k_ 1 = 9 x 10~3 h-1 (r = 0.98) and t~ = 77 h 

(o); kdegradation = 2.9 x 10-3 h- 1 (r = 0.94) and t~ = 239 h (e). 

Binding parameters at equilibrium: Whole cytosol: Bmax = 37 

fmole/mg protein; Ka 

Cytosol pellet: Bmax I 
. 9 -1 16 fmole mg protein; Ka = 3.4 x. 10 M . 

Citosol supernatant: Bmax = 30 fmole/mg protein; Ka = 4.4 x 109 M-1 . 
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Figure 10. Dissociation Rate Kinetics of 3H DMNT-Microsomal Receptor 

Complexes. 

Samp1es of unfractionated microsomes (panel A), desalted 

reconstituted 40% (NH4 )2so4 precipitated cytosol (panel B) 

or dialyzed supernatant (panel C) after 40% (NH4 )2so4 , 

precipitation of microsomes were incubated with 10 nM 

( 3H)-mibolero~e for 20 h at 4°C. Radioinert DMNT (1 pM) 

was (o) or was not (e) added after equilibrium. Analysis 

of results was ~erformed as stated in legehd to Figure 9. 

Whole microsomes: k~i = 8.-0 x 10-3 [h-1] (r = 0.98) and 

-t% _=_87 h (o)~ kdegradation = 1.i x 10-3 [h-1] (r = 0.91) 

and t% = 578 h (~). 

Microsomal pellet: k_1 = 5.0 x 10-3 [h-1] (r = 0.87) and 

t% = 139 h (o). kdegradation = 1.4 x 10-3 [h-1] (r = 0.83) 

and t% = 495 h (•). 

Microsomal supernatant: k_1.- 7.7 _x 10-3 [h-1] (r = 0.94) 

and t% = 90 h (o). kdegradation = 1.2 x 10-3 [h-1] 

(r = 0.83) and t~ = 578 h (•). 

Binding parameters at equilibrium: Whole microsomes: 

Bmax = 51.0 fmole/mg protein; Ka = 8.1 x 109 M-i. 

Microsomal pellet: Bmax = 15.8 fmole/mg protein; Ka 

1.4 x 109 M-1 . Microsomal supernatant: Bmax = 43.5 

fmole/mg protein; Ka = 4.4 x 109 M- 1 . 
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receptor complexes (Figure lOA). The estimated half-life from the 

degradation rate kinetic~ of the cytosol fraction was 182 h as compared 

to 578 h for the microsomal moieties. The stability of the steroid 

receptor complexes present in the microsomes was also greater than in 

the cytosol after salt fractionation (compare Figures 9B and lOB and 

Figures 9C with lOC), considering either the desalted 40% pellet or 

its supernatant. 
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Tables VI and VII summarize the results of these experiments on the 

estimation of kinetic parameters for the microsomal and cytosol androgen 

receptor, measured at 4°C before -and after partial purification with 

ammonium sulfate. At the-same time, it is possible to compare the ratios 

k+1/k_1 (Tables VI and VII) obtained in each fraction with the equilibrium 

association constants measured directly under equilibrium conditions 

(Table V). There is an order of magnitude difference between these 

values, a discrepancy also observed in· testis (Wilson and French, 1976). 

The unoccupied form of the native cytosol receptor is less stable 

than the unoccupied microsomal receptor (Figure 11 and Table VIII). A 

representative experiment is shown in Figure llA, where the half-life of 

the free cytosol androgen receptor is 18.7 h and that of the microsomal 

androgen receptor is 58 h. The stability of the microsomal fractions, 

as measured in the supern~tant after 40% (NH4 )2so4 treatment (Figure 

11B) and after 90% salt precipitation (Figure llC), is also higher than 

the respective cytosol fractions (Table VIII). Degradation rate 

kinetics of free cytosol receptor forms present in pellets (Figure 11C) 

and supernatants (Figure llB) obtained after salt fractionation did. not 

show any significant difference relative to the unfractionated cytosol 

(Figure llA). 



TABLE VI 

KINETIC PARAMETERS OF INTERACTION BETWEEN DMNT AND ANDROGEN RECEPTORS 
IN THE WHOLE CYTOSOL AND CYTOSOL-DERIVED 40% AMMONIUM SULFATE 

FRACTIONS. a 

Binding 
parameter 

k+ 1 (M- 1sec-1 ) 

k_1 (h-1) 

t~ dissociation (h) 

kdegradation (h -1) 

t~ degradatirin (h) 
"2 

k+1/k_1 

Whole 
cytosol 

(0.89 ± 0.19) X 105 

(8.4 .:!:_ 1.21) X 10-3 

85 2: 14 

3.8 x 1o:-3 

182 

3.81 X 1010 

40% Fraction 
Pellet Supernatant 

(1.40 ± 0.25) X 105 (0.96 2: 0.18) X 105 

(1.15 ~ 0.10) X 10-2 (7.90 .:!:_ 0.75) X 10-3 

60 + 4 89 + 9 

4.6 X 10-3 2.9 X 10-3 

151 239 

4·. 38 X 1010 4.40 X 1010 

aRate constants of association (k+t) and dissociation (k_ 1 ) were independently measured. 
Values are mean~ S.E.M. of 3-8 different experiments. kde radation is the rate of 
d~gradation of androgen receptor complexes, measured withouf the addition of a 100-fold 
excess of unlabelled steroid after achievement of equilibrium. 

00 
\0 



TABLE VII 

KINETIC PARAMETERS OF INTERACTION BETWEEN DMNT AND ANDROGEN RECEPTORS IN 
WHOLE MICROSOMES AND MICROSOMAL-DERIVED 40% AMMONIUM SULFATE 

FRACTIONSa. 

Binding 
parameter 

k+ 1 (M- 1 sec-1 ) 

k_1 (h-1) 

t~ dissociation (h) 

kdegradation (h-
1

) 

t~ degradation (h) 

k+l/k.-1 

Whole 
microsomes 

(0.70 ~ 0.12) X 105 

( 7. 2· + 0.75) X 10:.._ 3 

96. + 11 

1.2 X 10-3 

578 

3.50 X 1010 

40% Fraction 
Pellet Supernatant 

(*) (1.63! 0-68) X 105 

6.00 X 10-3 (6.70 ~ 1.~9) X 10~3 

119 (98,130) 103 + 22 

1.4 X 10-3 1.2 X 10-3 

495 578 

3.30 X 1010b 8.75 X 1010 

aRate constants of association (k+ 1 ) and dissociation (k_ 1 ) were independently measured. 
Values are mean~ S.E.M. from 3-8 different experiments (pellet: n = 2). kdegradation is the 
rate of degradation of steroid receptor complexes, measured without the addit1on of a 100-fold 
molar excess of radioinert DMNT after achievement of equilib~ium. 

(*) Binding levels were too low to establish linear association kinetics. 

bvalue estimated with k+1 obtained in microsomal fraction precipitated with 90% (NH4 )2so4 
(k+ 1 = 0.55 x 105 M- 1 sec-1 ; average of 3 different experiments). 

\0 
0 



Figure 11. Stability of Unoccupied CYtosol and Microsomal Androgen 

·Receptor Forms. 

Samples of unfractionated cytosol (panel A, -o-), 

unfractionated microsomes (panel A, -~-), 40% (NH4 )2so4 

cytosol (panel B, -o-) or microsomal (panel S, -e-) 

supernatant, 90% (NH4 )2so4 cytosol (pan~l C, -o-) or 

microsomal (pan~l c, -~-) pellet and 40% (NH4 )2so4 cytosol 

pellet (panel D) were incubated at 4°C for varying periods 

of time up to 96 h. At the indicated time i~tervals, 

aliquots were removed and incubated with 10 nM [3H]-

DMNT alone or with l pM unlabelled mibolerone for an 

additional 24 h. The remaining bound fraction was then 

assayed with DCC. Stability constants were determined from 

the slopes of the semilogarithmic plots of remaining specific 

binding activity as a function of time. 
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TABLE VIII 

STABILITY OF FREE ANDROGEN RECEPTORS IN RAT VENTRAL PROSTATE OF THE 
1 DAY CASTRATED MALE RAT.a 

FRACTION 

Whole Cytosol 
40% Pellet Cytosol 
40% Supernatant Cytosol 
90% Pellet Cytosol 

Whole Microsomes 
40% Pellet Microsomes 
40% Supernatant Microsomes 

·90% Pellet Microsomes 

ksta~ilii) 
(10 h 

t~ 
(n) 

4.1 17 
4.8 14 
3.6 19 
3.1 22 

1.4 50 
( *) 
1.9 36 
1.5 46 

aEach fraction was incubated at 4°C for varying periods of time up to 96 hours. 
Ammonium sulfate treated fractions were desalted with Sephadex G-25. At each time, 250 pl 
aliquots were removed and incubated.with 10 nM 3H-DMNT alone or supplemented with 1 pM 
unlabelled DMNT for an additional 24 hours. The remaining binding activity was then 
assayed with the DCC method. Values presented for whole fractions are means of three 

'different experiments. Other results are single experiments. Each determination was made 
in duplicate. Protein concentrations (mean) were: whole cytosol: 22.5 mg/rnl; 40% pellet 
cytosol: 2.52 mg/ml; 40% supernatant cytosol: 12.6 mg/ml; 90% pellet cytosol: 24.4 rng/ml; 
whole microsomes: 7.0 mg/ml; 40% supernatant microsomes: 1.84 mg/ml; 90% pellet microsomes: 
6.43 mg/m1. 

Percentages and designations u~ed ("pellets" and "supernatants") denote· (NH4 )2so4 
concentration and fraction used in each experiment, respectively. 

* Not detectable \0 
w 



The microsomal androgen receptor is more stable than the cytosol 

androgen receptor independent of the presence of-hormone or degree of 

purification of the moieties (Tables VI, VII and VIII, compare 

kdegradation of the complexes and kstability of free receptor forms, 

before and after salt treatment). 

Transformation capabilities of the microsomal and cytosol androgen 

receptor complexes. 

It has been shown that a uterine microsomal extract obtained 

following injection of radiolabeled estradiol into ovariectomized rats 

sediments at 4S with a minor component at 7S. (Cidlowski and Muldoon, 

1978). However, these studies were done in. the absence of added 

protease inhibitors. When a prostatic microsomal extract is obtained 

in the presence of labelled ligand and PSMF, and applied to a low salt 

containing linear sucrose gradient, the complexes sediment at 58 

(Figure 12A) with extensive conversion to a 3.58 species following 

attempted heat-induced activation_ (Figure 12B). Cytosol androgen 

receptor complexes labelled in homogenization buffer sediment at as 

(Figure 12C) as has been previously shown (Wilson ·and French, 1976, 

1979). The as cytosol receptor partially transforms to a 4.48 form 

after incubation at 24°C for 30 min (Figure 12D). 

DNA binding abilities of microsomal _and cytosol.· androgen receptor 

Non activated cytosol-androgen receptor complexes have measurable 

affinity for DNA-cellulose in the presence (Figures 13 and 14) or. 
. . . . . . . . . 

absence (Figure 15) of 10-mM molybdate under-conditions that minimize 

receptor bre~kdown (Hechter et al., 1983;- Sherman et al., 1978), with 

the extent of binding being appreciably higher in the absence of 

molybdate. Cytosol receptor complexes can be activated by heat in the 

94 



Figure 12. Sucrose Density Gradient Patterns of Micros6mal ·and 

Cytosol Androgen Receptors. 

In vitro labelling of microsomal (panels A and B) and 

cytosol (panels C and D) fractions was performed for 2 h 

at 4°C with 10 nM (3H) DMNT ~ 1 pM unlabelled DMNT. 

(•= labelled DMNT; • =labelled DMNT + 1 pM unlabelled 

steroid). Microsomal receptor complexes were then 

extracted by centrifugation at 223,000 xg for 1 h. 

Aliquots of each sample were-subsequently heated at 24°C 

for 30 min; cooled at 4°C for an additional 30 min and DCC 

was used to remove unbound steroid. Samples of warmed 

(panels B and D) and unwar~ed (panels A and C) fractions 

were applied to linear 10-30% sucrose gradients, centrifuged 

in a SW60 Ti rotor at 350,000 xg for 15,5 hand 100 pl-

fractions were collected. [14c] BSA was used as internal 

marker (arrow) at 4.4S. Specific binding (o) was the 

calculated difference between- total (•) and nonspecific 

( • ) binding values. 
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Figure 13. Saturation Analysis of the Binding of Cytosol Androgen 

Receptor Complexes to DNA Cellulose After Heat-Attempted· 

Activation. 

Bindin~ of receptor to DNA-cellulose was measured as · 

described in "Materials-and Methods". Cytosol contained 

121 fmole of receptor binding sites per mg protein. Figure 

13A shows a saturation curve representing the DNA bound 

specifically to the receptor as a function of the amount 

of DNA per tube. Figure 13B is a Scatchard plot 

representation of the same data. The abscissa is the 

specifically bound receptor, expressed as concentratirin 

(pM) of base-pair s~tes; the ordinate is the r~tio of the 

DNA bound to ·receptor to the total number of DNA binding 

sites. The amount of 3H-DMNT-receptor complex bound 

to DNA, when expressed as percentage of the amount 

of complex incubated with DNA (%input) was 1.8% for 

unwarmed cytosol (e) and 4.6% for warmed (o) cytosol AR. 

Equilibr~um dissociation constants of the receptor complex-· 

DNA interaction were 1.10 pM (unwarmed cytosol).· and· 0. 22 pM 

(warmed cytosol). 
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Figure 14. Saturation Analyses of the Binding of Cytosol Androgen 

Receptor Complexes to DNA Cellulose Before and After 40% 

(NH412~o4 Precipitation in the Presence of Molybdate .. 

Binding of receptor to DNA-cellulose and expression o'f 

results as described in "Materials and Methods" and legend 

of Figure 13. Unfractionated cytosol receptor complexes (e) 

contained 13 fmole of specific binding sites per mg protein, 

and after 40~ salt treatment (o) contained 60 fmole/mg 

protein .. % Input was 5.3% for untreated cytosol. Binding 

was undetectable with· the salt-treated samples. 
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Figure 15. Saturation Analyses of the Binding of Cytosol Androgen 

Receptor Complexes to DNA-Cellulose Before and After 90% 

(NH412so4 Precipitation in the Absence of ·Molybdate. 

Molybdate was omitted from the homogenization buffer. 

Unfractionated cytosol complexes contained 24 fmole of 

binding sites/mg protein ~nd after 90% salt treatment they 

contained 44 fmole/mg protein. %Input was 17.7% for· 

untreated cytosol and 15.1% for salt-treated samples (panel 

A). Kd = 1. 44 pM for unfractionated cytosol complexes ·(•) 

and 0.23 pM for salt-precipitated complexes (o) (panel B). 
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presence of molybdate, with an equilibrium dissociation constant of the 

androgen receptor complex-DNA interaction of 1.45 ± 0.31 pM (1.86, 1.4, 

1.1) for non activated complexes (Figure 13) and 0.71 pM (average of two 

experiments: 0.22, 1.20) for activated complexes by incubation at 24°C 

for 30 min (Figure 13), with an increase in the percentage of androgen 

receptor complexes pound to DNA from-1.8% to 4.6% expressed as the 

fraction of receptor complexes able to bind DNA at equilibrium relative 

to the amount of complex incubated with. DNA. 

Attempted salt-induced activation of cytosol androgen-receptor 

complexes by 40% (NH4 )2so4 precipitation in the presence of molybdate 

was unsuccessful -(Figure 14) . However, androgen receptor complexes can 

be activated after 90% (NH4)2so4 treatment in the absence of molybdate 

(Figure 15), in this instance displaying an increased affinity for DNA

cellulose (Kd for receptor complex-DNA interactions = 0.23 pM after 

salt-activation, compared with 1.44 pM for nonactivated complexes), 

without a change in the percentage of complexes bound to DNA (Figure 

15). 

Microsomal androgen receptor extracted in homogenization buffer in 

the presence of labeled mibolerone was used to study the DNA-binding 

ability of the microsomal androphiles. These moieties were not able to 

bind DNA under th.e same conditions already described for cytosol 

complexes. Warming of microsomal c.omplexes to 24 °C for 30 min did not 

result in potentiation of binding of ·microsomal androgen receptor 

complexes to DNA. 40% and 90% precipitation with ammoni urn. sulfate 

in the presence or absence of molybdate likewise did not produce DNA 

binding ability in microsomal androgen receptor complexes extracted from 

the ventral prostate of the 1 day castrated male rat. 
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The presence of a microsomal inhibitor of binding of microsomal 

androgen receptor complexes to DNA was examined by mixing experiments. 

Figure 16 shows the results of mixing extracted microsomal complexes 

with equal amounts of cytosol receptor complex. Previously washed 

microsomal pellets were also· labelled, extracted and subsequently mixed 

in equal amounts with cytosol complexes. Both approaches showed absence 

of activation of the microsomal complexes and appearance of increased 

DNA binding ability of the mixed preparations after heat-attempted 

activation (Figure 16), to a level similar· to appropriate controls done 

with different dilutions of cytosol complexes alone (Figure 17). 

Average values of Kd for receptor complex-DNA -interactions in cytosol 

were 1 pM for nonactivated and 0.7 pM for activated complexes. These 

results indicate the absence of an inhibitor of DNA binding which might 

have explained the lack of DNA binding ability of the microsomal 

complexes, as compared to the cytosol androgen receptor form. 

Extractability of microsomal androgen receptors of ventral prostate 

Receptor-like proteins have been described in calf uterine 

microsomes (Paril<h et al., 1980) which are bound to the particulate 

matter so strongly that they are even resistant to detergent disruption. 

To examine the nature of the ventral prostate microsomal androphiles, 

attempts were made to solulibize the sites. 

Homogenization of microsomes in isotonic sucrose buffers (10 mM 

Tris, 0.0015 M Na2EDTA, 0.5 mM DTT, 10 mM Na2Mo04 , 1 mM PMSF, 8.5% (w/w) 

sucrose, pH 7.4 at 4°C) allowed solubilization of 70% of the binding 

sites, irrespective of the presence of ligand or duration of extraction 

(Tables .. IX and X). There was appreciable enrichment of the specific 

binding activity after extraction for. 2 h or 19 h, at 4°C (Table IX). 



Figure 16. DNA Binding Ability of Microsomal Androgen Receptor. 

Microsomal pellets were labelled with 5 nM 3H-DMNT for 20 

h at 4°C, unbound steroid was removed with DCC and receptors 

were extracted by centrifugatirin at 223,000 g by 1 h 

('extracted' microsomal receptor). Alternatively, 

microsomes were wa~hed once an~ then labelled, DCC treated 

and extracted as before ('extracted and washed' microsomal 

receptor). 

Equal amounts of these microsomal preparations and cytosol 

complexes were mixed or kept separate. After heat-attempted 

activation (24°C, 30 min) of appropriate aliquots, DNA 

binding assays were performed as described in 'Material~ and 

Methods". Inputs: 31.2 fmole/tube ('extracted' microsomal 

receptor alone (panel A) or in the presence of e.qual amount 

of cytosol receptor (panel B) and 12.1 fmole/ tube 

('extracted and washed' microsomal receptor alone (panel C) 

or in the presence of equal amount ·Of cytosol receptor 

(panel D)). 



.12 

.08 . 

. 04 

,......._, .40 
CW) 

0 ,-

~ 
. 20 

-c 
c 
:::s 
0 m 

.08 
:E 
CL. 
c .04 

.08 

.04 

A 

B 

c 

D 

• 

• 

o Non Activated 
• Heat-Activated 

20 40· 60 . ··SO·· 100 120 140 160 

[JAg DNA/tube] 



Figure 17; DNA Binding Ability of Cytosol Androgen Receptor.· 

Cytosol of 24 h castrated rat ventral prostate was 

isolated ~nd labelled with 5 nM 3H-DMNT for 20 h at 4°C. 

Unbound-steroid-was removed with DCC and ~amples were 

diluted with homogeriiz~tion buffer to the-_following levels 

of input per tube: 952 (panel A), 84.2-(panel B), 22.1 

(panel C) and 10.1 (panel D) fmole. After heat-attempted 

activation (24°C, 30 min) of appropriate aliquots, DNA 

binding assays were performed as stated in 'Materials and 

Methods'. 
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Total recoveries were 79% and 70% for 2 h and 19 h respectively for 

extraction in the absence of the ligand (Table X). The presence of the 

ligand allowed full recovery after extraction, indicating a protective 

effect of dimethylnortestosterone, contributing to the stabilization of 

the microsomal binding sites (Table X); Sucrose is more effective than 

glycerol in promoting extraction of the microsomal androgen receptor in 

the presence of the hormone (Table XI). 
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Homogenization in sucrose and subsequent reconstitution of isolated 

microsomes in the same.homogenization buffer supplemented with different 

amounts of KCl gave the unexpected results shown in Figures 18 and 19. 

Extraction of microsoma~ androgen binding sites in the presence of KCl 

indicated that salt decreased the specific binding activity (Figure 18) 

as well as the total binding capacity (Figure 19), of the microsomal 

receptors in a concentration-dependent manner. At the same time, KCl 

induced a decrease in the equilibrium association_ constant of the 

interaction between microsomal androgen- receptor and dimethylnortestos

terone (Figure 20), indicating increasing dissociation of the binding of 

hormone in the presence of salt. These results show that microsomal 

steroid receptors from different systems have different extractability 

prope~ties, since microsomal estrogen binding sites are readily 

extractable with KCl-free hypotonic buffer or with 0.4 M KCl but are 

resistant to extraction with 0.15 M KCl--(Watson and Muldoon, 1985). 

The effect of detergents on the microsomal binding activity was 

examined. Microsomes were preincubated with· 0.01 to 2% (v/v) sodium 

chelate (high critical micellar concentration, easy to remove) or Triton 

X100 (low critical micellar concentration~ hard to remove) for 30 min at 

4°C. The membranes were collected by centrifugation, washed three times 



TABLE IX 

EXTRACTABILITY OF MICROSOMAL ANDROGEN RECEPTORS OF VENTRAL PROSTATE 

Duration of 
Extraction 

2 h 

19 'h' 

Ka 
( 1010· '1\f-1). 

Extracted Residual 

1.2 0.8 

1.4 0.7 

Bmax 
(fmole/mg protein) 

Extracted Residual 

92.1 11.9 

68.4 9.7 

Micr6somal fractions were isolated after homogenization in TEDMSP and incubated in 
the absence of ligand for 2 h or 19 h, at 4°C. Extracted and residual fractions were 
subsequently obtained.by centri~ugation at 223,000 xg for 1 hand assayed by ~~turation 
binding ~nalyse~. c6ritrol values before extraction wete 36.1 fmole/mg protein. 

10 -1 Ka = 0.9 X 10 M .. 

...... 

...... 
0 



Duration of 
Extraction. 

2 h 

. 19· h 

TABLE X 

EFFECT OF THE PRESENCE OF THE LIGAND ON THE EXTRACTABILITY 

OF MICROSOMAL ANDROGEN RECEPTORS OF RAT VENTRAL PROSTATE 

% Recovery of total specific micro~omal 
androgen-bind~ng capacity 

Extracted Residual 

- Ligand +. Ligand - Ligand + Ll.gand 

56 76 23 36 

53 61 17 52 

Microsomal fractions were isolated after homogenization in TEDMSP and incubated in 
the pres~~c~-or ~b~ence of the ligand for 2 h or 19 h. at 4°C. Extracted and residual 
fractions were obtained by centrifugation at 223,000 xg for 1 .h and assayed for binding 
activity. Total Specific Binding Capacities of control groups were 906.1 fmole (- ligand) 
and 84 fmole (+ ligand). 

..... ..... ..... 



TABLE XI 

A COMPARISON OF THE EFFECTS OF GLYCEROL AND SUCROSE ON THE EXTRACTABILITY 

OF MICROSOMAL ANpROGEN RECEPTORS OF VENTRAL PROSTATE 

% Recove~y of total specific microsomal androgen-binding capacity 

CONDITION EXTRACTED RESIDUAL 

+ glycerol 49.3 ± 1.5 51.7 ± 2.1 

+ sucrose 67.3 ± 1.1 32.7 ± 1.1 

Microsomal AR was incubated in. the presence of 5 nM 3H-DMNT for 2 h at 4°C and extracted 
by centrifugation at 223,000 xg for 1 h. Radioactivity, .protein and. volumes were estimated 
in pellet and supernatant,· in each condition. Total binding capacities are estimated from 
specific bind~ng activity (Bmax; fmole/mg protein), prOtein concentration (mg/ml) and ~otal 
volumes of each fraction. Homogenization and microsomal isolation and extraction was 
done in 10 mM Tris. 1.5 mM Na2EDTA, 0.5 mM OTT, 10 .mM Na molybdate, 1 mM PMSF and 10% 
(v/v) glycerol ·or 8-.5% (w/w) sucrose, pH 7.4 (4°C). Results are expressed as averages± SO 
(n = 3). Coritrol values (100%} ~ere 0.73 pmole (+glycerol) and 1.92 pmole (+sucrose). 

...... 

...... 
N 



Figure 18. Effect of KCl on the Specific Binding Activity of Unoccupied 

Micro~omal Androgen Receptor. 

Postmitochondrial supernatant obtained from ventral 

prostate homogenized in TEDMSP was split into equal 

aliquots. Isolated microsomal pellets were reconstituted' 

in homogenization buff~r~supplemented with increasing KCl 
. , ... ·-

concentrations and incubated. for :2· h or, 19 h, -··at 4 oc. After, 

centrifugation, binding actiVity was assayed under standard 

conditions, as described in 'Materials and_ Methods'. The 

specific activity is expressed as a function of the protein 

concentration. 
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Figure 19. Effect of KCl on Total Specif1c Binding Capacity of 

Unoccupied Microsomal Androgen Receptor.· 

Microsomes·were incubated for 2 h or 19 hat 4°C in 

the presence of increasing KCl concentrations. After 

centrifugation, extracted and residual membranes were 

assayed for binding activity· as described in 'Materials and 

Methods'. Total binding capacities were·estimated frOm 

measured volumes, protein concentrations and specific 

binding activities of each fraction. 
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Figure 20.-Effect of KCl on the Equilibrium Association Constant of 

Microsomal Androgen Receptor and Dimethylnortestosteron~~ 

Microsomes were extracted as described in legend of Figure 

18. Equilibrium association constants were estimated from 

Scatchard analysis of saturation binding assays performed in 

each fraction. 
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with 10 volumes of homogenization buffer (TEDMSP) and reconstituted 

in measured volumes of the original buffer. Protein determinations were 

made on perchloroacetic-precipitated, ether-ethanol (1:3)-extracted 

aliquots of the membrane suspensions (Torngvist and Belfrage, 1976; 

~owry et al., 1971). Control membranes were treated similarly without 

the detergent. Binding of 3H-dimethylnortestosterone was determined 

under standard assay conditions as described under "Materials and 

Methods"~ Sodium cholate and Triton X100 caused a decrease in specific 

binding (Figure 21) as well as in total binding capacity (Figure 22) of 

mibolerone. Membrane protein was also lost by detergent extraction, in 

a concentration-dependent manner (Figure. 22) . 

Acceptor capability of microsomes for cytosol receptors after removal 

of microsomal receptor 

Regulation of nuclear receptor turnover by virtue of producing 

acceptor sites for u~take of free or loosely associated nuclear 

complexes, previously thought to exist in the cytosol, has been proposed 

as a role for microsomal estrogen receptors in the rat uterus (Watson 

and Muldoon, 1985). We examined whether residual microsomes 

following extraction-in homogenization buffer supplemented with isotonic 

sucrose had the characteristics of saturable acceptor sites for 

.cytosol androgen-receptor complexes- in the rat ventral prostate 

(Table XII). The concentration of specific binding sites as well as the 

total specific biriding capacity o~ the-mixed preparations reached levels 

similar to that originally seen in the microsomes, regardless of the 

amount of receptor p~e~ented to them (Table XII). Thi& titration 

experiment revealed-that the concentration of acceptor _sites closely 

approximated the number of sites original}~ occupied by the microsomal 



Figure 21. Effect of Detergents on the Specific Binding Activity of the 

Microsomal Androgen Receptor. 

Microsomes were preincubated with 0.01 to 2% (v/v) of 

sodium cholate ( ~ ) or Triton X100 ( A ) for 30 min at 4°C. 

The membranes were collected, washed and assayed for binding 

activity as described in 'Materials and Methods". Specific 

binding activities in ·the abs~nce of detergent were 27.4 

( ~ ) and 13.4 ( A ) fmole/mg protein. 
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Figure 22. Effect of Detergents on the Total Binding Capacity of the 

Microsomal Androgen Receptor. 

The effect of increasing concentrations of sodium cholate 

(panel A) or Triton XlOO (panel B) on the binding capacities 

of microsomal membranes from ventral prostate was examined 

as described in the legend of Figure 21 and- 'Materials and 

Methods'. Total binding capacities were estimated from 

final volumes of reconstitution of detergent-treated 

membranes, protein concentration -and specific binding 

activity of each fraction. Values of total binding 

capacities in the absence of detergent were 43.3 fmole 

(panel A) and 27.9 fmole (panel B). 
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TABLE XII 

ACCEPTOR CAPABILITY OF MICROSOMES FOR CYTOSOL RECEPTORS AFTER 

Condition 

Original 

Exhausted 

Reconstituted (1:1) 

Reconstituted (1:3} 

Reconstituted (1:4) 

REMOVAL OF MICROSOMAL ANDROGEN RECEPTOR 

Cone. of Specific 
Binding Sites 

(fmole/mg protein) 

42.2 

16.0 

23.0 

33.0 

34.5 

Ka 
(1010 M-1) 

2.3 

1.7 

1.7 

1.4 

2.2 

Total Specific 
Binding Capacity 

(pmole) 

0.29 

0.08 

0.12 

0.23 

0.26 

Microsomes were prepared by differential centrifugation, washed and suspended in 
homogenization buffer with 8.5% (w/w) sucrose. One-third was taken for measurement of 
the "Original" specific _androgen-binding capacity by saturation binding anslysis. The 
remainder was extracted into steroid-free buffer and the pellet, representing "Exhausted" 
microsomes was re-isolated by ultracentrifugation. Half of these resuspended pellets were 
submitted to mibolerone. binding analysis, and the other half was mixed with either an 
equivalent volume (1:1), 3 volumes (1:3) or 4 volumes (1:4) of original cytosol; these 
samples represented the "Reconstituted" microsomal preparati6ns. Followirig mixing, the 
cytosol-~icrosome samples were subjected to binding analysis using the pelleted resuspended 
material as source. Total binding capacities were estimated from the specific binding 
activities and total protein content of each fraction. 

...... 
N 
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receptors. This receptor exchange.capability may provide an important 

clue to the function of the microsomal binding proteins as regulators of 

receptor distribution. Scatchard depictions of the site reconstitution 

analyses are shown in Figure 23. 

Similar experiments were performed using micro~omal preparations 

from diaphragm tissue of 24 h castrated male rats. Washing these 

microsomes in a manner identical to that which liberated cytosol 

receptor-binding sites on prostatic microsomes did not endow the 

non-target microsomes with acceptor capacity for prostatic cytosol 

androgen-receptor complex. 

Correlation between subcellular distribution of androgen-binding sites 

and various enzymatic markers 

Together with the description and characterization_of the 

microsomal androgen'receptor of·ventral prostate, it was of interest 

to assess the contribution of plasma·'membranes.to the total microsomal 

binding capacity of the_prostatic cell. The ~ffectiveness of any cell 

fractionation.saheme is limited by unavoidable shearing of plasma 

membranes and fragmentation of_organelles that occur during 

homogeriiz~tion and separation of subcellular fractions (De Pierre 

and Karnovsky, 1973). 

We assessed the distribution of glucose-6-phosphatase (a microsomal 

marker), Na+/K+ ATPase and 5'nucleotidase (plasma membrane markers), 

succinic dehydrogenase (a mitochondrial marker) and lactic dehydrogenase 

(cytosolic marker) in nuclei, mitochondria, microsomes and cytosol 

fractions obtained from ventral prostate homogenates of 24 h castrated 

rats. Table XIII shows the subcellular distribution of the specific 

activities of these markers. Enrichments· (ratios of specific activity 



Figure 23. Reconstitution of Androphile-microsome Complexes. 

Conditions described in Table XII were used to prepare, 

successively, unextracted microsomes (o), androphile-

depleted microsomes (e) and cytosol receptor-occupied 

microsomes (1:1, 6.; 1:3, o -; 1:4, A). For each of the 

samples, saturation binding analysis were performed under 

standard conditions described in 
1
'Materials and Methods'. 

Specific binding was calculated and the data were subjected. 

to the depicted Scatchard analysis. The range of (3H) 

dimethylnortestosterone concentrations employed was 0~1~4 nM 

with or without a 100-fold molar excess of unlabeled 

dimethylnortestosterone. 

·:.,.· .·, 
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of each enzyme/specific activity ,pf the homog~~ate) of each marker were 

typically high in cytosol for LDH, in microsomes and mitochondria for 

G6Pase (due to the presence of heav~ microsomes in mitochond~ia), and 

in nuclei and mitochondria for SDH.- There were also high enrichments 

of 5'nucleotidase in microsomes and Na+/K+ATPase in mitochondria, 

suggesting plasma membrane presence in these subcellular fractions, 

although the distribution of 5'nucleotidase does not agree with that of 

LDH. A large amount of the 5'nucleotidase was in the soluble fraction 

of the cell. However, 56% of the Na+)K+ATPase (Table XIV) was present 

in the nuclei pellet. 
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Separation of plasma membranes and microsomal membranes from rat ventral 

prostate homogenates. 

Since 46% of the total content of G6Pase and 56% of the 

Na+/K+ATPase (Table XIV) were present in the nuclei pellet, we used this 

material as a source of membrane fraction. The protocol of choice was 

similar to a reported successful procedure (Pietras and Szego, 1979) 

used in the isolation of uterine plasma membranes. Figure 24 summarizes 

the scheme finally adopted, which necessitated the use of two successive 

gradient fractionations to effect separation of membrane fractions with 

retention of binding activity. A photograph of the second gradient 

(Figure ~5) is also shown, before -fraction collection. The separation 

results per se are shown. in Figures 26 through 29. The first separation 

through the discontinuous 8.5-45% sucrose. gradient yielded five 

fractions plus the sedimenting material, N6 . Fractions N2-N4 were 

pooled since the density range (1.13-1.18) corresponded to that 

encompassing the membrane structures of interest to us; the pool 

is designated N2 in Figures 26 and 27. 23% (0.36 pmole) of the total 



TABLE XIII 

DIS1RIBUTION OF SPECIFIC BINDING ACTIVITIES AND RELATIVE ENZYME ACTIVITIES (SPEC. 

ACT. FRACTION/SPEC. ACT. HOMOGENATE) IN SUBCELLULAR FRACTIONS OF RAT VENTRAL PROSTATE 

Specific Binding R~lative Enz~me Activities 
Fraction Activity (Spec. Act. Fraction/Spec. Act. Homogenate) 

(fmole/mg protein) 
SDH LDH G 6 Pase 5'Nuc Na+/K+ATPase 
(2) (3) (2) (2) (3) 

Nuclei 10.0 1.7 ± 0.2 0.37 ± 0.05 0.9 ± 0.0 0.5 ± 0.1 1.2 ± 0.2 

Mitochondria 46.4 1.8 ± 0.4 0.34 ± 0.04 2.3 ± 0.0 1.1 ± 0.2 2.8 ± 0.3 

Mi crosomes. 41.0 0.5 ± 0.4 0.38 ± 0.14 4.6 ± 0.2 3.1 ± 0.6 1.1 ± 0.7 

Cytosol 81.3 0.07 ± 0.01 2.0 ± 0.05 0.5 ± 0.1 1.2 ± 0.2 0.5 ± 0.1 

Values are mean± SD (n = 3) or mean± range (n = 2). Specific biriding activities (Bmax) 
were estimated from a seven point Scatchard binding analysis performed in each fraction. 
Values between brackets are number of experiments. 
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TABLE XIV 

DISTRIBUTION OF TOTAL BINDING CAPACITY AND TOTAL ENZYME CONTENTS IN 

SUBCELLULAR FRACTIONS OF RAT VENTRAL PROSTATE 

Fraction Total Binding Total Enzyme Contents (% Recovery) 
Capacity (%) 

SDH LDH G 6 Pase 5'NUC Na/K ATPase 

Nuclei 13 81_ ± 7 17 ± 3 46 ± 1 26 ± 6 56 ± 11 

Mitochondria 6 15 ± 7 2.3 ± 0.5 12 ± 1 7 ± 1 10 ± 7 

Microsomes 5 3 ± 0 1.3 ± 0.5 23 ± 0 14 ± 4 13 ± 5 

Cytosol 76 13 ± 3 79 ± 14 20 ± 5 43 ± 6 23 ± 6 

Values are mean± SD (n = 3) or mean± range (n = 2). Enzyme assays for each fraction were 
done in duplicat·e using at least two different dilutions for the sample. Percentage values are 
relative to those of the homogenates. The homogenate total binding capacity was 2.19 p mole/g 
prostate. Total enzyme activities in homogenate: SDH (n = 2) = 1.24 ± 0.32 pmole formazan min- 1 

LDH .(n = 3) = 99 ± ~6 pmole NADH oxidized.min- 1 : G 6 Pase (n = 2): 21.86 ± 4.0 pg Pih-1 ; 5'NUC 
(n = 2) = .121.~6 ± 7.·1 mg,Pih-1 ; Na+/K+ATPase (n = 3): 74.65 ± 38.3 pmole p-nitrophenol h-1 . 

..... 
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Figure 24. Experimental Procedures Employed to Separate Microsomal 

Membranes from Plasma Membranes- Using a Nuclear Pellet 

Obtained from Ventral Prostate Homogenates. 

A flow diagram for homog~niz~tion and fractionation 

of isolated nuclear pellets is presented. A complete 

description of the structure of the gradieni~·as well 

as markers, binding and protein assay~ is provided in 

'Materials and Methods'. 



ISOLATION OF SUBCELLULAR FRACTIONS AND PLASMA MEMBRANES 

/\. 

HOMOGENATE 
1.) Homogenize in Polytron PT 1 0 (Set 4) in 

TEDSP (1 OmM Tris, 1.5mM Na2 EDT A, 
O.SmM OTT, 8.5% (wfv) sucrose, 
1 mM PMSF, pH 7.4 at 4°C), with 
3 bursts of 10;, and 15'' on h::e among 
each, 550 ~g/ml [(buffer/tissue) ratio]. 

2.) Centrifuge 800 X g, 20 min 

I I 
CRUDE NUCLEAR · CYTOPLASM 

Resuspend 
in 45% sucrose, 

3 strokes of teflon 
pestle (clearance: 180 11m) 

· centrifuge 
67,000 X g, 

2 h 

. PELLET . 111,000 X g, 15 rnin. 
Resuspend 1n - -

teflon pestle 
TEDSP, 2 strokes of I J 
(clearance: 230 11m) - MITOCHONDRIA POSTMITOCHONDRIAL 
("-~ .550 mg/ml) +- LYSOSOIVIE FRACTION SUP_ERNATANT 

N1 ~ 8.5% -sucrose( p = · 1.03) 
N2 31% sucrose ( p =1.13) 

N3 _ 37.%. su~rose ( p =1.16) 
N4 41% sucrose_ ( p =1.18) 

N5 45% sucrose ( P =1.20) 

Ns 
N1 25% sucrose ( p =1.10) 

N2 31% sucrose ( p =1.13) 

N3 37% sucrose ( fJ =1.16) 

N4 41.% sucrose ( p·=1.18) 

N 5 ·45% sucrose ( D = 1.20) 

N6 52% sucrose ( p = 1.24) 

~CENTRIFUGE 67,000 X g, 2h 

Collect fractions 
for enzymes, binding, 
protein assays. 

MICROSOMAL 
PELLET 

223,000 X g, 1 h 

SUPERNATANT 
(cytosol) 



Figure 25. Photograph of Sucrose Gradient II Used to Separate 

Microsomal Membranes from Plasma Membranes. 

Photograph was taken after centrifugation at 67,000 xg 

for 2 h, at 4°C, of a discontinuous sucrose gradient 

(25-52% (w/w) sucrose) used to separate membranes 

from a pool of fractiohs at p = 1.1a; 1.16 and 1.18-

obtained in gradient I. (shown in Figure 24) 



Figure 26. Distribution of Specific Binding Activities and Relative 

Enzyme Activities (Spec. Act. Fraction/Spec. Act. 

Homogenate) Along Gradient I. 

Ventral prostates of 24 h castrated male rats were 

homogenized and the crude nuclear fractions were subjected 

to the successive sucrose gradient systems outlined in 

Figure 24. The results of binding activity and membrane 

marker activity are shown here for. fractions from the first 

gradient. N1 : p = 1.oa; N2 =pool of fractions ~t p 

1.16 and 1.18; N3 : p = 1.20; N4 = bottom. 

1.13, 
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Figure 27. Distribution of Total Specific Binding Capacities and Total 

Enzyme Contents Along Gradient I. 

Total activities were estimated from volumes of each 

reconstituted -fraction, protein content and specific 

activities of markers or binding. Results from first 

gradient are presented, as outlined in Figure 24; 
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Figure 28. Distribution of Specific Binding Activities and Relative 

Enzyme Activities (Spec. Act. Fraction/Spec. Act. 

Homogenate) Along Gradient II. 

Results for the second gradient shown in Figure 24. The 

pool of fractions at p = 1.13, 1.16 and 1.18 obtained from 

the first gradient (Figures 26 and 27) was applied to the 

bottom of this second gradient over a 52% sucrose cushion. 

The designations along the abscissa correspond exactly to 

the corresponding notations in the second gradient depicted 

in Figure 24. 
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Fig~re 29. Distribution of Total Specific Binding Capacities and Total 

Enzyme Contents Along Gradient II. 

Total activities were .. estimated from volumes of each 

reconstituted fraction, protein content and specific 

activities of markers or binding. Results from the second 

gradi~nt _are presented,- ~s outlined in Figure 24. 
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binding capacity (1.6 pmole) of this gradient was recovered in N2 , which 

also contained 41% of the Na+/K+ATPase and 40% of total 6GPase content 

of the gradient I (Figure 27). No discrimination between plasma 

membrane binding and endoplasmic reticulum binding could be discerned in 

this portion of the first gradient, as evidenced by high levels of both 

enzymes. Therefore, the N2 pool from gradient I was fractionated on a 

telescoped gradient II (25-52% sucrose) and the fractions depicted in 

Figures 28 and 29 were collected, corresponding to the densities shown 

for the corresponding regi-ons in Figure 24. Comparison of enrichment of 

androgen binditig capacity and of relative plasma membrane content showed 

· an inverse relationship over the gradient II. Fraction N4 was rich in 

binding activity and plasma membrane-poor (relative to the microsomal 

marker activity). This N4 fraction contained 73% of the total binding 

capacity of gradient II and only 14% of the total content of 

Na+/K+ATPase. 84% of the total content of Na+/K+ATPase and only 27% of 

the total binding capacity were·concentrated in the 25-31% and 31-37% 

interfaces of the second gradient, which consists mainly of smooth 

surfaced vesicular membranes (Figures 30 and 31). N4 was· the 37-41% 

interface, and electron microscope analyses showed a fraction rich in 

rough endoplasmic reticulum and ribosomes (Figure 32) indicating that 

the microsomal binding is preferentially associated with the classical 

microsomal-defined membrane ·structures rather than with the associated 

plasma membranes. 5'nucleotidase was easily solubilized and did not 

show enrichments along fractions of both nuclei gradients. Recoveries 

of this protein were low (Table XV) due to the high degree of 

ex~ractability of this enzyme marker; for this reason, we based our 

separation conclusions on distribution·of Na+/K+ ATPase as the plasma 



Figure 30. Electron Micr~graph of N2 Fraction from Second Gradient. 

An aliquot of reconstituted N2 fraction collected from the 

second sucrose gradient outline~ in Figure 24 was fixed in 

3% glutaraldehyde, postfixed in 2% osmium tetroxide and 

embedded in Epon, as detailed in 'Materials and Methods'. 

They were then placed.on 200 mesh copper grids, stained with 

2% uranylacetate and counterstained with lead citrate. 

Mitochondria and 1ipofuchsin granules are present among 

smooth surfaced vesicular membranes. X 37,500. 
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Figure 31. Electron Micrograph·of N3 Fraction from Second Gradient. 

An aliquot of reconstituted N3 fraction collected from the 

second sucrose gradient outlined in Figure·24 was processed 

for transmission electron microscopy as stated in legend of 

Figure 30 and in 'Materials and Methods'. This fraction 

contains mainly smooth surface vesicular membranes. X 

37,500. 
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Figure 32. Electron Micrograph of N4 Fraction from Second Gradient. 

An aliquot of reconstituted N4 fraction from the second 

sucrose gradient outlined in Figure 24 was processed for 

electron microscopy as described before in legend of Figure 

31 and in 'Materials and Methods'. This fraction contains 

primarily ribosomes and rough endoplasmic reticulum. 

X 98,000. 





TABLE XV 

DISTRIBUTION OF 5'NUCLEOTIDASE ALONG 'NUCLEI' GRADIENT t 

Fraction Enrichment a Total Enzyme 
Contentb (%) 

-

Homogenate 1.0 100 

Nuclei 0.45 ± 0.045 16 ± 0.45 

N1 0.10 ± 0.02 0.023 ± 0.003 

N2 0.23 ± 0.08 1.09 ± 0.81 

N3 0.17 ± 0.005 0.15 ± 0.07 

N4 0.21 ± 0.06 0.19 ± 0.14 

N5 0.44 ± 0.34 0.28 ± 0.14 

N6 0.05 ± 0.02 0.20 ± 0.04 

"Nuclei" is the 800 xg pellet from the prostate homogenate. Values shown are mean ± 
range (n = 2). 100% is the total activity in the.homogenate (335.1 ± 19.4 mgPi H- 1 ). 
Each f~action was collected and sucrose was removed by dilution and centrifugation at 
60,000 xg for 40 min. Most of 5'Nucleotidase is present in the supernatant obtained 
after this last centrifugation. Total recovery along gradient: 12 ± 4% (average ± 
range , n = 2 ) . 

L • 

aEnrichment = SPEC. ACT. FRACTION/SPEC. ACT. HOMOGENATE. 
bPercentages from N1. to N6 fractions are expressed respect to total enzyme content 
present in homogenate. 
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membrane marker of choice. 

We also used the mitochondrial pellet- as a source of membrane 

subfractionation. The fractionation. protocol used is shown in Figure 33 

and involved the separation of a mitochondrial pellet on a single 

discontinuous sucrose gradient (25-31-37-41-45-52%). ATPase enrichment 

decreased progressively toward the bottom of the gradient, in contrast 

to the G6Pase pattern (Figure 34). Consequently, the ATPase/G6Pase 

ratio varied essentially as did the ATPase alone. If the androgen 

binding sites co-sediment with microsomal membranes and not with plasma 

membranes, we would expect that the ratio (total GPase/total androgen 

binding capacity) in each fraction would be closer to 1.0 than 

(ATPase/binding capacity) or (SDH/binding capacity). The ratio of total 

enzyme activity to total androgen-binding activity (Figure 35) yielded: 

for 6G-Pase, 1.8, 0.7, 1.7 and 1.2 in fractions 3-6, respectively; for 

ATPase, 3.4, 1.0, 1.5 and 0.2; and for SDH, 0.0, 1.0, 2.1 and 0.4. 

Thus, the binding sites were preferentially associated with the 

endoplasmic reti cul urn, ·results which are in agreement with those shown 

with the use of the nuclei pellet as source of membranes. 

· 5'nucleotidase qid not show enrichments along all fractions collected 

from this mitochondrial gradient (Figures 34 and 35) in agreement 

with the results shown in Table XV-, again indicating that 

5'nucleotidase is not a valid marker for rat ventral prostate plasma 

membranes. 

Effects of antiandrogens on binding properties of various androgen 

receptor forms 

Sex hormone antagonists could act at the microsomal level to 

control posttranscriptional actions of steroids, so we decided to 



Figure 33. Experimental Procedures Employed to Separate Microsomal 

Membranes from Plasma_ Membranes Us.ing a Mi toch_pndrial 

Pellet Obtained from Ventral Prostate Homogenates. 

A flow diagram for homogenization and fractionation of 

isolated mitochondrial pellets is presented. Further 

description of the construction of the gradient is given 

in 'Materials and Methods'. 



ISOLATION. OF SUBCELLULAR FRACTIONS AND PLASMA MEMBRANES 

. · ·HOMOGENATE 

NUCLE·AR PELLET 

Resuspend in . 45% 
sucrose, 3 strokes of · 
Dounce . (p.estle .A) 
Centrifuge 67,000xg, 
2 hours 

· 1.) Homogenize in Polytron PT 10 (Set 4) in TEDSP 
(10mMTris, 1.5mM Na2 EDTA,O.SmM OTT, 8.5% 
(w/v) sucrose, 1mM PMSF, pH 7.4 at 4°C), 
550mg/ml [(buffer/tissue) ratio]. 

2.) Centrifuge 800xg, 20 min. 

CYTOPLASM 

lt1,oooxg, 15 minutes 
r----- --- - - · 1 

MITOCHONDRIAL . POSTMITOCHONDRIAL 
· PELLET SUPERNATANT 

... I· 

, N1 
N2 
Na 
N4 
Ns 
Ns ......... 

25% sucrQse (p=1.10) 
31% sucrose (P=1.13) 
37% sucrose (p=1.16) 
41% sucrose (p=1.18) 
45% sucrose (p=1.20) 
52%. sucrose '(p=1.24) 

Centrifuge 67,000xg, 2 hours 

Collect fractions for enzymes, 
binding, protein ~ssays 



Figure 34. ·Distribution of Specific Binding Activity and Relative 

Enzyme Activities (Spec. Act. Fr.action/Spec. Act .. 

Homogenate) Along a· ~Mitochondrial~ Gradient. 

Ventral prostates of 24 h castrated male rats ~ere 

homogenized and the mitochondrial pellet obtained by 

differential centrifugation procedures outli~ed in Figure 

34. The results of binding activity and enzyme activity of 

each marker is presented·here, in ~ach fraction collected 

from the gradient. The.·designations along the abscissa 

correspond exactly to the corresponsing ·notations in the. 

gradient depicted in Figure 33. 



U) .... 
t: 
CD 
E 
J: 
-~. ... 
t: 
w 

U) .... 
t: 
CD 
E 
J: 
(J 
"i: 
t: 
w 

~ .... ·;: ·--.... t: 
(J ·-<C CD .... 
C)O 
t: ... 
·- Q. -c C) t: 
·- E m._ 
u.! 
;:0 
·c:; E 
CD:!:. 
c. en 

5 

4 

3 

2 

1 

4 

3 

2 

1 

50 

40 

30 

10 

G6PASE 

SOH 

AR ..... 

. ... 

.... 
........... . . . ·.· ...... ·.·. . . . . .· ... ·. . ... ·.. . .... · .. ... ·.· .... · .· ........ · .· .· ... ·. . . . . . . . . ...... . .·.·.·.· ·.·.·.· .. ·.·.·.· .·.·.· .. ·.·.·.· .·.·.·.· 

:::::::: :::::::: :::::::: ::::::: ::::::: :::::::: 
:::::::: :::::::: :::::::: ::::::: ::::::: :::::::: 
1 2 3 4 5 6 

Fraction 

U) .... 
t: 
CD 
E 
J: 

-~ ... 
t: 
w 

U) .... 
t: 
CD 
E 
J: 
(J 
"i: 
t: 
w 

U) 

0 
;: 
as a: 

25 

20 

15 

10 

5 

2 

1 

6 

4 

2 

-

-

-
. ..; 

-

ATPASE 

S'NUC 

,..~~-

~-~ ~-
~-~ ~- ,..,.._ 

l_l I •Tt II 

ATPASE/G 6PASE 

$('5?5< 
>0lx )( )(. 

y XX 

X 

)Ill; 
~ 

h ~ 
X lXXXI 

X XX~ 

1 2 3 4 5 6 
Fraction· 



Figure 35. Distribution of Total Specific Binding Capacities and Total 

Enzyme Contents Along a 'Mitochondrial' Gradient. 

Total activities were estimated from.volumes of each 

reconstituted fraction, protein content and specific 

activities of markers or binding. Results from the gradient 

are presented, as outlined in Figure 33. Ratios of _total 

content of 6GPase, ATPase or SDH to total binding capacity 

of fractions 3, 4, 5 and 6 are presented. A ratio value 

closer to 1.0 indicates co-sedimentation of binding sites, 

with the respective marker, as detailed in the text. 
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examine their interactions with our described microsomal receptors, as 

well as classical cytosol and nuclear receptor forms. We selected two 

non-steroidal antiandrogens: RU23908 (AnandronR), reported 'pure' 

antiandrogen (Moguilevsky et al., 1986; Raynaud et al., 1984) and 

hydroxyflutamide (OHF), the chromatin-bound most active form of 

flutamide (Peets et al., 1974), and one typical steroidal antiandrogen, 

cyproterone acetate (CPA; Tezon et al., 1982; Brinkmann et al., 1983). 

A first approach taken to study the effect of these antiandrogens 
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on androgen receptor levels was the description of their in vivo effects 

at this level. Figure 36 shows that all antiandrogens used are able to 

block testosterone-induced increases in nuclear binding activity of the 

prostate in the following order of potency: R~23908 > CPA > OHF. An 

unexpected result was the effe'ct of these compounds :alone: Figure 36 

shows that they have a distinct androgenic effe6t, increasing nuclear 

and cytosol androgen receptor activity in-the rat ventral prostate in 

. ' 
the absence of testosterone, and, in the case of Anandron, also 

. -

increasing microsomal receptor activity. 

It is well known that cytosolic depletion of ~teroid receptors 

occurs associated with nuclear accumulation in target cells (Gorski 

and Gannon, 1976). Figure 36 (middle panel) shows that testosterone-

induced depletion of cytosol androgen receptor is blocked only by 

RU23908. Cyproterone acetate and hydroxyflutamide accentuated the 

decrease in cytosol binding activity observed with testosterone alone. 

It has also been reported that testosterone is able to induce 

depletion of microsomal receptor levels in the ventral prostate of the 

24 h castrated rat (Steinsapir et al., 1985). Figure 36 (bottom panel) 

indicates that all antiandroge-ns tested are able to block testosterone-



Figure 36. Effects ~f Testosterone, RU23908, Cyproterone Acetate and 

Hydroxyflutamide on Specific Androgen Binding Activity in 

Nuclear, Cytosolic and Microsomal Fractions of Ventral 

Prostate. 

Male animals (400-440 g body wt) were orchidectomized 

24 h before the intraperitoneal injection of 400 pg 

testosterone/100 g body wt ( • ); 5 mg RU23908/100 g body wt 

(" 1?'/J ) ; 2 ·mg cyproterone· acetate/100 g body wt ( [!i ) ; 2 mg 

hydroxyflutamide/100 body wt ( 011 ) ; or vehicle ( o ) . 

Animals were sacrificed 1 h after administration. 

Subcellular fractiohs were isolated and subjected to 

saturation binding analyses. Results are expressed as 

fmole/100 pg DNA in nuclei (top panel) and fmole/mg protein 

in cytosol (middle panel) and microsomes (bottom panel). 
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induced depletion of microsomal receptor bindin.g activity in the 

following order of potency: RU23908 > CPA = OHF. 

With the sole exception of OHF in the microsomes, testosterone, 

RU23908, CPA or OHF can decrease the equilibrium association constant 

of the nuclear, cytosolic and microsomal mibolerone-receptor complexes 

(Table XVI). 
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Th~ equilibrium association constants usually measured to describe 

steroid-receptor interactions· can be modified by changes of the 

association or dissociation rate constants of the hormone-receptor 

complex. These kinetic constants can be modulated independently and 

represent different phenomena (Korach and Muldoon, 1975). In order to 

quantify these constants, the criteria used for the selection of the 

antiandrogen concentrations to be tested in vitro, was the Ic50 for each 

of these compounds obtained from competition studies (Figure 37). The 

relative binding affinities (RBA) followed the same order of magnitude 

for microsomal (Figure 37; top panel) and cytosol (Figure 37; bottom 

panel) androgen receptors·: CPA> RU23908 or OHF (Table XVII). 

Therefore, at least among the three compounds chosen for study, there is 

no correlation between the relative binding affinity 6f an antiandrogen 

and its biological potency in blocking nuclear accumulation and cytosol 

or microsomal depletion (Figure 36) of androgen receptors in a target 

tissue. Cyproterone acetate showed higher RBA for the cytosol than for 

the microsomal androgen receptor (Figure 37 and Table XVII). 

The association rate kinetics of binding_of dimethylnortestosterone 

to th~ cytosol androgen receptor and to the microsomal androgen receptor 

were almost identical (Figure 38). Both proteins displayed second order 

rate behavior in their interaction with dimethylnortestosterone 



TABLE XVI 

ASSOCIATION CONSTANTS {Ka) OF CYTOSOLIC, NUCLEAR AND MICROSOMAL 

ANDROGEN RECEPTORS OF 24 H-CASTRATED MALE RATS 

EXPERIMENTAL CONDITION Association Constants (Ka; 109M-1 ) 

Cytosol Nuclei Microsomes 

Control Group 4.6 1.44 3.4 

Testosterone 0.3 0.07 1.2 

RU23908 0.6 0.87 1.0 

Cyproterone Acetate 0.9 0.74 1.0 

Hydroxyflutamide 0.2 0.52 6.0 

Testosterone and RU23908 0.7 1.44 0.3 

Testosterone and Cyproterone Acetate 2.7 0.85 0.3 

Testosterone and Hydroxyflutamide 2.4 0.51 0.2 

Each determination is derived from a Scatchard analysis of a seven-point saturation 
binding curve. 
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Figure 37. Relative Binding Affinities of Antiandrogens for·the 

Microsomal and Cytosol Androgen Receptors of Ventral 

Prostate. 

Aliquots (250 pl) of microsomal suspension or cytosol 

were incubated with 5 nM 3H-dimethylnortestosterone alone 

(o) or in the presence of increasing concentrations of 

unlabelled dimethylnortestosterone (o), RU23908 (e), 

CPA ( o) or OHF ( ~-) during 20 h·at 4°C. Unbound 

steroid was removed using dextran-coated charcoal. 

Initial 100% ( •) binding activity: 76 fmole/mg protein 

(microsomes) and 278 fmole/mg protein (bytosol). 

Protein = 698 pg/tube (microsomes) and 650 pg/tube 

(cytosol). 
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TABLE XVII 

RELATIVE BINDING AFFINITIES OF RU23908, CYPROTERONE ACETATE AND HYDROXYFLUTAMIDE 

FOR CYTOSOL AND MICROSOMAL ANDROGEN RECEPTOR FORMS 

COMPETITOR ICso RBA 

' Cytosol Microsomes Cytosol Microsomes 

-
DMNT 7.2 7.2 1.00 1.00 

RU23908 2200 3800 0.0033 0.0019 

Cyproterone Acetate 70 380 0.103 0.02 

Hydroxyflutamide 3000 3000 0.0024 o,. 0024 

Cytosol or microsomal aliquots (250 pl) were incubated for 20 h at 4°C with 5 nM (3H)
DMNT and increasing concentrations (0.01- lO,OOO.fold molar excess) of each competitor. 
Protein= 698 pg/tube (microsomes) and 650 pg/tube (cytosol). RBA = Ic50 (DMNT)/Ic50 
(antiandrogen). 
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Figure 38. Effect of Antiandrogens on the Association Rate Kinetics of 

the Interaction Between 3H-DMNT and Cytosol or Microsomal 

Fractions of Ventral Prostate Homogenates. 

The reactions were started by the addition of 0.55 nM 3H-

DMNT (S0 ) at time zero after a 2 h preincubation at 4°C with 

a 5000, 500 or 5000 fold molar excess, respectively, over 

the labelled ligand, of RU23908, CPA or OHF. Control (e) 

samples were examined in the presence of labelled ligand 

alone. The initial receptor concentrations (R
0

) were: 

cytosol, 0.95 nM, microsomes, 0.19 nM. The ordinate 

denotes -the incremental changes ove~ the specified time 

intervals in the function= 2.3 log ~t x 109 M-1. 
so-Ro Rt. 

The initial values of this function were: cytosol 1.363; 

microsomes = 2.952. The amount of 3H-DMNT-receptor complex 

was measured at each denoted interval. The association rate 

constants, k+ 1 ' were expressed for each sample in units of 

M-1 sec-1 . Control samples: k+1 1.32 x 10+5 , r = 0.94 for 

cytosol (e, top panel) and k+ 1 1.38 x 10+5 , r 0.98 for 

microsomes (•, bottom panel). In bottom panel: + RU23908: 

k+ 1 = 1.8 X 10+4 , ·r = 0.83 (o); + OHF: 7.8 x 10+4, r = 0.80 

( b._} . 
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confirming the data of Figure 6. All antiandrogens tested suppressed 

completely the binding of mibolerone to the_ cytosol receptor (Figure 38; 

top panel) at short periods of time (between 0-11 minutes) after the ' 

initiation of the binding reaction between the ligand and the source 

of receptor activity. However, the microsomal receptor is able to 

discriminate among the antiandrogens used. There is good correlation 

between the degree of inhibition of the association reaction between 

dimethylnortestosterone and the microsomal androgen receptor by each 

antiandrogen with the relative binding affinity of each compound : 

CPA> RU23908 = OHF (compare Figure 38, top panel and Table XVII). This 

correlation does not hold in the cytosol (Figure 38 and Table XVII). 

To have a more complete kinetic characterization of the effects of 

these antiandrogens on the various forms of the androgen receptor, the 

kinetics of dissociation of dimethylnortestosterone from the androgen 

receptor was examined in isolated subcellular fractions of the ventral 

prostate, under conditions that minimize receptor breakdown (Sherman et 

al., 1978). The half lifes for dissociation and stability p~tterns of 

cytosol and microsomes confirmed the results shown in the earlier 

analyses of these parameters (Figures 9, -10 and 11). 

There were no differences in dis$ociation rate constants measured 

in the presence of RU23908, CPA or OHF, as compared to control groups, 

in the cytosol (Figure 39) or microsomes (Figure 40), in spite of the 

fact that these antiandrogens have different relative binding affinities 

for the androgen receptor (Figure 37). · Tables XVIII and XIX show a 

summary of the effect of these antiandrogens on the association and 

dissociation rate constants between dimethylnortestosterone and the 

cytosol (Table XVIII) and microsomal (Table XIX) androgen receptor 



Figure 39. Effect of Antiandrogens on the Dissociation Rate Kinetics 

of 3H DMNT-Cytosol Receptor Complexes. 

Samples of cytosol were incubated with 5 nM 3H-DMNT 

for 20 h at 4°C. Excess labelled steroid was removed b~ 

dextran-coated charcoal adsortion·and unlabell~d.DMNT 

(o, 0.55 pM, control group), RU23908 (•, 27.5 pM), CPA (+, 

2.75 pM) or OHF ( •, 27.5 pM) was subsequently introduced. 

Control samples were followed without the addition of 

radioinert steroid after equilibrium in order to study 

the degradation rate kinetics (o) of the complexes. 

Specifically bound DMNT was determined at the times 

indicated by removal of aliquots and sep~ration of bound and 

unbound steroid with DtC. Data followed a first-order decay 

rate of disappearance of radiolabelled complex in all 

cases. Dissociation rate constants, k_ 1 , were calculated as 

the slopes of the resulting lines of the graphs of ln (dpm) 

specifically bound vs. time. Similar analysis allowed 

evaluation of k(degradation) in the control (o) groups. 

Specific binding ac~ivit~ at t = 0 was 281 fmole/mg protein. 

Protein= 2.7 mg/m1. 

Cytosol sample~: kdissociation = 8.~ ~ 10-3 [h-1] 

(e) and t% 78 h {~). kdegradation = 1.9 x 10-3 ·[h-1] 

(o) and t% 365 h (o). r·. -0.99 in bbth curves {e, o). 

+ RU23908 = kdissociation 9.7 x 10-3 [h-1] (r 0.99} 

and t% = 71 h (~). 

+ CPA = kdissociation 

and t% = 83 h. ( • ) . 

+ OHF = kdissociation 

and t~ = 64 h ( • ) . 

0.99) 

io.s x io-3 [h-1 ] {r D.99) 
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Figure 40. Effect of Antiandrogens on the Dissociation Rate Kinetics 

.2LJ.?H) DMNT-microsomal Receptor Complexes. 

Samples of microsomal suspension were incubated with 

5.5 nM 3H-DMNT for 20 h at 4°C. Amounts of unlabelled 

DMNT or antiandrogens and analyses of results as stated in 

legend of Figure 39. Specific'binding activity at t = o 

was 26 fmole/mg protein.! ... Protein = 1. 06 mg/ml. 

Control samples: kdissociation = 8.3 x 10-3 [h-1] 

(r = 0.997) and t~ = 83 h (e). kdegradation = 0.98 x 10-3 

[h-1] (r = 0.89) and t~ 707 h (o). 

. - -3 [ -1] + RU23908. kdissociation - 8.4 x 10 h (r 0.97) and 

+ CPA: kdissociation 0.97) and 

t~ = 75 h ( • ). 

+ OHF: kdissociation 9.1 x 10-3 [h- 1 ] (r -0~99) and 

t~ = 76 h ( .. ) . 
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TABLE XVIII 

EFFECT OF ANTIANDROGENS ON KINETIC PARAMETERS OF INTERACTION BETWEEN 

DMNT AND CYTOSOL ANDROGEN RECEPTORS OF RAT VENTRAL PROSTATE 

CONDITION k+1 8 k-1 8 tv Dissociation 
(M- 1sec-1 ) (h-1) /2 (h) 

(k+1/k-1) 

Control 1.32 X 10+5 8.9 X 10-3 78 5.3 X 10+10 

RU23908 ND 9.7 X 10-3 71 

Cyproterone Acetate ND 8.4 X 10-3 83 

Hydroxyflutamide ND 10.8 X 10-3 64 

aRate constants of association (k+ 1 ) and dissociation (k_1 ) were independently measured. 
ND = not detectable. 

...... 
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TABLE XIX 

EFFECT OF ANTIANDROGENS ON KINETIC PARAMETERS OF INTERACTION BE~WEEN 

DMNT AND MICROSOMAL ANDROGEN RECEPTORS OF RAT VENTRAL PROSTATE 

CONDITION (k+l/k-1) k+la k-1a t~ Dissociation 
(M- 1sec- 1 ) (h-1) . 2 (h) 

Control 1.38 X 10+S 8.3 X 10-3 83 6.0 X 10+10 

RU23908 1.80 X 10+4 8.4 X 10-:-3 83 0.8 X 10+10 

Cyproterone Acetate ND ·9.2 X 10-3 75 

Hydroxyflutamide 7.8 X 10+4 9.1 X. 10-3 76 3.1 X 10+10 

aRate constants of association· (k+1 ) and dissociation (k_1 ) were independently measured. 
ND = not detectable. · · 

....... ......, 
+:--
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forms. At the same time, it is possible to compare the ratios (k+1/k_1) 

obtained in each fraction with the equilibrium association constants 

measured under equilibrium conditions (Table XVI). There is a one order 

of magnitude difference between these values, in the control groups, a 

discrepancy also observed in other systems (Wilson and French, 1976). 



.. . DISCUSSION. 

The descriptien of. the r6le of allosteric proteins in c~llular 

regulation by Monod et al. (1963) led Noteboom and Gorski (1965) .to the 

concept of an allosteric protein actin·g as a specific site of action of 

a steroidal hormone in target cells. These authors desriribed ·the 

presence of stereospecific.bi~ding· of estrogens ~ithin the microsomal 

fraction of rat uterus, a few years after the initial description by 

Jensen and Jacobson {1962) of specific estradiol retention by· rat 

uterus, as opposed to tissues that are not responsive to this harmon~. 

Several reports have since described microsomal ·binding sites for 

steroids in a variety of systems: dexamethasone-binding site~ in rat 

liver (Omrani et al., 1983; Ambellan et al., 1981), estradiol binding 

sites in rat liver (Blyth et al., 1972), pig uterus .(Little et al., 

1973) and calf uterus (Parikh et al., 1980), progesterone binding sites 

in rat liver (Drangova and Feuer, 1980) and androgen binding sites in 

rat ventral prostate (Robel et al., ·t974). 

The binding properties ~f these microsomal sites differ in.several 

respects from those of soluble ·binding proteins. In the case of the 

glucocorticoid receptors, the affinity for the ligand is about 1.5 

orders of magnitude lower than the affinity of the cytosolic protein for 

glucocorticoids {Omrani et al., 1983) and the microsomal sites are down

regulated by adrenalectomy and up-regul~ted by glucocorticoid 

replacement (both effects being opposite in direction to those· on 

176 



177 

cytosolic glucocorticoid binding). Other physiological conditions have 

also been reported to be associated with changes in specific microsomal 
. . 

binding of stero1dal hormones: glucocorticoid microsomal binding 

increases with the age of the animal and progesterone binding is lower 

in uterine microsomes postpartum than one day before parturition, as 

opposed to the cytoplasmic progest~rone receptor form which is low 

throughout the last third of pregnancy and does-not change at 

parturition (Haukkamaa, 1974; Haukkamaa and Luukkainen, 1975; Davies 

and Ryan, 1973). Ligand specificities of particulate and soluble 
I 

progesterone receptors are also different: the.affinity for progesterone 

in chick oviduct is lower for the microsomal form than for the cytosolic 

receptor (Haukkamaa et al., 1980). In the ventral prostate, high 

affinity binding sites for 3~-androstanediol have been described (Robel 

et al., 1974), while the cytosol form of the androgen receptor does not 

bind this steroid. 

Different groups have also addressed the problem of the sensitivity 

of membrane-bound steroid receptors to ~alt extraction. Conditions 

for salt extractability of the microsomal receptors vary in different 

systems. Low ionic strength phosphate buffers are necessary in pig 

uterus (Little et al., 1975), whereas high KCl (0.6- 0.4 M KC1) is 

effective in rat uterus (Labate et al., 1986; Watson and Muldoon, 1985) 

for the estrogen receptor form. However, 1 M NaCl does not effect 

solubilization of .the microsomal androgen receptor of ventral prostate 

(Robel et al., 1974). 

The use of detergents for solubilization of membranes (Helenius 

et al., 1979) and as a solvent medium for membrane proteins has been 
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examined for microsomal steroid receptors. Detergent extraction of

uterirte microsomes has been attempted- with Lubrol-PX and cholate, which 

caused a decrease in specific binding of estradiol in the uterine system 

(Parikh et al., 1980). However, Triton XlOO and Nonidet P-40, at 

concentrations of 0.05 to 0.5%, increased estrogen binding, apparently 

due to a selective removal of nonreceptor protein (the recovery of 

microsomal protein decreases) and, according to the authors, possibly 

in part due to uncovering of buried binding sites. 

Differential higher relative binding affinity found for 5a

dihydrotestosterone than mibolerone in cytosol but not in microsomes 

of ventral prostate supports further the idea of the existence of a 

distinct form of the androgen receptor in the microsomal membranes. 

Progesterone was a very weak competitor for both receptor forms, 

indicating that androgenic action of progestins (Spona, 1984; Bardin 

et al., 1984) may not therefore, be explained through this mechanism. 

The use of hypotonic or isotonic buffers allowed us to extract most 

of the microsomal androgen binding capacity, in the system used in these 

studies. KCl was not able to ''unmask" additional binding_sites and, in 

fact, was deleterious to the binding, decreasing total androgen binding 

capacity and increasing the degree of dissociation of the ligand from 

the membr~ne-bound receptor. Nonionic detergents (like Triton X100) 

with polyoxyethylene or sugar groups do not usually denature proteins 

(Helenius st al., 1979). Trihydroxybile salts like sodium cholate, due 

to the high micellar concentration and the small micellar size, are 

exceptionally easy to remove and were also used in these studies. The 

decrease observed in binding capacity of microsomal membranes treated 
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with both detergents may be explained by protein denaturation, but it is 

more likely that this treatment liberates microsomal aridrophiles even at 

low detergent concentration exposure and subsequent extensive washing of 

the membrane preparations. 

Ammonium sulfate precipitation has been used for the fractionation 

of proteins in isolated subcellular fractions previously equilibrated 

with radiolabelled ligands (Fang and Liao, 1971; Verhoeven et al .. 1975; 

Wilson and French, 1976, 1979; Liao et al., 1983). The differential 

ammonium sulfate precipitability of the microsomal and cytosol a~drogen 

receptor forms allowed discrete comparison between them. At every 

possible opportunity, it was ascertained that the binding components 

following purification maintained kinetic and equilibrium binding 

properties indistinguishable from those of the unfractionated starting 

material. A single set of high affinity low capacity binding sites was 

identified in each compartment.· Microsomal proteins specifically 

recognized androgens in a tissue-specific manner with an affinity 

equivalent to that of the cytosol receptor. Curiously, the kinetics 

of dissociation of the complex indicated that the half-life of the 

microsomal androgen receptor complex was 96 h, a value similar to that 

.obtained in the cytosol, and different from the estrogen receptor 

system, in which the dis~ociation rate from microsomal estrogen 

receptors is slow~r than that from the cytosol estrogen moiety 

(Watson and Muldoon, 1985). However, the degradation of the complexes 

was slower in the microsomal-compartment than in the cytosolic 

compartment of rat ventral prostate homogenates. This may be explained 

by the additional observation of a higher stability of the unoccupied 



180 

microsomal androgen receptor, as compared to its cyto~olic counterpart, 

indicating that degree and rate of protein denaturation in the absence 

of the -hormone may account for the observed differerices in the turnover· 

rate of the hormone-receptor,complexes. This phenomenon occurs in all 

fractions, before·and after salt treatment. The microsomal androgen 

receptor is therefore more stable than the cytosol androgen receptor 

independent of the presence of hormone or degree of purification of the 

moieties. 

We also examined differential sensitivity of the binding proteins 

to protective agents. Scatchard binding analyses of cytosol androgen 

receptor showed that, in homogenization buffer, the number of binding 

sites at equilibriu~ was 90.0 fmole/mg protein. as compared to 4.7 

fmole/mg protein in the absence of the protease inhibitor, PMSF. 

Similar analysis for the microsomal androgen receptor showed 39.6 

fmole/mg protein (+PMSF) and 34.4 fmole/mg protein (-PMSF). No changes 

in affinity for mibolerone of both cytosolic or microsomal androphiles 

was observed with or without PMSF. The effect of removal of molybdate 

from the homogenization buffer however, had a significant effect on.both 

androphiles: for the cytosol form of the receptor, 108.8 fmole/mg 

protein and 18.7 fmole/mg protein were recovered with and without 

molybdate, respectively; for the microsomal androgen receptor, ?5.8 

fmole/mg protein and 20.5 fmole/mg protein were the specific binding 

activities in the presence and absence of molybdate, respectively. 

Again, no significant changes in association equilibrium constants were 

observed upon removal of molybdate in either compartment. Absence of 

protease sensitivity of microsomal steroid receptors has been shown in 
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the glucocorticoid receptor system (Ambellan et al., 1981)_. The binding 

site for both microsomal and cytosol androgen receptors could have 

disulfide bonds important for hormone binding, given the sensitivity of 

both androphiles to the presence of molybdate. The absence of molybdate 

could then promote disassembly of the tetrameric structure of the 

androgen receptor, with subsequent subunit dissociation by reduction 

of key sulfhydryl groups needed for interaction with the ligand. 

Maintenance of the integrity of both microsomal and cytosol 

androgen receptors was accomplished by the routine use of glycerol, EDTA 

and DTT in homogenization buffers. Glycerol stabilizes hydrophobic 

binding (Schaumburg, 1972). EDTA is beneficial since it chelates 

calcium and magnesium, salts of which increase receptor aggregation 

(Sullivan and Strott, 1973) and decrease microsomal specific binding 

capacity in other systems (Drangova and Feuer, 1980). DTT is also used 

to protect sulfhydryl groups (Grauberg and Ballard, 1977; Rees and Bell, 

1975). 

Extraction of pig uterine microsomes in the presence of low ionic 

strength phosphate buffers and subsequent agargel electrophoresis of the 

extracts showed a 'basic' 3.5 S and an 'acidic' 4.5 S estradiol receptor 

(Little et al., 1975). Thus, whereas Little et al. (1973) found both 

acidic and basic subunits of different· sizes, Watson and Muldoon (1985) 

detected specific saturable estrogen-binding sites which are 

indistinguishable on the basis of surface charge, as evidenced by 

measurability with equivalent efficacy using charcoal adsortion 

(separation not dependent on charge) or protamine sulfate precipitation 

(dependent on acidic nature of the protein being precipitated) and 
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unifor~ity in size according to sucrose density gradient sedimentation 

properties. Furthermore, in the pig uterus studies, 'basic' and 

'acidic' microsomal forms were considered to be precursors of the mature 

cytosolic receptor but the existence of proteolytic fragments of the 

receptor was not considered (Little et al., 1975). The same pos~ibility 

exists in early studies done by Cidlowski and Muldoon (1978), in which a 

uterine microsomal extracted receptor sedimented at 4 S, with a minor 

peak at 7 S, in Tris-EDTA buffer (0.01 M Tris, 1.5 mM Na2EDTA, pH 8.0). 

The present results have shown that using protease inhibitors and 

stabilizing concentrations of molybdate, there is only a single 5 S 

molecular species of the ra~ prostate microsomal receptor. 

Activation of cytosolic receptors to a form having enhanced DNA

binding properties is a crucial event in the mechanism of steroid 

hormone action. This activation rian be effected in vitro by exposure 

either to controlled heating or elevated salt concentration. The 

present studies demonstrate failure of microsomal receptors to bind 

to DNA, or to acquire DNA~binding capability following heat- or salt

attempted activation. 

In the course of these DNA-binding analyses, salient features of 

the cytosolic rat ventral prostate receptor activation by these two 

methods were uncovered, through saturation binding and Scatchard 

resolution of DNA-cellulose binding. The non-activated cytosol 

receptors manifested ability to bind DNA in the presence or absence of 

molybdate, although the amount of such binding was diminished by 

molybdate. Salt activation increased_the affinity of the cytosolic 

complexes for DNA, but did not change the concentration of DNA-binding 
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sites;· molybdate prevented salt activation. Heat-induced ~ctivation 

increased the number -of receptor complexes bound to DNA: molybdate did 

not prevent heat activation. It appears that heat alters the receptor 

structure in such a way as to expose masked DNA-binding sites, while 

salt changes the conformation of the existing receptor binding sites to 

render them more accessible to interaction with DNA. The observation 

that microsomal receptors have .no affinity for DNA, coupled with the 

finding that they cannot be provoked to elicit such binding activity by 

either the heat or salt-induced mechanism, strongly indicates that these 

moieties are not directly involved in the gene regulation phase of 

androgen action. 

The studies on the subcellular distribution of lactic dehydrogenase 

showed the presence of this cytosolic marker in crude microsomal 

pellets, at a level equivalent to 1.3% of the total content of this 

cytosolic marker in the homogenate. Assessment of the amount of cytosol 

present in a particulate cell fraction may change according to the 

parameter selected to estimate it. It has been shown, for example, that 

the LD.H content of isolated microsomes from rat liver amounted to 2. 9% 

of the total LDH in the liver cell, but RNAase inhibitor, selective for 

the cytosol compartment, was completely absent from the microsomal 

preparation and only 0.14% of the total ~ellular ~lanine 

aminotransferase was present in the same pellet (Drangova and Feuer, 

1980; Ambellan et al., 1981). The contribution of the microsomes to the 

total binding capacity of the prostatic cell is difficult. to assess 

since microsomal membranes are present in the nuclei and mitochondrial 

fractions of the cell, as was shown by the subcellular distribution of· 
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glucose-6-phosphatase in ventral prostate homogenates. Only 23% of the 

total cellular glucose-6-phosphatase was present in the microsomal 

pellet. Omrani et al., (1983) estimated as 70% the degree of 

underestimation of the total microsomal· binding capacity using similar 

analyses. 

However, the microsomal binding capacity of the prostatic cell 

amounts to 5% of the total binding capacity, as o·pposed to 76% for the. 

cytosol compartment. Thus, although-a direct correlation may not exist 

between degree of cytosol receptor content and total microsomal LDH 

content, the possibility did exist that cytosol binding components could 

be contributing to microsomal specific binding activity. In two 

different experiments, we observed that a single wash of the microsomal 

pellet allows extraction of 83% (average of n = 2; 80, 86) of the 
I 

remaining 'microsomal' LDH. However, the distinct kinetic behavior of 

the free or bound extracted microsomal complexes, the sedimentation 

behavior pattern, the lack of DNA binding ability, the absence of 

activation capability upon heat or salt treatment, the differential 

sensitivity to ammonium sulfate and the lower relative binding affinity 

for Sa-DHT of the microsomal receptor strongly indicate that, if there 

is significant cytosol receptor contamination, it remains trapped in· 

the intravesicular compartment, within the microsomal framework, after 

the washing of the microsomal pellet and does not. contribute to 

quantification or structur~l analysis of the microsomal form. 

Washed microsomal preparations were extracte~ again; the results 

showed that subsequent washes did not allow extraction of the remaining 

LDH. After a second wash, 73% of the total re~aining LDH was still 
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present in the pellet. These results are in agreement with normal 

trapping of soluble proteins in vesicles during homogenization reported 

in other systems (Dallner, 1974). In addition, the ·extracted microsomal 

complexes from washed pellets were unable to bind-DNA or to become 

activated upon incubation at 24°C for 30 min and subsequent cooling of 

the preparation for additional 30 min at 4°C. The results were compared 

with the capacity to bind DNA of progressive dilutions of preformed 

cytosol complexes. The DNA-binding assay was very sensitive and was 

able to detect heat-induced activation of 1:100 fold dilution of cytosol 

complexes. These findings indicate absence of cytosol receptor 

contamination of the microsomal preparations. The overall results 

indicate that the microsomal binding sites are intrinsic to the 

microsomes. 

Potentiation of microsomal specific binding .activity was observed 

after 90% precipitation with ammonium sulfate as compared to the 

untreated preparation, indicating the possibility of an inhibitor being 

removed by salt treatment. Mixing-experiments were performed with two 

different kinds of microsomal preparations: extracted complexes from a 

rinsed ('crude') pellet or extracted complexes from a washed and rinsed 

pellet, combined with equal amounts ·of cytosol receptor complexes. The 

results indicated the absence of an inhibito~ of DNA binding in the 

extracted preparations, which could have explained the absence·of 

activation of the microsomal androgen receptor complexes after heat 

treatment. ·Therefore, the putative in~ibitor:appears to act selectively 

by modulation of androgen binding to the microsomal receptor but not by 

modification of binding of the· microsomal androgen-receptor complexes to 



186 

DNA. 

The existence of a finite number of sites within the endoplasmic 

reticulum able to recognize cytosol receptor proteins and bind them was 

tested by extraction of microsomal receptors from the membranes with 

buffer and mixing of receptor-extracted microsomes with cytosol. The 

,pellet was re-isolated and receptor concentration in the pellet was 

redetermined to see if cytoplasmic receptors would become associated 

with the microsomal membranes. The results indicated that addition of 

cytosol receptor at various concentrations l~d to binding of receptor 

to the microsomes to a level similar to that originally seen before 

extraction but not higher. Using mi~rosomal membranes isolated from 

diaphragm in an identical manner did not endow the nontarget microsomes 

with acceptor capability for prostatic cytosol androgen receptor 

complex. 

The structure of the endoplasmic reticulum membrane may have 

therefore two distinct sites of interaction with steroid hormone: the 

receptor itself and on the other hand, acceptor sites able to bind 

steroid hormone receptor-complex but not hormone alone. Microsomal 
. . 

protein or RNA are two obvious candidates as critical components of. 

these acceptor-sites, which are tissue-specific for target cells. 

Specificity of the interaction of receptor complexes with target 

membranes could be dictated by the structure of the membrane and/or that 

of the receptor complex. Microsomal receptors may modulate steroid 

availability to the nu~lear compartment as well as contr~l the·recycling 

of the hormone from the nuclei. The existence of microsomal ~cceptor 

sites may provide a clue to· the fate of the nuclear hormone-receptor 



complex after dissociation from acceptor sites on the chromatin. 

Functional complexes· may be transported to these extranuclear acceptor 

sites to alter cellul~r processes at the posttranscriptional level. 
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Specific binding sites for steroid hormones in plasma membranes 

have not been extensively investigated. Evidet1ce for the presence of 

plasma membrane binding sites for glucocorticoids in AtT-20/D-1 cells, a 

clonal cell line able to produce ACTH, has been presented (Harrison et 

al., 1974). However, the interpretation of the results is difficrllt 

since the authors only measured total cellular uptake of 

glucocorticoids. Other groups have also indicated specific binding of 

cortisol to purified plasma membranes. from rat liver (Suyemitsu and 

Terayama, 1975). However, the authors used a nuclei pellet as a source 

of membrane fractionation. In our hands, one single discontinuous 

sucrose gradient using the nuclei as source of fractionation d6es not 

afford clear separation of plasma me~branes from microsomal membranes. 

Furthermore, Suyemitsu and Terayama (i975) did not perform marker enzyme 

studies during their purification prQcedur~s. Isolated endometrial 

cells of mature ovariectomized rats have been shown to bind to estradiol 

immobilized by covalent linkage to albumin~derivatized nylon fibers, 

suggesting that specific binding sites for estrogens exist at the outer 

surfaces of these cells (Pietras and Szego, 1977). It cannot again 

be excluded that the estradiol-albumin end.of the fiber~ be~ome 

internalized with consequent binding to cytoplasmic estrogen receptors 

and retention in the cell. 

It has also been suggested that facilitated transport may occur for 

17~-estradiol in plasma membranes of uterine cells (Milgram et al., 1973). 
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The use of intact uterine tissue precludes accurate kinetic measurements 

of rates of estrogen uptake since penetration of steroid through the 

intercellular space, time-dependent diffusion of the hormone through 

the various cell layers and adsortion of steroid to extracellular 

nonspecific binding sites are non-measurable determinants of the 

quantity of steroid hormone available for entry into the cell. When 

the kinetics of estradiol entry into uterine cells was examined in 

free uterihe cell suspensions, the results suggested that estrogens 

could freely diffuse through the cell membrane (Muller and Wotiz. 1979). 

However, since the cells were obtained by mechanical dispersion of uteri 

digested with collagenase, the enzymatic digestion could have resulted 

in the inactivation of putative membrane steroid carriers. Evidence was 

later presented by the same group indicating that binding of estradiol 

to purified uterine plasma membranes represented cytosol receptor 

contamination (Muller et al., 1979), although data on the presence 

of microsomal membranes in the preparations rised was not presented. 

Since a continuum· exists between the vesicular membrane systems of 

the plasma membranes and the endoplasmic reticulum, we were obliged to 
. . . 

devise methods that would result in differential enrichments of these 

moieties while maintaining their marker enzyme activitie~ and ability 

·to selectively interact with steroid. The definition of the microsomal 

fraction is based not on its content but on the result of the 

centrifugation procedure employed to isolate it (Da1lner, 1974). 

By this definition, the microsomes are those elements of a tissue 

homogenate that can be sedimented 'by ultracentrifugation from the 

mitochondrial supernatant. Since the results of the studies of 



subcellular distribution of glucose-6-phosphatase (a microsQ~al 

marker), Na+/K+ ATPase and 5'nucleotidase (plasma membrane markers) 

indicated the presence of plasma membranes in the microsomal pellets, 

it was important to determine whether plasma membrane binding 

contributed to the microsomal binding activity. Results from two 

different sources of fractionation (nuclei and mitochondria) and 

separation of plasma membran~s from microsomal membranes along with 

,electron microscope analyses indicated that the androgen binding sites 

are preferentially associated with the endoplasmic reticulum. 

Assessment of 5'nucleotidase verified the ·Jack of universal 

applicability of enzyme markers (De Duve, 1971). The high degree of 

solubilization of 5'nuc1eotidase during the fractionation procedures is 

in agreement with previous observations (Wilson and Villee, 1975) and 

the results indicated that this enzyme is a very poor marker for 

prostatic plasma·membranes. 

High ~oncentrations of steroid-interconverting enzymes are often 

seen in the microsomal fractions of tissues. Liver microsomes derived 
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from male rats have been shown to convert a higher proportion of estrone 

and estradiol to water-soluble products than did similar preparations 

from female rats (Je11inck and Lucieer, 1965). Steroids may also serve 

as substrates for microsomal drug-metabolyzing enzymes. Hydroxylase-

substrate interactions, and in general enzyme-substrate interactions, 

have affinity ranges of Ka in the neighborhood of 106 M- 1 . The Ka of 

steroid- microsomal receptor interaction is 109- 1010 M- 1 , arguing 

against the possibility of an enzyme as the source of the microsomal 

binding observed in target tissues. Moreover, the androgenic actions 



of 7a, 17a-dimethyl-19 nortestosterone (mibolerone) are indeed not 

dependent on a metabolic conversion. Unlike testosterone that is 

readily converted to 5a-dihydrotestosterrine by the action of· 4-3-keto-

5a-oxidoreductase, the methylated 4-3-ketosteroid does not undergo 
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enzymatic conversion to 7a-17a-dimethyl-19-nor-dihydrotestosterone (Liao 

et al., 1973) in rat ventral prostate. In addition, this synthetic 

steroid is not aromatized .in ventral prostate and does ·not bind to 

testosterone-estradiol binding globulin (Schilling and Liao, 1984). 

We employed steroidal and. nonsteroidal antiandrogens to have a more 

complete characterization of the microsomal androgen receptor of rat 
1 

ventral prostate. It has been repo~ted that RU23908 (Moguilewsky et 

al., 1986; Tezon et al., 1982) and cyproterone acetate (Tezon et al., 

1982; Brinkm~nn et·ai.·, 1983) can inhibit androgen receptor 

translocation in rat prostate and rat epididymis. However, cyproterone 

acetate has also been shown to induce in vivo translocation of the 

androgen receptor in mouse kidney cells (Isomaa et.al., 1982) and 

increase cytosol androgeti receptor levels (Huang et al., 1985) in rat 

ventral prostate. Flutamide has been reported to inhibit nuclear 

binding of androgens in ventral prostate and seminal vesicle (Peets et 

al., 1974) via formation of an active metabolite, hydroxyflutamide 

(Peets et al., 1974). 

These steroidal and non-steroidal antiandrogens are reportedly 

unable to ·modify prostate weight when administered alone (Moguilewsky 

et al., 1986; Wakeling et al., 1981) but they are strong inhibitors of 

testosterone-induced increases in rat ventral prostate weight (Raynaud 

et al., 1979; Isomaa et al., 1982). Other androgen receptor-mediated 



responses are induced by cyproterone acetate in the ~bsence of 

testosterone, such as stimulation of mouse kidney p-glucuronidase 

(Bullock et al., 1977). Non steroidal antiandrogens, structurally 

related to flutamide, induce increases in prostate S-adenosyl-

L-methionine decarboxylase (Wakeling et al., 1981). 

Our results show that cyproterone acetate, RU23908 and 

hydroxyflutamide have both agonistic and antagonistic properties. 

They are able to block testosterone-induced nuclear accumulation of 

receptor but they increase the levels when administered alone. in vivo·. 

These c6mpounds may induce de novo synthesis of androgen .receptor since 

the ~ffects on receptor levels were observed sh6rtly (1 h) after 

administration. The degree of inhibition of the association rate of 

the ligand to the receptor is correlated with the relative binding 

affinity of the antiandrogen for the receptor (cyproterone acetate > 

RU23908 = hydroxyflutamide). Cyproterone acetate showed a higher 

relative binding for the cytosol receptor than for the microsomal 

receptor. A similar discrepancy has been observed with the estrogen 

antagonist, tamoxifen, which had a higher relative binding affinity for 

cytosol than microsomal estrogen receptor of calf uterus, as assessed. 

by competition analyses (Parikh et al., 1980). 

The fate of the steroid receptor-antiandrogen complex is poorly 

understood. If an antiandrogen does not show any agonistic activity it 
) 

might suggest that the compound is not translocated at all to target 

cell nuclei. However, the presence of both agonistic and antagonistic 

properties of RU23908, hydroxyflutamide and cyproterone acetate, 

including increases in nuclear androgen receptor levels associated with 

191 
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a decrease in affinity for the ligand suggests th~t these antiandrogens 

may also act ·through the .formation of nuclear receptor complexes unable 

to mediate a.biologi6a1 response. The concomitant increase in cytosol 

and nuclear binding activity in the presence of RU23908, cyproterone 

acetate and hydroxyflutamide may be due to increased release of nuclear 

receptor into the soluble compartment of the cell during homogenization 

of the tissue. Cyproterone acetate and hydroxyflutamide alone were not 

able to induce similar increases in micro~omal.receptor activity. 

RU23908 was the most poterit ·of the anti androgen~ tested in· its :capacity 

to block testosterone-induced nuclear accumulation of receptor as well 

as inhibiting testosterone-induced depletion of cytosol and microsomal 

receptor levels. The increase observed in microsomal binding with 

RU23908 alone may be due to rapid .de.novo ~ynthesis of androgen receptor 

induced by this 'antiandrogen'. 

Yamamoto et al. '(1978) have reported the occurrence of estrogen 

dependent incorpora~ion of L-[u- 14c]-fucose and N-acetyl-D-(6-3H)

glucosamine into microsomal protein. Furthermore, progesterone 

suppressed these responses. These hormonal effects on the biosynthesis 

of sulfated glycoprotein in the endometrium of ovariectomized rabbits 

(Yamamoto et al., 1978) could be mediated via microsomal estrogen 

receptors. Muldoon (1980) has shown that 4-mercuri-estradiol is a 

potent estrogen that selectively accumulates in the microsomes and 

induce the activity of glucose-6-phosphate dehydrogenase. Similarly, 

prev~ously mentioned posttranscriptiona1 actions of androgens in ventral 

prostate could be explained through microsomal androgen receptors. 

Posttranscriptiona1 actions of steroids have also been recently reported 
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in cancer cells. Estrogen induces post~ranscriptional modulation of 

c-myc proto-oncogene expression in human breast cancer cells by still 

unclear mechanisms (Santos et. al., 1988). Antiandrogens could exert 

antiproliferative and cytotoxic effects at the level of the microsomal 

compartment of the target cell. A newly recognized aspect of regulation 

of androgen action at the microsomal recepto~ level in the target cell 

could provide a potential tool for future assessment of responsiveness 

to antiandrogen therapy of prostatic carcinoma. 

The ready extractability of the microsomal sites by androgens 

suggests that the complexes may become mobilized for activity at distant 

points within the cell, perhaps mediating known extragenomi-c actions of 

steroid hormones (Muldoon, 1980). The extraordinary stability and long 

life of the microsomal androgen receptor complexes would represent an 

unusually effective mechanism for storage of hormone within the cell in 

times of relative androgen insufficiency. On the other hand, the 

strength of the binding would severely limit a postulated exchange of 

the steroid between the cytosolic and microsomal binders. In any event, 

the relative analysis of these proteins provides a frame of reference 

for investigation of these possibilities with a view toward an 

understanding of total cellular receptor dynamics as it applies to 

the action of steroid hormones in target cells. 

Recognition of the existence and pr~perties of a microsomal 

binding protein for steroid hormones in the endoplasmic reticulum of 

target cells allows one to envision modifications of the current models 

of steroid action. Most of the receptor would exist in the nuclear 

compartment, but extranuclear forms reside in the endoplasmic reticulum 
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membranes of the cell (see figure). The steroid enters the cell by 

passive diffusion through the plasma membrane and interacts primarily 

with the microsomal receptor (1), (which acts as a 'storage' compartment) 

or goes directly into the nucleus.· The microsomal. receptor complex, 

unable to translocate into the nucleus or to be aciivated to a DNA-

binding form, would slowly diffuse to other-~xtranuclear site~ (2), 

to alter non-genomic cellular processes (e.g., of protein synthesis, 
. . 

protein maturation and processing, etc). Alternatively, microsomal 

receptors may control the rate and extent of nuclear uptake of androgens 

. in a target cell. After depletion ot microsomal receptor levels 

following androgen stimulation, microsomal membranes become acceptor 

sites for uptake of free or loosely bound nuclear complexes (3), 

previously thought to exist in the cytoplasm. Nuclear accumulation of 

receptor occurs concomitantly with cytosol depletion. Nuclear retention 

of complexes depends on processing and recycling of these entities; 

recycling rates of complexes would depend on the acceptor capability of 

the microsomes for hormone-receptor complexes. Nuclear hormone receptor 

complexes, after eliciting specific responses at the transcriptional 

level, may dissociate, after· which receptor protein is processed and 

the steroid is recycled (4) into the microsomes where it can be stored 

and subsequently act at other distal· points in the target cell. 

Alternatively, rnicrosomes could be the site of synthesis of 'new' 

receptor (5). 

If microsomal receptor were not present in the cell, an 

abnormally short retention time of the nuclear receptor complexes might 

ensue, in which case steroid could not induce appropriate biological 
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responses in the target cell. Receptor replenishment in cytosol and 

microsomal compartments occurs concomitantly with nuclear retention of 

androgen complexes in ventral prostate and depends on receptor recycling 

from the nuclei and from de novo protein receptor synthesis in the 

microsomes. An abnormally low microsomal and cytosol receptor 

replenishment as well as previously mentioned short nuclear retention 

of receptor in a putative microsomal receptor - negative mutant cell 

would dictate abnormal biological responses to androgens, under these 

conditions. 

Purification and sequencing of the isolated microsomal receptor 

would be natural subsequent steps to be performed. The use of 

hydrophobic interaction chromatography, isoelectric focusing and SDS

PAGE provide tools to accomplish this aim. Subsequent isolation of 

the mRNA and eDNA's for the microsomal receptor gene should allow 

elucidation of its relative biological importance. Transcription of 

the cloned gene with and without specific mutations into appropriate 

host eucaryotic cells should allow investigation of the action of 

androgens mediated through the microsomal receptor. Experiments of this 

kind would also show whether the genes for the nuclear and microsomal 

androgen receptor forms are the same, or if they share common 

functional domains. Selective transfer of one gene and not the other 

should allow the study of .. regulation of the expression of these genes 

by androgens as well as the correlation with biological responses 

induced by these steroids in target cells. 
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SUMMARY 

Target tissues for steroid hormon~s are responsive by virtue of and 

to the extent of their content of functional intracellular receptors. 

These studies have revealed a set of high affinity-low capacity, tissue

specific androgen binding sites associated with the endoplasmic 

reticulum of rat ventral prostate tissue that may act as a conduit for 

androgen traversing the cell enroute to the nucleus. Total microsomal 

binding capacity represents ~pproximately 5% of th~ total androgen 

binding capacity of the prostatic tissue. 

Microsomal androgen receptor (AR) and cytosolic receptor are both 

precipitated at.40% of ammonium sulfate saturation. However, when 

fractionated with 90~ ammonium sulfate, mic~osomal androgen binding 

sites remain in solution, while cytosolic receptors are ... again· 

precipitated, indicating a way to sepa~~te physically the two forms. 

Microsomal binders display equal affinity for DHT and dimethyl

nortestosterone. They have a half-life of dissociation of steroid

receptor complexes of 96 ± 11 h and a 58 sedimentation coefficient for 

the untransformed moiety, with the appearance of a 3.58 species after 

incubation at 24°C for 30 min. They do not acquire DNA-binding 

capability_ after heat or salt attempted activation. Cytosol binders 

have higher ~ffinity for DHT than mibolerone. The half-life for 

dissociation of cytosol complexes is 85 ± 14 h and the complex sediments 

as an 88 moiety which is able to transform to a 4.48 form after heat 
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activation correlated with an increased DNA binding ability of these 

species. Unactivated cytosol steroid-receptor complexes are also able 

to bind to DNA in the presence of molybdate. Salt-induced activation of 

cytosol moieties only occurred in the absence of molybdate. Microsomal 

AR is more stable than cytosol AR independently of the presence of 

hormone or partial purification of the moieties; the degradation rates 

of the two forms of complexes differ 2 to 3-fold. Potentiation of 

microsomal binding observed under equilibrium conditions after salt 

treatment suggests the presence of an inhibitor which is removed by 

fractionation with 90% ammonium sulfate. Washed microsomal pellets 

containing less than 0.2% of total cellular lactic dehydrogenas~ (LDH) 

and retaining properties of a single high affinity-low capacity 

population of binding sites were extracted and solubilized microsomal 

AR was mixed with equimolar amounts of cytosolic reQeptor. Activation 

of the cytosolic AR was observed, indicating absence of a inhibitor of 

DNA binding in the extracted microsomal preparation. 

Microsomal receptors are not contaminants from plasma membranes. 

When plasma membranes are separated from microsomal membranes using 

the nuclei or mitochondrial pellets as primary -source of membrane 

fractionation, the androgen binding activity co-sediments with 

microsomes, as is shown by correlation among marker enzymes, androgen 

binding and electron microscopic analyses. Na+/K+ATPase, but not 

5'nucleotidase is- a valid plasma membrane marker for ventral prostate. 

Microsomal androgen binding sites are readily extractable with 

KCl-free hypotonic buffer. Low or hi~h concentrations of KCl are 

deleterious to microsomal binding and increase ligand dissociability. 

The presence of sucrose in place of glycerol allows a higher degree 



of AR extractability. The presence of dimethylnortestosterone 

lends stability to the microsomal binding sites. Treatment with 

high critical micellar concentration (CMC) (sodium cholate) or low 

CMC (Triton X 100) non-ionic detergents decreases androgen binding 

capacity of the membranes, indicating that the micros6mal AR is a 

peripheral protein associated with the. endoplasmic reticulum. After 

exhaustive extraction of binding· sites, microsomes are capable of 

accepting cytosol androgen-receptor complexes to a level corresponding 

to the concentration of depleted binding sites; microsomes from 

nontarget tissue (diaphragm) do not manifest such capability. 
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Microsomal receptor levels are sensitive to exogenous testosterone 

stimulation in a similar fashion as are cytosol AR. Both receptor for~s 

are depleted after testosterone. This phenomenon does not occur in 

the microsomal compartment if steroidal (cyprote~on~ acetate) or 

non-steroidal (RU23908 or hydroxyflutamide) antiandrogens are 

administered concomitantly with androgen, in vivo. (RU23908 > 

cyproterone acetate= hydroxyflutamide). Testosterone-induced cytosol 

AR depletion is only blocked by RU23908. These antiandrogens also block 

testosterone-induced increases in nuclear androgen binding capacity, 

with a similar pattern of potency (RU23908 > CPA > OHF) as for 

microsomal AR. Cyproterone acetate has a 5 fold lower relative binding 

affinity for the microsomal AR than for the cytosol AR. For both 

receptor forms, the following order of relative binding affinity for 

antiandrogens was identified: cyproterone acetate > RU23908 or 

hydroxyflutamide. This pattern is in good agreemen~ with the degree of 

inhibition by these antiandrogens of the association rate of androgen 

for its microsomal receptor. This correlation between RBA and 
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inhibition of the initial rate of binding of the hormone to the receptor 

is not found for the cytosolic form of the AR. Furthermore, the 

dissociation rate of dimethylnortestosterone from the microsomal or 

cytosolic AR is not modified by these antiandrogens. When administered 

alone, these compounds increase nuclear AR levels and decrease the 

affinity of AR for androgen, suggesting that these sex hormone 

antagonists may act through the f_ormation of nuclear receptor complexes 
. ·' . 

unable to mediate a biological _response. The increase in cytosol AR in 

the presence of anti androgen alone ma-y be. due to release of nuclear AR 

during tissue homogenization,_ 

Characterization of microsomal AR de-scribed here along with 

biochemical and functional studies pertaining to this work indicates 

that the~e sites are-intrinsie to the microsomes and constitute a new 

level of regulation of androgen action in the intact target cell. 
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APPENDIX 

17~-hydr6xy-7a, 17a-dimethyl-4-estren-
3-one 

17~-hydroxy-4-androsten~3-one 

17~-hydroxy-5a-androstan-3-one 

1j 3! 5 (10)-estratriene-3, 17~-diol 

4-pregriene-3,· 20.dione 

5a-androstane-3.~, 17~-·diol 

11~, 17a, 21-trihydroxy-4·-pregnene-3, 
20-dione 

~, 5~di~ethyl-3-(4-nitro-3-(trifluoro
m·ethyl). phenyl )-2, 4-imidazolidinedione 

2-hydroxy-2-methyl-N-(4-nitro-3-(tri
fluoromethyl} phenyl)-propanamide 

6a-chloro-17a-hydroxy-1a, 2a-methylene-
4, 6-pregnadiene-3, 20 dione-17-acetate 
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