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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

1.1 Hormonal control of oocyte maturation 

The vertebrate ovarian foUicle is conq)osed of an oocyte and foUicle cells. The 

oocyte is located in the center of the folUcle and is surrounded by follicle cells. The 

follicle cells generally consist of the inner granulosa cell conq)artment and the outer theca 

cell conq)artment. In nonmammalian vertebrates, granulosa cells are arranged in a 

monolayer, while in mammahan vertebrates these cells develop more conq)lex associations 

during folHcular growth. The theca cell and granulosa cell cortq)artments are separated by 

a basement membrane. Between the granulosa cell layer and the oocyte there is an 

acellular layer, the viteUine envelope in nonmammalian vertebrates, or the zona pellucida 

in mammals. Microvilli fi-om both granulosa cells and the oocyte penetrate the vitelline 

envelope or zona pellucida. Cytoplasmic cormections are established between the 

granulosa cell and the oocyte membranes via gap junctions (Jalabert et al., 1991; Redding 

and Patino, 1993). 

Growth and maturation of the vertebrate ovarian follicle are regulated by 

gonadotropic hormones (GtH) fi-om the pituitary. The existence of two chemically 

distinct types of gonadotropins in vertebrates is well estabhshed. In tetrapod vertebrates, 

follicle-stimulating hormone (FSH) mainly stimulates foUicle growth while luteinizing 

hormone (LH) induces follicle maturation and ovulation. In fishes, GtH I is structurally 

and fimctionally corcq)arable to FSH of tetrapods while GtH n is similar to LH. In 

mammals, the preovulatory oocyte is relatively a small cell, and foUicular growth is mainly 

due to proliferation of foUicle ceUs and formation of an antrum (a large cavity fiUed with 

foUicular fluid) imder stimulation of FSK In nonmammaUan vertebrates, the preovulatory 

oocyte is generaUy a large cell, and foUicular growth is mainly due to uptake of circulatmg 

viteUogenin by the oocyte. ViteUogenin is produced by the liver in response to estrogen, 

and estrogen is produced by ovarian follicle ceUs in response to circulating GtH (GtH I, or 

FSH). In lower vertebrates, fiiU-grown ovarian foUicles undergo maturation in response 
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to a maturation-inducing steroid (MIS), wiiich is produced by foUicle cells under the 

stimulation of gonadotropin (GtH n, or LH). In fishes and an:q)hibians, MIS directly acts 

on the oocyte to initiate maturation. Maturation is the process by which the 

postviteUogenic oocyte, which is arrested in prophase I, resumes and conq)letes its first 

meiotic division. This process involves chromosome condensation, breakdown of the 

germinal vesicle (GVBD), assembly of the first meiotic spindle, nuclear and ceU division, 

and extrusion of the first polar body. At the completion of maturation, oocyte meiosis 

becomes once again arrested at metaphase n. Oocyte maturation is required for normal 

fertihzation (Nagahama, 1987a; Smith, 1989; Jalabert et al.; 1991; Redding and Patino, 

1993). 

The maturational effects of a wide range of exogenous steroids have been 

examined in oocytes of several fish and amphibian species. Certain androgenic, 

progestational, and adrenocortical steroids, but not estrogenic steroids, can induce 

maturation of foUicle-enclosed or follicle ceU-fi-ee (denuded) fish and amphibian oocytes 

(Schuetz, 1967; JacobeUi et al, 1974; Jalabert et al., 1991; Redding and Patino, 1993). In 

the teleost species investigated to date, either of two steroids have been positively 

identified as their natural MIS: 17a,20p-dihydroxy-4-pregnen-3-one (17a,20p-P) in 

amago salmon, Oncorhynchus rhodurus (Nagahama and Adachi, 1985), and 17a,20p,21-

trihydroxy-4-pregnen-3-one (20p-S) in the Atlantic croaker, Micropogonias undulatus, 

and spotted seatrout, Cynoscion nebulosus (Trant et a!., 1986; Thomas and Trant, 1989; 

Trant and Thomas, 1989). In arqphibian species, progesterone is beUeved to be the natural 

MIS (Nagahama, 1987a; Smith, 1989; Jalabert et al., 1991). In mammals, an unidentified 

"meiosis-inducing substance" (Westergaard et al., 1984) or "positive signal" (Downs et 

al., 1988; Fagbohun and Downs, 1991) has been impHcated in the induction of mammalian 

oocyte maturation. However, it is generaUy considered that the timing of maturation in 

mammaUan oocytes is largely regulated by a putative (unidentified) oocyte matm-ation 

inhibitor (Jalabert et al., 1991). Evidence for this maturation mhibitor in fishes and 

an^hibians is controversial (Cerda et al., 1993; Patino and Purkiss, 1993). 



1 2 Plasma membrane localization of MIS receptor 

The induction of anq)hibian oocyte maturation by progesterone involves a specific 

action of the steroid at the level of plasma membrane (BauHeu et al., 1985). Progesterone 

fiuls to induce maturation wdien microinjected into an^hibian oocytes in an aqueous 

carrying solution (Masui and Markert, 1971; Smith and Ecker, 1971), although it is 

effective if dissolved in paraffin oU, perhaps by slowing down its cytosoHc metabolism and 

aUowing it to reach the plasma membrane binding site (Tso et al., 1982). Conversely, 

polymer-linked maturational steroids unable to enter the oocyte across the plasma 

membrane can induce maturation in oocytes of Xenopus laevis (Ishikawa et al., 1977; 

Godeau et al, 1978; Cartaud et al, 1984). Interestingly, the maturational response of 

Ranapipiens oocytes depends on the region of the oocyte surface exposed to 

progesterone; namely, the animal hemisphere seems more sensitive to stimulation than the 

vegetal hemisphere (Schuetz and Cloud, 1977). In goldfish, Carassius auratus, 17a,20p-

P is also ineffective in inducing maturation when microinjected into the oocytes, but 

extemal appUcation of the steroid is effective (Nagahama, 1987b). These physiological 

observations suggest that receptors for MIS are localized in the plasma membrane offish 

and amphibian oocytes. 

EarUer reports on the presence of a specific receptor for progesterone within the 

melanosome fi'action fi-om oocytes oiPleurodeles waltlii (Ozon and BeUe, 1973) and X. 

laevis (JacobeUi et al, 1974; BeUe et al, 1975) were interesting, since melanosomes are 

localized near the oocyte periphery of the animal pole. However, oocytes of the albino 

mutant of X laevis, which con:̂ )letely lack melanosomes as weU as premelanosomes, can 

be induced to mature by progesterone (Smith, 1989). Also, the melanosome con^onent 

that binds progesterone is eumelanin rather than a protein (Cofifinan et al, 1979). Thus, 

the melanosome "receptor" seems to play no physiological role in oocyte maturation 

(Smith, 1989). 

Rapid physiological effects of steroids at the level of the plasma membrane have 

also been reported in other tissue or ceU types including brain (Ke and Ramirez, 1987, 

1990; Majewska, 1987; Hua and Chen, 1989; Ramirez etal, 1990; Schumacher, 1990; 



Schumacher et al, 1990; McEwen, 1991), pituitary (Borski et al, 1991), hepatocytes 

(Sanchez-Bueno et al, 1991), heart myocytes (Koenig et al, 1989), lynq)hocytes 

(Gametchu,1987), and sperm(Osman etal, 1989;Blackmore etal, 1990; 1991; 

Blackmore and Lattanzio, 1991; Blackmore, 1993; Meizel and Turner, 1991; Turner et 

al, 1994). It is beUeved that these rapid responses of cells to steroids are also mediated 

by ceU-surface receptors (Touchette, 1990; Blackmore, 1993). However, httle is known 

about the biochemistry and physiology of these unique membrane-bound steroid receptors. 

1.3 Status of MIS receptor characterization 

Some of the most extensive, relatively recent studies on the characteristics of the 

receptor for progesterone in the plasma membrane of Xenopus oocytes used an indirect 

method of analysis by photoaflfinity labeling of the receptor. In this method, parameters of 

UV-induced covalent reaction between the synthetic analog of progesterone, R5020 

(17,21-dimethyl-19-nor-4,9-pregnadiene-3,20-dione), and the receptor were used to make 

inferences about the characteristics of the receptor (Sadler and MaUer, 1982; 1985; 

Blondeau and BauHeu, 1984). A puzzling finding of these studies was that the affinity of 

R5020 for the receptor appears to be unusuaUy low (usual K ,̂ 10-̂ -10-* M) and similar to 

the typical affinity of steroids for nonspecific binding sites. Also, although binding activity 

for progesterone has been found in the plasma membrane of Ranapipens oocytes 

(KosteUow et al, 1982), the binding affinity was simUarly low (Kp, 10'̂  M). In view of 

this situation, it has been suggested that a specific membrane receptor for progesterone, 

such as those found for other hormones, is not required for the induction of oocyte 

maturation by progesterone in amphibians (Smith, 1989). However, indirect methods of 

analysis by photoaflfinity labeUng with R5020 used to study the Xenopus MIS receptor 

present some potential problems of interpretation (Blondeau and BauHeu, 1984). 

In contrast to the results obtained with an:q)hibians, the existence of a high affinity 

(KD, 10" M) receptor for 20p-S in ovaries of spotted seatrout, Cynoscion nebulostis.was 

recently demonstrated using conventional membrane receptor assay techniques (Patino 

and Thomas, 1990a). This study with fish was the first to report the existence of 



high-affinity, maturational steroid receptors in vertebrate ovarian membranes as 

determined by direct methods of radioreceptor analysis. However, the subfoUicular 

localization of this high-affinity steroid receptor (e.g., germ ceU versus somatic ceU) was 

not positively determined. A high-affinity receptor for 17a,20p-P has now also been 

found in the oocyte plasma membrane of rainbow trout, Oncorhynchus mykiss (Yoshikuni 

etal, 1993). 

In extragonadal tissue, high-affinity steroid receptors have been reported in plasma 

membranes of newt neurons (Orchinik et al, 1991), S-49 lyrq)homa ceUs (Gametchu et 

al, 1991a, b), and other tissue (Haukkamaa, 1987). Membrane binding sites (putative 

receptors) for steroids have also been reported in rat brain (Tischkau and Ramirez, 1993) 

and human sperm (Blackmore et al, 1991; Blackmore and Lattanzio, 1991; Blackmore, 

1993). The presence of membrane steroid receptors has been positively correlated with 

the physiological effects of steroid in the spermatic acrosome reaction (Blackmore et al, 

1991; Blackmore and Lattanzio, 1991), lynq)hocytolysis (Gametchu 1987, 1991a, b), and 

behavior (Orchinik ê  fl/., 1991). 

Results of recent studies have suggested that the pattems of Hgand binding 

specificity of membrane-bound steroid receptors differ from those of intraceUular steroid 

receptors (Orchimk et a/., 1991; Blackmore et al, 1991; Blackmore, 1993). This 

observation indicates that the hormone binding domain of membrane steroid receptors 

may be structuraUy different from that of intraceUular receptors. The existence of 

structural differences between membrane and iotraceUular receptors would not be 

surprising, considering their different signal transduction mechanisms and their likely 

difference in hydrophobic-hydropMHc interactions with their surroimding media. In 

general, the structural characteristics of membrane-associated steroid receptors are largely 

unknown. 

1 4 MIS receptor transduction mechanisms 

Studies on fish and amphibian oocyte maturation have indicated that MIS bmding 

to its receptor on the plasma membrane triggers a cascade of events leading to oocyte 



maturation that requires synthesis of oocyte protein but not of RNA (Masui and Clarke, 

1979; Nagahama, 1987a). This mode of maturational steroid action in oocytes is in sharp 

contrast with the weU known transcriptional regulation of gene expression by most other 

steroids wdiich bind to intraceUular receptors within target ceUs (Carson-Jurica et al, 

1990). 

The plasma membrane transduction mechanism by w îich the binding of MIS to its 

receptor triggers oocyte maturation is unclear (Smith, 1989; Jalabert et al, 1991; Jessus 

and Ozon, 1993). In X. laevis, it has been suggested that oocyte maturation requires 

transfer of MIS from foUicle cells to specific locations of the oocyte plasma membrane via 

gap junctions, smce uncoupHng of gap junctions blocked hCG- and MIS-induced 

maturation of the intrafoUicular oocyte (Patino and Purkiss, 1993). There is also evidence 

suggesting that the Hgand-binding domain of the MIS receptor is on the inner surface of 

the plasma membrane and not on the outer surfece (Cartaud et al, 1984). Thus, in this 

scenario, MIS would be transferred through gap junctions directly to its binding site on the 

inner surface of the oocyte membrane (Redding and Patino, 1993). This hypothesis needs 

fiirther testing. 

For many hormones acting on ceU membranes, transmembrane signaUing systems 

often involve three distinct con:q)onents (Bimbaumer et al, 1990; Simon et al, 1991). 

First, there are speciflc receptors exposed at the outer surface of the ceU membrane that 

recognize and interact with Hgands such as hormones. Second, exposed at the iimer 

(cytoplasmic) surface are effector enzymes (e.g., adenylate cyclase) which generate second 

messengers (e.g., cAMP). Third, interposed physicaUy and fimctionaUy between receptor 

and effector molecules are enzyme modulators (e.g., GTP-binding proteins, or G-proteins) 

which act as signal transducers. The G-protein is a heterotrimer which consists of a , p 

and Y subunits. It is activated by noncovalent binding of GTP to the a subunit, which 

promotes a dissociation from the p y con^lex; and it is mactivated by the hydrolysis of 

GTP to GDP, v^ch promotes reassociation of the subunits. Thus, changes in the 

interaction between receptors and G-proteins mduced by Hgand binding lead to changes in 



the production of intraceUular second messengers, which then regulate activities of protein 

kinases (Simon et al, 1991). 

There are at least three G-proteins present m Xenopus oocytes: Ĝ  (stimulation of 

adenylate cyclase), Gj (inhibition of adenylate cyclase) and Gp (stimulation of phosphoHpase 

C) (Smith, 1989; Moriaty et al, 1989; Cork et al, 1990). A pertussis toxin-sensitive 

G-protein is involved in the control of meiotic maturation of Xenopus oocyte (Pellaz and 

Schorderet-Slatkine, 1989) and microinjection of a GTP analog, guanosine-5'-0-

(thiotriphosphate) (GTP-y-S), inhibits progesterone-induced GVBD (Cork et al, 1990). 

In rainbow trout oocytes, 17a,20p-P binding in the plasma membrane is inhibited by 

GTP-y-S and guanylylimidodiphosphate (GppNHp), and a pertussis toxin-sensitive G-

protein (G )̂ seems involved in the signal transduction pathway of 17a,20p-P (Yoshikuni 

etal, 1994). 

A decrease in cAMP level may play a role m triggering oocyte maturation (Sadler 

and MaUer, 1985; Nagahama, 1987a). This decrease in the oocyte cAMP level induced by 

progesterone appears to be due mainly to an inhibition of adenylate cyclase activity in the 

plasma membrane (Sadler and MaUer, 1981; MaUer, 1983; CicireUi and Smith, 1985; 

Jalabert et al, 1991). The inhibition of adenylate cyclase activity by progesterone may not 

be mediated via G, (Sadler et al, 1984), but via the binding of progesterone to a 

membrane receptor which then inactivates G„ or even by direct interaction between 

progesterone and G-protein (Cork et al, 1990). Recently, it has been suggested that 

progesterone can induce not only a decHne in cAMP but also in diacylglycerol (DAG) 

levels, thereby leading to decreased activities of protein kinase A and protein kinase C, 

respectively; the reduced kinase activities lead to the induction of protein synthesis, 

activation of maturation-promoting factor, and oocyte maturation (Smith, 1989). Studies 

with Rana dybowskii, however, indicated that an increase, rather than a decrease, in 

protein kinase C activity is important for the initiation of oocyte maturation and ovulation 

(Kwon and Lee, 1991; Kwon et al, 1992). Moreover, recent reports suggest that 

maturation of Xenopus oocytes can occur without changes in cAMP levels (Gelerstein et 

al, 1988). Therefore, although G-proteins may be mvolved in the signaUing pathway for 



MIS action on Xenopus and trout oocyte maturation (Cork et al, 1990; Yoshikuni et al, 

1994), the specific second messenger mechanisms of this proposed involvement are stiU 

unclear. 

Information on the transmembrane signalling mechanisms for other membrane-

bound steroid receptor systems is also limited. The steroid signal transduction of the 

plasma membrane of newt neurons appears to be mediated by G-proteins (Orchinik et al, 

1992). Aggregation and migration of steroid-receptor con^lexes (Tesarik et al, 1992; 

Tesarik and Mendoza, 1993) and coupling of the receptor to chloride channels (Wistrom 

and Meizel, 1993) have been impHcated in the mediation of progesterone action on the 

acrosome reaction of human speniL 

1.5 Regulation of MIS receptor activity 

In fishes and amphibians, oocyte maturational conq)etence is defined as the abiHty 

of oocytes to undergo final maturation in the presence of MIS. SmaU Xenopus oocytes 

(stage rv or smaUer) do not undergo maturation when exposed to progesterone, but large 

oocytes (large stage V and stage VI) do (Sadler and MaUer, 1983). Using photoaffinity 

labeUing methods, Sadler and MaUer reported that maturationaUy inconpetent stage FV 

oocytes have lower concentrations of putative MLS receptor than maturationaUy 

competent stage VI oocytes. However, they (Sadler and MaUer, 1983) suggested that an 

increase in MIS receptor activity is not related to the appearance of maturational 

competence, since under certain experimental conditions smaU oocytes can respond to 

progesterone. In spotted seatrout, a single injection of gonadotropin releasing hormone 

analog produced a marked increase in ovarian MIS receptor number during germinal 

vesicle migration (Patino and Thomas, 1990a). Moreover, an increase in ovarian MIS 

receptor content and the development of maturational conq)etence were found to be 

correlated in spotted seatrout (Patino and Thomas, 1990a; Thomas and Patino, 1991). In 

Japanese flounder, Paralichthys olivaceus, incubation of the ovarian foUicles with human 

chorionic gonadotropin (hCG) also increased MIS receptor density and this increase 

coincided with the development of oocyte maturational competence and onset of final 
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oocyte maturation (Yoshikuni et al, 1992). These various results strongly suggest that 

hormonal regulation of MIS receptor is essential for the development of oocyte 

maturational corq)etence in these species (Nagahama et al, 1993; Redding and Patino, 

1993). 

It has been reported that RNA synthesis induced by hCG treatment can occur in 

smaU incon^etent but not in fiiU-grown con^etent Xenopus oocytes (LaMarca et al, 

1975; Anderson and Smith, 1978). Recently, it has been shown that inhibition of RNA 

and protein synthesis blocked the hCG induction of maturational con:q)etence in oocytes of 

Atlantic croaker (Patino and Thomas, 1990b). Thus, during the development of 

maturational con:q)etence, one of the proteins synthesized by the oocyte may be the 

membrane receptor for MIS (Patino and Thomas, 1990b). Therefore, it is conceivable 

that MIS receptor protein may be synthesized de novo during the development of 

maturational competence of Xenopus oocytes. 

1.6 Status of efforts to isolate and purifl/ membrane 

steroid receptors 

Solubilization of a receptor for 17a,20p-P from the plasma membrane of rainbow 

trout oocytes has been recently reported; however, the affinity of the solubilized receptor 

was significantly lower (K^, 3 x 10'̂  M) than that of the receptor in the intact plasma 

membrane (Kp, 1.8 x 10̂ )̂ (YosMkuni et al, 1993). A 40 - 50 KDa membrane protein 

from rat brain that binds a progesterone-bovine serum albiunin (P-BSA) conq)lex was 

isolated and purified (Tischkau and Ramirez, 1993), but the binding affinity of this protein 

for free progesterone also appears to be low (Tischkau and Ramirez, 1993) and similar to 

that of non-specific binding sites. In X. laevis, solubUization and isolation of the receptor 

for progesterone from the oocyte plasma membrane has not been reported. 

17 Objectives of the present research 

Xenopus laevis is a widely used animal in general and molecular biology research 

(Dawid and Sargent, 1988). This animal can be conveniently maintained under laboratory 



conditions and its ovarian foUicle ceUs are easily dissociated from its relatively large 

oocytes using weU estabhshed methods. Thus, a considerable amount of background 

information on developmental and molecular biology of oocytes in this species has already 

been accumulated. 

The Xenopus oocyte was one of the first and most convincing models establishing 

the existence of ceU surface actions of steroids (Haukkamaa, 1987). However, our 

kno\^edge on the characteristics of the MIS receptor in the plasma membrane of Xenopus 

oocytes has feUed to make significant progress (Jessus and Ozon, 1993), due in part to 

the lack of adequate techniques for determination of receptor binding activity and for 

isolation and purification of the receptor. Therefore, the specific objectives of this 

research are to develop a direct radioreceptor assay technique for the MIS receptor of 

Xenopus oocyte membranes, to study the characteristics of MIS receptor binding activity 

and the developmental and gonadotropic regulation of MIS receptor density, and to 

isolate and purify the MIS receptor. In Chapter 2, the development of MIS receptor 

binding assay technique and characterization of the receptor binding activity is described; 

this chapter has been pubHshed in the joumal Biology of Reproduction (1993; 49: 980-

988). In Chapter 3, the isolation and purification of a protein tentatively identified as the 

MIS receptor is described. In Chapter 4, an overaU summary and conclusion is provided. 
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CHAPTER 2 

HIGH-AFFINrrY BINDING OF PROGESTERONE TO 

THE PLASMA MEMBRANE OF XENOPUS OOCYTES: 

CHARACTERISTICS OF BINDING AND HORMONAL 

AND DEVELOPMENTAL CONTROL 

2.1 Abstract 

Progesterone induces maturation of the amphibian oocyte through its action on the 

plasma membrane. However, whether this action requires high-affinity binding to a 

specific receptor is unclear. In this study, the binding activity of progesterone was 

characterized in plasma membranes from whole ovary or defoUiculated oocytes of 

Xenopus laevis. Membrane-boimd, radiolabeled progesterone was isolated by filtration of 

membrane suspensions and quantified by Hquid scintiUation. The association of 

progesterone to membrane preparations reached equiHbrium within 15 min. Progesterone 

binding activity was directly proportional to the saitq)le concentration, was significantly 

reduced by trypsin digestion, and was pH-dependent and temperature-sensitive. Also, 

binding activity was observed in membrane preparations from whole ovaries and 

defoUiculated oocytes but not in those from somatic ceUs, indicating that progesterone 

binding is restricted to the oocyte membrane. Scatchard analysis indicated a smgle class of 

high-affinity (average KD, 10^ M), low-capacity (average concentration, 10 '̂  mole/mg 

protein) binding sites for progesterone in aU membrane preparations tested. Progesterone 

binding activity was also detected in preparations from albino frog ovaries, indicating that 

the binding activity is not an artifact of melanin contamination. Conq)etition studies 

showed the foUowing order of affinities: progesterone >pregnenolone 

>17a,20i5,21-trihydroxy-4-pregnen-3-one >1 l-deoxycorticosterone 

>17a,206-dihydroxy-4-pregnen-3-one >11-deoxy Cortisol >estradiol >R5020 

>testosterone >corticosterone >aldosterone >cortisol >androstenedione >ouabain. 

Experiments using radiolabeled R5020 as primary Hgand showed low levels of specific 

binding and a different pattem of steroid competition, indicating that the membrane 
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receptor for progesterone in the Xenopus oocyte is different than the classical intraceUular 

progesterone receptor. The density of the receptor for progesterone increased with 

oocyte development and after stimulation of intact foUicles with gonadotropin. 

2.2 Introduction 

In fiiU-grown ovarian foUicles of fishes, aicphibians (Nagahama, 1987) and, 

perhaps, mammals (Schultz, 1991), gonadotropin induces the foUicle ceUs to produce a 

maturation-inducing substance (MIS) that directly acts on the oocyte to mitiate 

maturation. Maturation is the process by wWch oocytes arrested in prophase I of meiosis 

resume and con[q)lete their first meiotic division. This process involves chromosome 

condensation, germinal vesicle breakdown, nucleus and ceU division, and extrusion of the 

first polar body. At the conq)letion of maturation, oocyte meiosis once again becomes 

arrested at metaphase n. Oocyte maturation is required for normal fertilization. 

Progesterone is considered the natural MIS in ovarian foUicles of most anq)hibian 

species investigated to date (Nagahama, 1987; Jalabert et al, 1991). Previous studies on 

fish and anq)hibian oocyte maturation have indicated that the action of the steroidal MLS in 

these species requires synthesis of oocyte protein but not of RNA. This mode of 

maturational steroid action in oocytes is in sharp contrast with the weU-known 

transcriptional regulation of gene expression by most other steroids that bind to 

intraceUular receptors within target ceUs (Carson-Jurica et al, 1990). Progesterone feUs 

to induce maturation when microinjected into anq)hibian oocytes in an aqueous carrying 

solution (Masui and Markert, 1971; Smith and Ecker, 1971), although it is effective if 

dissolved in paraffin oU, v^ch slows down its cytosoHc metaboHsm (Tso et al, 1982). 

Moreover, polymer-linked maturational steroids unable to enter the oocyte across the 

plasma membrane can induce maturation in oocytes of Z laevis (Ishikawa et al, 1977; 

Godeau et al, 1978). Therefore, these observations seem to indicate that a receptor for 

progesterone is localized in the plasma membrane of the oocyte. 

Early reports on the presence of a specific progesterone receptor within the 

melanosome fraction from oocytes of Pleurodeles waltlii (Ozon and BeUe, 1973) and X. 
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laevis (JacobeUi et al, 1974; BeUe, 1975) were interesting, since melanosomes are 

localized near the oocyte perq)hery of the animal pole. However, oocytes of the albino 

mutant of X laevis, wiiich conq)letely lack melanosomes as weU as premelanosomes, can 

be induced to mature by progesterone (Smith, 1989). Also, the melanosome con^onent 

that binds progesterone is eumelanin rather than a protein (Coffinan et al, 1979). Thus, 

the melanosome '̂ receptor" seems to play no physiological role in oocyte maturation 

(Smith, 1989). Some of the most extensive, relatively recent studies of the MIS receptor 

in Xenopus oocytes used an indirect method of analysis by photoaffinity labeling of the 

receptor. In this method, parameters of UV-driven covalent reaction between a progestin 

analog (R5020: 17,21-dimethyl-19-nor-4,9-pregnadiene-3,20-dione) and the receptor 

were used to make inferences about the characteristics of the receptor (Sadler and MaUer, 

1982, 1985; Blondeau and BauHeu, 1984). However, the results obtained with this 

indirect method were somewhat perplexing in that the affinity of progesterone for the 

putative receptor appeared to be unusuaUy low (usual K̂ , 10̂ -10-* M) and simUar to the 

typical affinity of steroids for nonspecific binding sites. Also, although progesterone 

binding activity has been found in the plasma membrane of Ranapipiens oocytes 

(KosteUow et al, 1982), the binding affinity of progesterone to the putative receptor was 

similarly low (KQ, 10'̂  M). Therefore, the results of previous studies seem to caU mto 

question the existence of specific, high-affinity receptors for MIS such as those generaUy 

found for other hormones acting on plasma membranes (Smith, 1989). 

Recently, however, a high-affinity receptor (K ,̂ 10^ M) for 

17a,20fi,21-trihydroxy-4-pregnen-3-one (20B-S) was reported in ovarian membranes 

from spotted seatrout (Cynoscion nebulosus) (Patino and Thomas, 1990). This study with 

fiish is the first report on the existence of high-affinity, maturational steroid receptors in 

vertebrate ovarian membranes as determined by direct methods of radioreceptor analysis. 

However, the subfoUicular locaHzation of this high-affinity steroid receptor (e.g., on the 

ooc^e membrane) was not positively determined. 

The Xenopus oocyte is an in:q)ortant current model for study of the mechanisms of 

MIS action on oocyte maturation (Smith, 1989) and also was one of the first, most 
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convincing models estabHshing the existence of ceU surfece actions of steroids 

(Haukkamaa, 1987). However, our knowledge of the MIS receptor in Xenopus oocyte 

membranes has faUed to make significant progress, due in part to the lack of adequate 

techniques for determining and studying receptor activity. Therefore, the objectives of the 

study reported here were to develop a direct radioreceptor technique for the MIS receptor 

of Xenopus oocyte membranes and to characterize the bmding activity of this receptor, 

bdformation on the hormonal and developmental control of receptor activity is also 

presented. 

2.3 Materials and methods 

2.3.1 Chemicals 

[l,2,6,7-='H]-progesterone (93.5 Ci/mmol) and ̂ H-R5020 (86.2 Ci/mmol) were 

purchased from New England Nuclear (Boston, MA), and 

17a,20B,21-trihydroxy-4-pregnen-3-one (20i5-S) was obtained from Steraloids, Inc. 

(Wilton, NH). AU other chemicals were obtained from Sigma Chemical Co. (St. Louis, 

MO). 

2.3.2 Animals and tissue san:q)Hng 

Adult Xenopus laevis females (body weight: 120 -140 g) were purchased from 

Nasco (Fort Atkinson, WI) and were maintained in a Living Stream System (Frigid Units, 

Inc., Toledo, OH). The photoperiod and temperature were kept at 12L: 12D and 20-21 

°C, respectively. The frogs were fed Nasco Frog Brittle at approximately 1% of their body 

weight twice a week. Under these conditions, females remain in reproductive condition 

throughout the year, with ovaries containing a heterogeneous population of oocytes. The 

albino females were used immediately for experiments once received. 

For tissue coUection, frogs were deeply anesthetized with tricaine 

methanesulfonate (2 g/1) and quickly decapitated. The ovaries were removed and placed in 

Modified Barth Sohition (MBS) (Gurdon and Wickens, 1983) contaming penicUHn-G (10 

mg/1) and streptomycin sulphate (10 mg/1) at pH 7.5 and 20 °C. 
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2.3.3 Oocyte defoUiculation and somatic ceU coUection 

DefoUiculated oocytes were used in some experiments. DefoUiculation was 

achieved by placing approximately 1 g of ovarian tissue in 10 ml calcium-free MBS 

containing coUagenase (type IV, 2.5 mg/ml) under constant and gentie agitation for 2 h at 

22 °C (Hirai et al, 1983). During this 2-h treatment, the calcium-free MBS containing 

coUagenase was replaced once with fresh solution. Electron microscope observations 

have shown that this procedure con:q)letely removes foUicle ceUs from the viteUine 

envelope (Hirai et al, 1983). Stage IV or V-VI foUicles (Dumont, 1972) were selected 

and transferred to calchmi-free MBS containing 0.1% Bovine Serum Albumin (BSA) 

under constant and gentle agitation for an additional 2 h to ensure complete 

defoUiculation. DefoUiculated oocytes were washed three times in MBS before use. 

In some experiments, ovarian somatic ceUs (including the foUicle ceUs) were 

coUected foUowing oocyte defoUiculation. The coUagenase and calcium-free MBS 

containing the somatic ceUs and smaU previteUogenic oocytes was centrifiiged at 200 x g 

for 10 min. The peUet was resuspended in fresh MBS, and this suspension was aUowed to 

sediment for 5 min to separate somatic ceUs from the heavier smaU oocytes. The 

supematant containing the somatic ceU suspension was transferred to a separate container. 

Inspection of this suspension under a microscope confirmed the absence of oocytes larger 

than the average size of a somatic ceU. Thus, germ ceU contamination would have been 

limited to oogonia and, perhaps, to the smaUest previteUogenic oocytes, this suspension 

of enriched somatic ceUs was centrifiiged at 200 x g for 10 min, and the peUet was used to 

obtained somatic ceU membrane preparations. 

2.3.4 Plasma membrane preparation 

Our general methods for isolating plasma membranes are similar to those 

described by Blondeau and BauHeu (1984). Whole ovary or defoUiculated oocytes were 

processed to obtain membrane preparations. Sanq)les (approximately 2 g) were 

homogenized wdth a Dounce homogenizer (Wheaton, MiUvUle, NJ; 12 strokes, pestle A) 

in 5 ml buffer (NaCl, 83 mM; MgCl,, 1 mM; HEPES, 10 mM; pH 7.6) at 0 °C. The 
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homogenate was centrifiiged (Beckman, J2-21; Beckman Instruments, Palo Alto, CA) at 

1000 x g for 10 min. The peUet containing ceUular debris, yoUi platelets, and melanin was 

discarded. The supematant was centrifiiged once more at 1000 x g for 10 min to fiirther 

remove melanin. This supematant was then centrifiiged at 20,000 x g for 30 min. The 

20,000 X g peUet was then resuspended in 15 ml fresh buffer by use of a Tekmar 

Tissumizer (Cincinnati, OH). The suspension was centrifiiged at 20,000 x g for 30 min. 

The supematant was discarded and the peUet was again resuspended in fresh buffer. The 

suspension was recentrifiiged at 20,000 x g for 30 min, and this final peUet was 

resuspended in 5 ml buffer and stored at -85 °C imtU analysis. The progesterone binding 

activity of the preparation was stable for at least 4 months under these conditions. 

2.3.5 Protein assay 

The protein content of sarr l̂es was determined by the Bradford method 

(Bradford, 1976). BSA was used as the standard. 

2.3.6. General radioreceptor assay 

This protocol is simUar to the one developed by Patino and Thomas (1990) for fish 

ovaries with some modifications. Radiolabeled progesterone was dissolved in buffer, and 

a 150 fA aHquot of this solution was pipetted into each of a series of test tubes containing 

either no steroids or various amounts of nitrogen-evaporated unlabeled steroids. The 

tubes were vortexed vigorously for 5 sec and then chiUed on ice-cold water (0 °C) for 15 

min. The incubation was started by adding 150 fA of freshly thawed ssLvaplQ to the tubes 

and vortexing for 10 sec. The final concentration of radiolabeled progesterone was 

approximately 5 nM. The binding reaction was performed at 0 °C and terminated by 

filtration. 

Glass microfiber filters (Whatman, CHfton, NJ; GF/B) were soaked in ice-cold 

buffer for 2 h before use. At the appropriate time, a filter was placed on a chUled filter 

holder (FH 124; Hoefer Scientific Instruments, San Francisco, CA) attached to a vacuum 

pump, and 250 /A incubate was aspirated from the appropriate test tube with a micropipet, 
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placed on the filter, and quickly rinsed with 12.5 ml of ice-cold buffer. Each filter was 

then placed in a 7-ml plastic scintillation vial, and radioactivity was counted in 5 ml of 

scintUlation fluid by use of a Hquid scintUlation counter (Beckman, LS 7500). 

2.3.7. Time course of binding 

To determine the time required to reach binding equiHbrium, membrane sanq)les 

were incubated with radiolabeled progesterone (5 nM) alone or with an excess amount of 

unlabeled progesterone (1.25 fjM). The reaction was terminated at various times ranging 

from 15 min to 16 h. The displaceable binding (dpm in tubes with radiolabel only minus 

dpm in tubes with excess steroid) was determined for each time point. 

2.3.8 Effect of pH 

Membrane samples were prepared in buffer (for this experiment only, 10 mM 

HEPES was replaced with 10 mM Bis-Tris Propane) at various pH values. Tracer 

solutions and rinse buffers were also prepared at the appropriate pH values. Protein 

concentrations of membrane preparations were measured, and displaceable binding was 

determined as previously described. The incubation time was 1 h. 

2.3.9 Effect of tenq)erature 

Membrane sanq)les of the same protein concentration were incubated for 1 h at 0 

or 22 °C. Displaceable binding was determined as previously described. 

2.3.10 Linearity of san^le dUution 

The saiiq)le was seriaUy dUuted with buffer, and the displaceable bmding was 

determined for each dUution. A blank treatment (without sample) was also included to 

determine possible "displaceable" binding to glass filter. The incubation time was 1 h. 
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2.3.11 Ligand specificity 

Radiolabeled progesterone or R5020 (final concentration, 5 nM) was added to aU 

tubes, either alone or in combination with various conq)etitor steroids (final concentration, 

1.25 /JM). Membrane sanq)les were added and the incubation was carried out for 1 h. 

Di^laceable binding for each conq)etitor steroid was determined and expressed in 

reference to the displacement obtained with unlabeled progesterone or R5020. 

2.3.12 Trypsm digestion 

Saiiq)les were treated with trypsm (8 mg/ml) with or without antitrypsin (8 mg/ml) 

for 12 h at 0 °C. ParaUel control san^les were not treated with these chemicals. For the 

trypsin-antitrypsin treatments, trypsin was preincubated with antitrypsin for 1 h before the 

sample was added, to maximize antitrypsin inhibition of trypsin activity. The radioassay 

incubation time was 1 h. The displaceable bmding was determined in aU treatments as 

previously described. 

2.3.13 Scatchard analysis 

The "cold" method of radioreceptor Scatchard analysis was used in this study 

(McPherson, 1986). Radiolabeled progesterone (5 nM) was added to aU tubes, either 

alone or in combination with various amounts of unlabeled progesterone (1.22 nM - 20 

IJM). The concentration and dissociation constant (K )̂ of the binding sites were 

determined at equUibrium (1 h incubation) by means of con^uter programs (RADLIG) 

(McPherson, 1986). 

2.3.14 Effect of gonadotropin and developmental stage of oocytes on 
progesterone binding activity 

For the gonadotropin mduction study, ovarian fragments (2 g/repHcate) were 

incubated with hCG (50 lU/ml) in 25 ml MBS at 20 °C under constant and gentle 

agitation. During the incubation, oocytes were frequently examined under a 

stereomicroscope for appearance of GVBD. At 0, 2, 4, and 12 h of incubation, whole 
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tissues were processed as previously described. Membrane preparations were then 

subjected to Scatchard analysis for determination of binding site affinity and concentration. 

For the developmental study, defoUiculated stage IV and stage V-VI oocytes were 

obtained and processed to obtain membrane preparations. Protein content of the 

membrane preparations was measured and equalized, and the displaceable binding was 

determined as previously described. 

2.3.15 Statistical analysis 

Except for the developmental and somatic ceU studies (wdiich were performed only 

once because of the amount of material required), each experiment was repeated at least 

twice (and often more times) to assess the consistency of results. One-way ANOVA, 

Student's Mest, and Duncan's Multiple Range test were used as appropriate to analyze the 

data. 

2.4 Results 

The binding of progesterone to its binding sites quickly reached equiHbrium (Fig. 

2.1). Optimalbinding was obtained between pH 7.0 and pH 7.6. Inhibition of binding 

occurred below 7.0 and above 7.6 (Fig. 2.2). The binding activity after 1 h was 

significantly lower at 22 °C than at 0 °C (Fig. 2.3). The number of binding sites for 

progesterone was directly proportional to the protein content of membrane preparations 

(Fig. 2.4). The glassfiber filters had a very low, neghgible amount of binding by 

progesterone. The binding activity of progesterone was not detected in the membrane 

preparations from ovarian somatic ceUs (Fig. 2.5). 

The binding activity in tryp sin-treated samples was significantly reduced con^ared 

to that in the control (Fig. 2.6). In the presence of antitrypsin, trypsin did not reduce the 

binding activity (Fig. 2.6, lower panel). The incomplete inhibition of binding activity by 

trypsin may be due to incomplete protein digestion at 0 °C. Ifigher incubation 

temperatures could not be used because of then effect on bmding activity (Fig. 2.3). 
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Scatchard analysis of the membrane san:q)les prepared from whole ovary or 

defoUiculated oocytes consistently showed the presence of a high-affinity (average K̂ , 10 

M), low-capacity (average concentration, 10-̂ ^mol/mg protein) class of binding sites for 

progesterone (Fig. 2.7 and Table 2.1). In membrane sanq)les prepared from pigmented 

frogs, the melanin contamination could not be totally eliminated. Because progesterone 

can bind to melanin (Coffinan et al, 1979), Scatchard analyses of the san^les prepared 

from albino frog ovaries were performed to determine if receptor binding activity could 

also be found in melanin-free preparations. Similar results were obtained in these 

preparations (Table 2.1), indicating that melanin did not interfere with the progesterone 

binding activity in the regular sanq)les. 

Con:q)etition studies showed that progesterone displaced itself more effectively 

than any of the other steroids tested (Fig. 2.8). The displaceable (specific) binding was 

80-85% of the total binding. Of the steroids tested, only pregnenolone, 206-S and 

1 l-deoxycorticosterone significantly displaced the radiolabeled progesterone from its 

binding sites. 

When radiolabeled R5020 was used as the primary Hgand, a totaUy different 

pattem of con^etition was obtamed (Fig. 2.9). Progesterone, as weU as aU other steroids 

tested, showed poor displacement of R5020. Also, the nonspecific binding (binding not 

displaced by R5020 itself) was very high, about 70% of total binding. 

The concentration of binding sites for progesterone in ovarian fragments was 

significantly affected by hCG stimulation (Fig. 2.10). During the first 2 - 4 h of hCG 

stimulation, the binding site concentration graduaUy increased. The concentration at the 

time of onset of final maturation (4 h; as judged by the appearance of white Roux's spots 

on the animal pole of some oocytes) was three tunes of that in the control group. After 

most of the large oocytes had completed the maturational process and massive ovulation 

had occurred (12 h), the concentration of the binding sites decHned to the control level. 

During the hCG stimulation, tiie affinity of the binding site for progesterone (average K̂  

for tills e>q)eriment, 1.2 x 10-«M) did not change significantly (p > 0.05, ANOVA foUowed 

by Duncan's Multiple Range test). 
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The concentration of binding sites for progesterone (dpm/oocyte) in small, stage 

IV oocytes was only 7.3% of that in fiiU-grown, stage V-VI oocytes (Fig. 2.11). When 

e?q)ressed on the basis of protein content of the preparation (dpm/mg protein), the binding 

site concentration in smaU oocytes was 11% of that in fiiU-grown oocytes. FinaUy, after 

the data was transformed to numbers of binding sites per unit surface area, the density of 

binding sites was estimated to be 181 sites/ẑ m^ in fiiU-grown oocytes (average diameter, 

1.2 mm) versus 30 sites//̂ rtf in smaU oocytes (average diameter, 0.9 mm). 

2.5 Discussion 

Our results demonstrated that a specific class of binding sites for progesterone 

exists in the plasma membrane of Xenopus oocytes. These bindings sites showed 

high-affinity (average KQ, 10"'M) and low-capacity (average concentration, 10'̂  mol/mg 

protein) for progesterone. These parameters feU within the typical range for hormone 

receptors. The KQ values for the progesterone binding site found in this study are 

significantly lower than those reported by previous studies in vdiich indirect methods of 

analysis were used (Sadler and MaUer, 1982; Blondeau and BauHeu, 1984). However, our 

results obtained with the binding site for progesterone in Xenopus oocyte membranes are 

simUar to those obtained by Patino and Thomas (1990) with the binding site for 20p-S in 

seatrout ovarian membranes. 

Membrane preparations obtained from pigmented or albino frog ovaries showed 

simUar values for progesterone binding affinity and binding site concentration, indicating 

that the steroid binding activity was not an artifact of melanin contamination. This is 

relevant to note, since it has been reported that progesterone can bind to melanin 

(Coffinan et al, 1979). It is also important to mention that intraceUular (cytosoHc and 

organeUe) binding sites for progesterone in the an:q)hibian oocyte have been previously 

ruled out (IshUtawa et al, 1977; KosteUow et al, 1982). Moreover, m the present study, 

binding activity for progesterone was foimd in membrane preparations from \̂ dlole ovaries 

and defoUiculated oocytes but not in membrane preparations from ovarian somatic cells. 

29 

: ^ 



indicating that membrane binding sites for progesterone in Xenopus ovaries are restricted 

to the plasma membrane of oocytes. 

Pregnenolone, 1 l-deoxycorticosterone, and 20p-S significantly con:q)eted with 

progesterone for its binding site, but of these three steroids, only 1 l-deoxycorticosterone 

and 20p-S have significant biological activity as inducers of maturation in defoUiculated 

oocytes (Blondeau and BauHeu, 1984; and personal observation). It is possible, however, 

that pregnenolone may be an inactive Hgand for the receptor. Nevertheless, androgens 

(testosterone and androstenedione) and corticosteroids (Cortisol and corticosterone), 

wiiich have significant potency as inducers of GVBD in Xenopus oocytes (Blondeau and 

BauHeu, 1984), were relatively poor con^etitors for the progesterone binding site. This 

discrepancy between the binding and biological activities of androgens and corticosteroids 

is difficult to e>q)lain. Specific binding sites for testosterone could not be detected in 

oocyte membranes using the techniques developed for the progesterone binding site (data 

not shown). However, androgens and corticosteroids may have actions at sites in the 

membrane or cytosoHc signal transduction pathways other than the receptor for 

progesterone. For example, unlike progesterone, microinjected testosterone or Cortisol 

effectively induce maturation in Xenopus oocytes (JacobeUi et al, 1974). Also, a simUar 

discrepancy between MIS receptor binding and biological activity for certain steroids was 

also reported in seatrout ovarian foUicles (Patino and Thomas, 1990). Moreover, it should 

be noted that maturation of amphibian oocytes can be nonspecificaUy induced by a wide 

variety of unrelated confounds acting on various aspects of oocyte function (Smith, 

1989). Therefore, care must be exercised in extrapolating in vitro results of bioassay to in 

vivo physiological mechanisms. The transmembrane signaUing mechanisms for 

progesterone action are at present unclear (see later Discussion), and thus experiments to 

examine correlations between the receptor binding and second messenger activities of 

various steroids seem premature at this time. 

Progesterone binding activity m Xenopus ovarian membranes was significantly but 

temporarily increased after hCG stimulation. This binding activity reached its peak at the 

time of onset of the maturation process and then declined to prestimulated values after 
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most of the oocytes had conq)leted maturation and ovulated. These results are similar to 

the findings reported for the MIS receptor in the ovary of spotted seatrout during 

maturation (Patino and Thomas, 1990; Thomas and Patino, 1991). Thus, one of the early 

actions of gonadotropin on the ovarian foUicle during oocyte maturation is probably to 

induce the synthesis, or activity, of MIS oocyte receptors. This observation may partly 

e?q)lain the higher sensitivity to progesterone seen in oocytes obtained from frogs primed 

with gonadotropin mjections prior to sanq)Hng (Reynhout et al, 1975). The effect of hCG 

on MIS receptor concentration in oocyte membranes may be indirect, via its action on 

foUicle cells, smce gonadotropin receptors have not been demonstrated on oocytes. 

Whether or not this effect requires mediation by a foUicle ceU fector induced by hCG 

needs to be addressed in future studies. 

SmaU Xenopus oocytes (stage IV and smaUer) do not mature when e?q)osed to 

progesterone, but large oocytes (large stage V and stage VI) do (Sadler and MaUer, 

1983). One possible explanation for this phenomenon is that smaU oocytes might have 

lower concentrations of MIS receptors, thus making them less sensitive to MLS than are 

large oocytes. In this regard, the progesterone receptor density in stage V-VI oocytes was 

found about 181 sites///m^ six times larger than in stage IV oocytes. Thus, in addition to 

hormonal control, developmental control of progesterone binding activity m oocyte 

membranes may play an inq)ortant role in the acquisition of oocyte maturational 

competence. Overall, the findings that progesterone binding activity increases 

concomitantly with the appearance or enhancement of oocyte maturational cort̂ )etence 

support the conclusion that this binding activity corresponds to MIS receptor activity. 

However, cytosoHc factors other than membrane receptors may also be involved in the 

regulation of oocyte maturational con^etence (Taylor and Smith, 1987). 

A previous study using the photoaffinity labeling method of analysis (Sadler and 

MaUer, 1983) also reported that the density of the putative receptor for progesterone in 

smaU oocytes is about 20% of that in large oocytes. However, the receptor density 

reported for the stage VI oocytes m this earHer study (Sadler and MaUer, 1983) was 

68000 sites//̂ m^ a number over 300-fold higher than in our study. This and other 
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differences (e.g., in K̂  value) between the results of the present study and those of 

previous studies (Sadler and MaUer, 1982, 1983; Blondeau and BauHeu, 1984) on the 

membrane receptor for progesterone in Xenopus oocytes might stem from the use of 

different radioassay techniques to measure the receptor. The radioreceptor assay used in 

this study was based on direct measurements of binding of progesterone to its binding site, 

wMe in previous studies an indirect photoaflfinity-labeling method was used in which 

R5020 is covalently bound to membrane by UV irradiation. This indirect technique 

assumes that R5020, an analog for the classical intraceUular progesterone receptor, binds 

specifically and with affinity similar to that of progesterone to the progesterone binding 

site of the Xenopus oocyte membrane. However, these assun:q)tions were invaHdated by 

the results of this study, since R5020 bound poorly to the oocyte membrane and did not 

compete weU with progesterone for the progesterone binding site. Interestingly, it has 

been reported that synthetic (classical) corticosteroid analogs also do not conq)ete with 

corticosterone for a corticosterone receptor in neuronal membranes of newts (Orchinik et 

al, 1991). 

Although the results of this study have indicated the presence of a high-affinity 

receptor for progesterone in the plasma membrane of Xenopus oocytes, the specific 

location of this receptor within the plasma membrane is unclear. For exan^le, the 

Hgand-binding site of the receptor may be associated not with the outer but with the iimer 

surface of the plasma membrane (Tso et al, 1982; Cartaud et al, 1984). However, 

further investigation is needed to determine the specific localization and distribution of the 

MIS receptor in the plasma membrane of Xenopus oocytes. 

For many hormones acting on ceU membrane receptors, transmembrane signalling 

systems usuaUy involve guanosine triphosphate (GTP)-binding proteins (G-proteins). 

Changes in the interaction between receptors and G-proteins induced by Hgand binding 

lead to changes in the production of intraceUular second messengers, w^ch then regulate 

activities of protein kinases (Simon et al, 1991). In earHer studies with Xenopus oocytes, 

progesterone lowered oocyte cAMP levels by mhibiting adenylate cyclase activity in the 

plasma membrane (Sadler and MaUer, 1981; MaUer, 1983; CicireUi and Smith, 1985). 
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Recently, it has been suggested that progesterone can induce not only a decHne in cAMP 

but also in diacylglycerol (DAG) levels, thereby leading to the decreased activities of 

protein kinase A and protein kmase C, respectively; the reduced kinase activities are said 

to lead, by a stiU unclear mechanism, to the induction of protein synthesis, activation of 

maturation-promoting factor, and oocyte maturation (Smith, 1989). Recent studies in 

Rana dybowskii, however, mdicated that an increase, rather than decHne, in protein kinase 

C activity is in:q)ortant for the initiation of oocyte maturation and ovulation (Kwon and 

Lee, 1991; Kwon et al, 1992). Moreover, recent reports suggest that maturation of 

Xenopus oocytes can occur without changes in cAMP levels (Gelerstein et al, 1988). 

Therefore, although G-proteins may be involved in the signaling pathway for 

progesterone action on Xenopus oocyte maturation (Cork et al, 1990), the specific 

second messenger mechanisms of this proposed involvement are stiU unclear. Clearly, our 

knowledge of transmembrane signalling events initiated by the binding of MIS to its 

membrane receptor is limited and controversial. It is expected that studies such as the 

present one addressing the binding and physicochemical characteristics of the MIS 

receptor wiU yield useful information to help clarify these transduction mechanisms. 

In summary, the results of this study showed the presence of a high-affinity, 

low-capacity receptor for progesterone in plasma membranes of Xenopus oocytes. This 

MIS receptor did not show significant affinity for R5020, indicating that it is different 

from the classical intraceUular receptor for progesterone. FinaUy, MIS receptor 

concentration in oocyte membranes seems to be hormonaUy and developmentaUy 

regulated and to correlate positively with oocyte sensitivity to MIS. 
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Fig. 2.1. Time course of binding of tritiated progesterone to membrane preparations from 
whole ovary. Displaceable binding (see text) was determined at various times after the 
onset of incubation. Each value represents the mean (+ SE) of tripHcate determinations. 
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Fig. 2.2. Effect of pH on displaceable binding of progesterone to membrane preparations 
from whole ovary. Membrane sanq)les were prepared in buffer at the various pH values. 
Tracer solutions and rinse buflfers were also prepared at the appropriate pH. Protein 
content of membrane preparations was measured, and displaceable binding was 
determined. Each value represents the mean (± SE) of triphcate determinations. Values 
with different letters differ significantly (p < 0.01, ANOVA followed by Duncan's 
Multiple Range test). 
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Fig. 2.3. Effect of temperature. Whole-ovary membrane preparations of the same protein 
concentration were incubated for 1 h at dififerent temperatures, and displaceable binding 
was detennined. Each value represents the mean (+ SE) of triplicate determinations. 
(Asterisk,/? < 0.01. Student's /-test) 
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Fig. 2.4. Linearity of sample dilution. Whole-ovary membrane preparations were serially 
diluted with buffer. The protein content of the undiluted sample was determined before 
the assay. Displaceable binding was determined at each dilution. Each value represents 
the mean (± SE) of triplicate determinations; the correlation coeflScient (r) was 0.95. 
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Fig. 2.5. Progesterone binding in membrane preparations from whole ovary and ovarian 
somatic cells. The protein content of the membrane preparations were equalized before 
the assay, and displaceable binding was determined. Each value represents the mean (+ 
SE) of triplicate determinations. (Asterisk, p < 0.01, Student's /-test). 
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Fig. 2.6. Effect of proteolysis on displaceable progesterone binding. Whole-ovary 
membrane preparations were treated with trypsin (upper and lower panels) or trypsin and 
antitrypsin (lower panel) for 12 h before the assay (see text). Each bar represents the 
mean (+ SE) of 6 repHcates. (Upper panel: asterisk, p <0.01, Student's /-test; lower 
panel: values with different letters differ significantly, /? <0.01, ANOVA followed by 
Duncan's Muhiple Range test). 
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Fig. 2.7. Scatchard plot of progesterone binding activity in membrane preparations from 
defoUiculated oocytes. Data corrected for nonspecific binding yielded a straight line. 
Each value represents the mean of tripHcate determinations. Membrane preparations were 
incubated with radiolabeled progesterone (5 nM) alone or in combination with various 
amounts of unlabeled progesterone. The bound/free (B/F) values from the iocubations 
with 5 -20 fiM of unlabeled progesterone are not shown in the graph since these values 
fell within the nonspecific binding (lim B/F) as defined by Chamness and McGuire (1975). 
The Kg for this particular assay was 5.1x10'^ M. 

44 

:i r 



Table 2.1. Receptor concentration and Kj) of binding for progesterone 
in ovarian membrane preparations from Xenopus laevis as 
determined by Scatchard analysis 

San^le 

Pigmented 

whole ovary 

defolliculated oocyte 

Albino 

w^ole ovary 

N^ 

6 

2 

1 

Receptor 
(pmole/mg protein) 

2.8(1.0-6.3)^ 

1.0(0.9-1.0) 

2.2 

(nM) 

8.8(5.1- 12) 

4.4(3.7-5.1) 

17.2 

* Number of determinations using tissue from different animals 
'' Average (range) 
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Fig. 2.8. Displacement of radiolabeled progesterone binding by various unlabeled steroids 
in membrane preparations from whole ovary. Values (average of two independent 
determinations) are expressed in reference to the displacement obtained with unlabeled 
progesterone (assigned a value of 100%). As in all other experiments of this study, high 
displaceable (specific) binding values for progesterone were obtained in these experiments 
(over 80% of total binding). 17a,20B-P: 17a,20ii-dihydroxy-4-pregnen-3-one; see text 
for other abbreviations. 
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Fig. 2.9. Displacement of radiolabeled R5020 binding by various unlabeled steroids in the 
membrane preparation as in Figure 2.8. Values (average of two independent 
determinations) are expressed in reference to the displacement obtained with imlabeled 
R5020 (assigned a value of 100%). The displaceable (specific) binding for R5020 was 
very low in these experiments (only about 30% of total binding). 17a,20ii-P: 
17a,20C-dihydroxy-4-pregnen-3-one. 
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Fig. 2.10. Effect of stimulation by hCG on MIS receptor concentration in membrane 
preparations from whole ovary. 0\'arian fragments were treated in vitro with hCG (50 
lU/ml) for various lengths of time, and the receptor concentration was subsequently 
determined by Scatchard analysis. Each bar represents the mean (+ SE) of duphcate 
determinations. Bars associated with different letters differ significantly (log-transformed 
data;/? <0.01, ANOVA followed by Duncan's Multiple Range test). First sign of GVBD 
were detected at 4 h; massive GVBD and ovulation were evident at 12 h. 
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Fig. 2.11. Effect of oocyte development on MIS receptor concentration. Membrane 
preparations were obtained from defolliculated oocytes of different stages: stage IV 
(average diameter, 0.9 mm) and stage V-VI (average diameter, 1.2 mm). Protein content 
of the membrane preparations was measured and equalized, and the displaceable binding 
was determined (upper and lower panels represent the same resuks expressed in different 
units; see text). Each bar represents the mean (+ SE) of trg)licate determmations. 
(Asterisk,/? <0.01, Student's Mest). 
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CHAPTER 3 

ISOLATION AND PURIFICATION OF A MEMBRANE 

PROTEIN WITH ELECTROPHORETIC AND 

IMMUNOLOGIC CHARACTERISTICS OF 

THE CELL SURFACE PROGESTERONE 

RECEPTOR OF XENOPUS OOCYTES 

3.1 Abstract 

Previous work from our laboratory established the presence of a high-affinity, 

plasma membrane progesterone receptor (mPR) in Xenopus oocytes. However, Uttle is 

known in general about the characteristics of cell surface steroid receptors. Therefore, the 

objective of this study was to isolate and purify the mPR of Xenopus oocytes as part of an 

ongoing effort to achieve its foil characterization. The mPR was solubilized from oocyte 

membranes (1.5% digitonin, 90 min) and appHed to native, steady state- (SS)-PAGE tubes 

to isolate its Hgand binding activity. Following this procedure, a single peak of 

progesterone binding activity widch was saturable m the presence of excess unlabeled 

progesterone was consistently observed along the tube gels. The migration distance of 

the peak varied in gels of different acrylamide concentrations (4 - 7%). Native molecular 

weight analysis showed the progesterone binding protein to be about 107 KDa. Protein 

san]5)les were fiirther separated by placing the tube gels on second-dimension SDS-PAGE 

(slab gels). In silver-stained slabs, a single spot was identified that corresponded to, and 

exclusively comigrated with, mPR activity in the first-dimension tube gels of different 

acrylamide concentrations. This protein was electroeluted from the gels and shown to be 

homogenous by gradient SDS-PAGE. The molecular weight of the protein under 

reducing or nonreduciug conditions was 90 KDa. A highly specific immune serum 

directed against this 90 KDa protein significantly inhibited the progesterone binding 

activity of oocyte membrane preparations. In conchision, the mPR of ̂ e«o/7M5 oocytes 

was solubihzed and isolated, and a 90 KDa monomeric protein with electrophoretic and 

immunologic characteristics of this mPR was purified. 
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3.2 Introduction 

The action of steroid hormones in most well-known cellular systems involves 

difRision of the hormone into the target cell and binding to intracellular receptors for 

subsequent regulation of gene expression (Carson-Jurica et al, 1990). However, the 

relatively slow genomic mechanisms of this type of steroid action cannot account for all 

ceUular effects of steroids. Rapid physiological effects of steroids at the level of the 

plasma membrane have been reported in various cell or tissue types including oocytes 

(Baulieu et al, 1978; Smith, 1989; Jalabert et al, 1991), brain (Ke and Ramirez, 1987, 

1990; Majwska, 1987; Hua and Chen, 1989; Ramirez et al, 1990; Schumacher, 1990; 

Schumacher g/fl/., 1990; McEwen, 1991), pituitary (Borski e/a/., 1991), hepatocytes 

(Sanchez-Bueno et al, 1991), heart myocytes (Koenig et al, 1989), lynq)hocytes 

(Gametchu, 1987), and sperm (Osman etal, 1989; Blackmore etal, 1990; 1991; 

Blackmore and Lattanzio, 1991; Meizel and Tumer, 1991; Blackmore, 1993; Tumer et 

al, 1994). These rapid responses of cells to steroids are beUeved to be mediated by cell-

surfece receptors (Haukkamaa, 1987; Touchette, 1990; Blackmore, 1993; Redding and 

Patino, 1993). High-affinity steroid receptors have been reported in plasma membranes of 

fish oocytes (Patino and Thomas, 1990; Yoshikuni et al, 1993), amphibian oocytes (Liu 

and Patino, 1993), newt neurons (Orchinik et al, 1991), S-49 lynq)homa cells (Gametchu 

et al, 1991a, b), and various other tissues or subcellular fractions (Haukkamaa, 1987). 

Membrane binding sites (putative receptors) for steroids have also been reported in rat 

brain (Tischkau and Ramirez, 1993) and human sperm (Blackmore et al, 1991; 

Blackmore and Lattanzio, 1991; Blackmore, 1993; Tumer e/a/., 1994). The presence of 

membrane steroid receptors has been positively correlated with the physiological effects of 

steroids during oocyte development (Patino and Thomas, 1990; Thomas and Patino, 1991; 

Liu and Patino, 1993), spermatic acrosome reaction (Blackmore et al, 1991; Blackmore 

and Lattanzio, 1991), lynq)hocytolysis (Gametchu 1987; Gametchu et al, 1991a, b), and 

behavior (Orchinik e^cr/., 1991). 

Information on the transmembrane signaling events initiated by the binding of 

steroids to their membrane receptors is hmited. The steroid signal transduction of the 
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plasma membrane of anq)hibian oocytes (Cork et al, 1990), rainbow trout oocytes 

(Yoshikuni and Nagahama, 1994), and newt neurons (Orchinik et al, 1992) appears to be 

mediated by guanosme triphosphate (GTP)-binding proteins (G-proteins). Aggregation 

and migration of steroid-receptor conq)lexes (Tesarik et al, 1992; Tesarik and Mendoza, 

1993) and couphng of the receptor to chloride channels (Wistrom and Meizel, 1993) have 

been inq)licated in the mediation of progesterone action on the acrosome reaction of 

human sperm 

The structural characteristics of membrane-associated steroid receptors are largely 

unknowDL la ^n^al, pattems of Ugand binding specificity differ between membrane 

steroid receptors and their respective intracellular steroid receptor coxmterparts (Orchinik 

etal, 1991; Blackmore g/a/., 1991; Blackmore, 1993; Lhi and Patino, 1993). This 

observation suggests that the Ugand binding domain of membrane steroid receptors is 

structurally different from that of intraceUular receptors. The existence of structural 

differences between membrane and intraceUular receptors would not be surprising, 

considering their different signal transduction mechanisms and their likely difference in 

hydrophobic-hydrophiUc interactions with their respective surrounding media, ff these 

membrane steroid receptors are associated with G-protems (see above), their structure 

could resemble that of the larger famUy of G-protem-Unked membrane receptor (Dohlman 

etal, 1987). 

A 40 - 50 KDa membrane protein from rat brain that binds a progesterone-bovine 

serum albumin (P-BSA) con:q)lex was recently purified (Tischkau and Ramirez, 1993). 

However, the binding affinity of this protem for free progesterone appeared to be low 

(Tisdhkau and Ramirez, 1993) and simUar to that of non-specific binding sites. We have 

previously characterized the binding activity of a high-affinity, low-capacity membrane 

progesterone receptor (mPR) in oocytes of Xenopus laevis. The objective of the present 

study was to isolate and purify this mPR as part of an ongoing effort to achieve its fiiU 

characterization. 
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3.3 Materials and methods 

3.3.1 Chemicals and other materials 

[l,2,6,7-^H]-progesterone (93.5 Ci/mmol) was purchased from New England 

Nuclear (Boston, MA); DEAE Bio-Gel Agarose (100 - 200 mesh) from Bio-Rad 

(Hercules, CA); digitonin, EDTA, toluene, and Whatman glass microfiber filters (GF/A 

and GF/B) from Fisher Scientific (Fair Lawn, NJ); 7-20% gradient gels from Jule 

Biotechnologies Inc. (New Haven, CT); Spectra/Por dialysis membranes from Spectrum 

Medical Industries Inc. (Houston, TX); and ECL™ Westem blot kit from Amersham 

Corporation (Arlington Heights, IL). AU other chemicals were from Sigma Chemical Co. 

(St. Louis, MO). 

3.3.2 Preparation of plasma membrane sanq)les 

Adult, female X. laevis (body weight: 120 - 140 g) were purchased from Nasco 

(Fort Atkinson, WI) and maintained in an aquarium (Living Stream System; Frigid Units 

Inc., Toledo, OH) usmg standard rearing practices. General procedures for ovarian tissue 

coUection, oocyte denudation, plasma membrane preparation, and protein assay were 

described by Liu and Patino (1993). 

3.3.3 Solubilization of plasma membrane protein 

Digitonin was dissolved at 1.5% (w/v) in appropriate buffer (see below), and 

oocyte plasma membranes were incubated in this solution for 1.5 h at 0 °C. The 

mcubation mixture was vortexed for 10 sec every 15 min. The suspension was then 

centrifoged (Beckman, L8-70) at 100,000 x g for 1 h at 2 "C. When appropriate, tiie 

peUet (membrane fraction) was resuspended in appropriate buffer and used for 

progesterone radioreceptor assay using the filtration technique described by Liu and 

Patino (1993). The supematant (soluble fraction) was used for progesterone binding 

assays using DEAE Bio-Gel or steady state-PAGE (SS-PAGE) procedures. 
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3.3.4 DEAE Bio-Gel radioassay of solubUized receptor 

Our technique was simUar to that developed by Johnson et al (1985) for 

quantitation of androgen binding protein from SertoU ceUs of rats. AU procedures were 

performed at 0 - 2 "̂ C. One hundred microUters of solubUized protem in buffer A (10 mM 

Tris-HCl, pH 7.5; 1 mM EDTA, 12 mM monothioglycerol; 10% v/v glycerol) were added 

to assay tubes containing 300 1̂ of buffer A at 0 °C (protein concentration varied 

according to the experiment). Each tube tiien received 300 îl of DEAE Bio-Gel (50% 

shirry). Tubes were gently shaken for 30 min and then centrifoged at 1500 x g for 5 min. 

The supematant in each assay tube was discarded and the tube blotted. Three hundred 

microUters of buffer A containing 5 nM radiolabeled progesterone alone or in combination 

with 2.5 nM unlabeled progesterone were added to each tube. The tubes were vortexed 

for 5 sec and incubated under gentle agitation for the appropriate lengths of time. After 

this incubation, the tubes were centrifoged at 1500 x g for 5 min. The supematant in each 

assay tube was discarded and the tube blotted. Three milliUters of buffer A were added to 

each tube and vortexed, and the suspension was immediately poured onto a filter 

(Whatman, GF/A) in a filter holder (FH 124; Hoefer Scientific Instruments, San Francisco, 

CA) attached to a vacuum punq). The filter was rinsed with 12.5 ml buffer A and drained 

within 5 sec. Each filter was then placed in 7-ml plastic scintiUation vials and counted for 

radioactivity in 5 ml of ScintiVerse cocktaU (Fisher) using a Uquid scintiUation counter 

(Beckman LS 7500, Beckman Instruments, Inc., Palo Alto, CA). 

3.3.5 Steady state polyacrylamide gel electrophoresis (SS-PAGE) 

This protocol is similar to the one developed by Ritzen (1974) for measurement of 

androgen binding protein in mammaUan testis. Five nanomolar radiolabeled progesterone 

alone or in combination with 2.5 nM unlabeled progesterone and acrylamide at the 

appropriate concentrations were dissolved in 343 mM Tris buffer (pH 8.3, 2 °C). The 

solutions were polymerized in glass tubes at 4 ''C overnight (gel dimensions, 65 x 3 mm). 

AUquots (200 ng protein) of solubUized sanq)le in buffer B (5 mM Tris-Base; 38 mM 

glycine; pH 8.3, 2 °C) were loaded on the gels. Electrophoresis was performed with 
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buffer B in anodal and cathodal reservoirs at 2 °C and 2 mA/tube for approximately 5 h. 

After electrophoresis, the gels were sUced mto 5 mm sections. Each sUce was placed m 7-

ml plastic scintUlation vials, and 5 ml sdntUlation fluid (2,5-dq)henyloxazole, 0.5%, and 

l,4-bis[2-(4-methyl-5-phenyloxazolyl)]benzene, 0.005%, in toluene) were added. Vials 

were gently shaken overnight and placed in a Uquid scintUlation counter for radioactivity 

determination. 

3.3.6 Sodium dodecyl sulfate polyacrylamide gel 
dedrophoresis (SDS-PAGE) 

Tube gels were electrophoresed in second dimension SDS-PAGE slab gels for the 

identification and purification of mPR protein. For this purpose, after first dimension 

electrophoresis the tube gels were soaked for 20 min ia equiUbration buffer containing 2% 

SDS, 10% glycerol, 5 mM DTT, 62.5 mM Tris, pH 6.8. The gels were positioned on top 

of the separating slab gel and covered with a solution containing 1% agarose, 0.1% SDS, 

125 mM Tris, pH 6.8. The separating gel (14 x 15 cm, 3 mm thick) contained 7.5% 

acrylamide, 0.1% SDS, 375 mM Tris, pH 8.8. The running buffer contained 25 mM Tris, 

192 mM glycine, 0.1% SDS, pH 8.3, 19 "C. Electrophoresis was performed at 60 

mA/gel, 19 °C, for approximately 4 h. After electrophoresis, slab gels were stained with 

sUver nitrate or Coomassie Blue R-250. For silver staining, gels were fixed overnight in 

50% methanol, 10% acetic acid, and 0.025% formaldehyde. Fixed gels were washed in 

50% methanol 3 times for 30 min each and treated with 0.02% sodium thiosulfate for 1 

min. Gels were stained with 0.4% sUver nitrate and 0.08% formaldehyde for 1 h, and 

developed in 6% sodium carbonate, 0.004% sodium thiosulfate, 0.1% formaldehyde. For 

Coomassie Blue staining, gels were stained with 0.1% Coomassie Blue R-250 in 40% 

methanol and 10% acetic acid, destained in 40% methanol, 7% acetic acid, and washed in 

50% methanol solution once. 

In some experiments sUces containing the peak mPR activity were cut off from 

several tube gels, positioned end to end on top of the separating gel, and run in 

SDS-PAGE slabs as described above. For mass purification of the receptor, the 
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solubUized san^le was boUed and directly loaded on the slab gel without prior tube gel 

separation. 

3.3.7 Electroelution of putative mPR from SDS-PAGE gels 

Once the putative mPR band was identified on slab gels (see Results), unstained 

gel strq)s contaming the protein were cut out, minced, and electroeluted (Model 422 

Electro-Eluter, Bio-Rad). Electroelution was performed in volatUe buffer containing 50 

mM ammonium bicarbonate and 0.1% SDS at constant current (15 mA/glass tube) for 6 h, 

foUowed by electroelution in volatUe buffer without SDS for 3 h (to remove SDS). The 

eluate was coUected and dialyzed (Spectra/Por dialysis membrane, MWCO: 12 -14 KDa) 

overnight in distiUed water at 4 ° C; this step was necessary to eUminate SDS 

contamination of the sample. The dialyzed eluate was dried using a sample concentrator 

(RC 10.10, Jouan, Winchester, VA). 

3.3.8 Binding activity of purified putative mPR 

After mass purification, the putative mPR (1 and 10 ^g) was loaded onto tube 

gels. Freshly solubilized sample (200 \ig protein) served as positive control. FoUowing 

SS-PAGE as described above, the radioactivity distribution along the tube gels was 

determined. 

3.3.9 Enzymatic digestion of purified putative mPR 

The purified putative mPR was incubated with endoproteinase Glu-C in buffer 

containing 125 mM Tris-HCl (pH 6.8), 1 mM Na^EDTA, and 10% glycerol at 22 °C for 7 

h, with gentle vortexing for 10 sec every 1 h. Several enzyme concentrations were used. 

Prior to electrophoresis, the reaction products received SDS and BriUiant Blue G to final 

concentrations of 0.1% and 0.01%, respectively, and boUed for 1 min. The digested 

sanq)les were electrophoresed in slab gels (7-20% gradient, 0.75 mm thickness) at 65 V 

for 3 h. Tricine was used as tracking ion in cathode buffer (Schagger and von Jagow, 

1987). Gels were sUver-stained for peptide mapping. 

56 

-.1 iMijHJwe: 

\ 



3.3.10 Molecular weight analysis of native mPR and 
denatured putative mPR 

Procedures for molecular weight analysis of native proteins have been described 

elsewhere (Hames and Rickwood, 1990). Briefly, using the same procedures described 

earUer for SS-PAGE, proteins (supematant of solubilized sanq)les or molecular weight 

markers) were electrophoresed in tube gels at each of four different acrylamide 

concentrations (5-8%). The Rf of the protein was determined in each gel relative to the 

tracking dye. To calculate the Rf of the mPR, we assumed that the location of its peak 

binding activity was the middle of the 5 mm gel section with the highest accumulation of 

radioactivity at each acrylamide concentration. Values of 100 Log(Rf x 100) were plotted 

against the acrylamide concentration and the slope of the plot was determined for each 

protem. A standard curve was constructed by plotting the logarithm of the slope for each 

marker against the logarithm of its molecular weight. Molecular weight analysis of the 

putative mPR was also determined by SDS-PAGE (slab gels) once the band of interest (90 

KDa) was identified (see Results). 

3.3.11. Anti-putative mPR immune serum 

An antiserum against the purified 90 KDa protein was produced (HRP Inc., 

Denver, PA). FoUowmg coUection of preimmune serum, immunogen (24 ng) was injected 

intranodaUy in Freund's conq)lete adjuvant into a NEW rabbit. Intranodal boosts in 

Freund's inconq)lete adjuvant were given at 28 days (24 ^g) and at 56 days (30 \ig). A 

production bleed was performed at 66 days, and exanguination at 77 days. The 

experiments reported here were performed using serum from the production bleed. 

To confirm the specificity of the immune serum, mtact plasma membranes were 

prepared from defoUiculated oocytes (stage VI). Plasma membrane preparations and 

purified mPR were boUed for 4 min in gel loading buffer containing 50 mM Tris, 100 mM 

DTT 2% SDS, 10% glycerol, 0.1% Bromophenol blue, pH 6.8. San^les were loaded to 

a SDS-PAGE minigel (Mini-Protean II, Bio-Rad), and electrophoresis was performed at 

200 V for 50 min. One lane containing total plasma membrane proteins (2 ^g) was used 
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for silver-staming. The lanes containing total plasma membrane proteins (10 ng) or 

purified putative mPR (1 ng) were electroblotted onto an immobUon-P^^ membrane at 100 

V for 2 h (Mini Trans-Blot, Bio-Rad). The membrane was probed using ECL™ Westem 

blot kit with anti-putative mPR immune serum as the primary antibody (1:10000) and goat 

anti-rabbit serum as secondary antibody (1:3000). 

3.3.12 Effects of immune serum on mPR activity 

Plasma membranes prepared from >\^ole-ovary (final protein concentration: 400 

\ig/jrl) were preincubated without or with anti-putative immune serum (1:10000 dUution) 

at 0" C for 1,2, 4, and 16 h. After this preincubation, the samples were incubated with 

radiolabeled progesterone (5 nM) alone or with an excess amount of unlabeled 

progesterone (1.25 jiM). After a 1-h incubation, specific bindmg was determined by 

filtration assay as described by Liu and Patino (1993). 

3.4 Results 

3.4.1 SolubUization of mPR 

In initial experiments, different concentrations (0.5%, 1%, and 1.5%) of each of 

three detergents (Triton X-100, Chaps, and digitonin) were used to solubiUze the mPR 

from oocyte plasma membranes (data not shown). Digitonin at 1.5% (w/v) concentration 

was found to be the most efficient. Digitonin did not affect results of protein 

concentration measurements in the samples. As determined by filtration radioreceptor 

assay (Liu and Patino, 1993), the mPR binding activity associated with the membrane 

fraction after one round of digitonin treatment was reduced to 48% of that of control 

membranes simUarly processed but not treated with digitonin (Fig. 3.1). However, about 

90% of the protein content of the membrane preparation was removed by the digitonin 

treatment (2 mg/ml in untreated membrane preparations vs 0.3 mg/ml in digitonin-treated 

preparations). These observations suggest tiiat mPR protein is relatively resistant to 

sohibUization. Digitonin alone had very low progesterone binding activity m tiie filtration 

radioassay (0.1% of total radioactivity added). 
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The solubilized mPR took approximately 1 h to reach binding equUibrium with 

progesterone (Fig. 3.2). This binding equiUbrium was maintamed for at least 4 h. Serial 

dilutions of solubilized sample showed that binding activity was directly proportional to 

the protein content of the san^le (Fig. 3.3). DEAE Bio-Gel matrix alone had very low 

progesterone binding aaivity in the radioassay (< 0.1% of total radioactivity added). 

3.4.2 Isolation of solubUized mPR by SS-PAGE 

In SS-PAGE gels, progesterone binding activity was not detected in supematant 

from sample that was not treated with digitonin, only in supematant from solubilized 

san^les (Fig. 3.4). Moreover, this activity was not observed when only buffer (Fig. 3.5A) 

or only digitonin in buffer (Fig. 3.5B) was loaded on the gels. A sharp peak of specific 

binding (radiolabeled progesterone binding that could be displaced by excess unlabeUed 

progesterone) was consistently observed in supematants of digitonin-treated membranes 

(Fig. 3.5C). These observations strongly indicated that the binding activity detected m our 

SS-PAGE e?q)eriments represents the binding of progesterone to the solubUized mPR and 

not a technical artifrict. Progesterone binding activity was highest in supematants from 

freshly solubUized sauries, and was decreased by freezmg the san^le before (by 30%) or 

after (by 60%) solubUization. Molecular weight analysis usmg SS-PAGE under 

nondenaturing conditions indicated that the native mPR is approximately 107 KDa. 

3.4.3 Effects of dithiothreitol on mPR binding activity 

For these experiments, plasma membranes were prepared in the presence or 

absence of 5 mM dithiothreitol (DTT). FUtration radioassay (Lhi and Patino, 1993) of 

membrane fractions showed that mPR binding activity increased approximately 2-fold 

when prepared in tiie presence of DTT (Fig. 3.6). This DTT-mduced increase in 

progesterone binding activity was also observed in the sohibUized mPR as determined by 

SS-PAGE (Fig. 3.7). Moreover, in SS-PAGE tube gels, DTT treatment did not affect the 

position of the mPR binding peak (Fig. 3.7). 
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3.4.4 Identification of putative mPR by second dimension 
SDS-PAGE 

In silver-stained second dimension gels (7.5% acrylamide), a single spot was 

detected vMch corresponded to the location of the progesterone binding peak in the first 

dimension gels (Fig. 3.8). The molecular weight of the isolated protein was approximately 

90 KDa. Moreover, by changing the acrylamide concentration of the first dimension gel, 

consistent and exclusive comigration between the progesterone binding peak in the first 

dimension and the 90 KDa protein in the second dimension was demonstrated (Fig. 

3.9A3,C). The molecular weight of the protein determined by SDS-PAGE was the same 

(90 KDa) under reducing (5 mM DTT) or non-reducmg conditions (data not shown). 

We also determined that the yield of the purified 90 KDa protein was 

approximately 0.1% total proteins solubilized from plasma membranes foUowing the 

purification procedures (SS-PAGE, SDS-PAGE, and electroelution). 

3.4.5 Binding activity of purified putative mPR 

A peak of progesterone binding activity was observed in SS-PAGE gels loaded 

with supematant of freshly solubilized membranes (Fig. 3. lOA) or with the mass-purified 

(see above) putative mPR (Fig. 3. lOB, C). However, the binding activity of the purified 

putative mPR was significantly reduced. 

3.4.6 Enzymatic digestion of purified putative mPR 

Digestion of purified putative mPR with endoproteinase Glu-C and separation of 

the peptides by SDS gradient gel generated a peptide map (Fig. 3.11). The same amount 

of sanq)le incubated with different amount of the enzyme generated different pattems of 

peptide fragments. At low enzyme concentration (1:100 dUution), two promment and 

other few minor fragments of high molecular weight were detected. As the enzyme 

concentration was increased (1:20 and 1:10 dUution), peptides of smaUer molecular weight 

were generated. 
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3.4.7. Confirmation of immime serum specificity for the 
90 KDa protem by Westem blot analysis 

Silver-stained lanes loaded with total plasma membrane san^le showed numerous 

protein bands (Fig. 3.12). However, Westem blot analysis of san^le from the same 

preparation showed only one band that was recognized by the unmune serum This band 

migrated sUghtly slower than the purified mPK These observations confirmed that the 

immune serum is highly specific for the 90 KDa protein. The slower migration rate of the 

band in the total membrane protein lane may be due to protein-protein interactions in the 

crude san^le prepaiatioii and to the different amount of protein loaded in each lane. 

3.4.8. Effect of immune serum on binding activity of plasma membranes 

Progesterone binding activity in plasma membranes treated with immune serum 

(1:10000) for 1 - 16 h was significantly reduced compared to their appropriate control (2-

way ANOVA foUowed by Fisher's Least Significance Difference (LSD) test, /?< 0.001) 

(Fig. 3.13). The binding activity of plasma membranes in the absence of immune serum 

(controls) did not change through time (Fisher's LSD test, p>0.05). In preliminary 

experiments, preimmune serum at dUutions of 1:5000 and greater did not inhibit binding 

(data not shown). 

3.5 Discussion 

In the present study, the mPR of Xenopus oocytes was solubUized and isolated, 

and a protein vsdth electrophoretic and immunologic characteristics of mPR was purified 

to homogeneity. 

The binding characteristics of the solubUized mPR exhibited some changes 

compared to those of the membrane-bound progesterone receptor in Xenopus oocytes. 

Progesterone binding to the solubihzed receptor reached equUibrium after about 1 h 

(present study), wMe progesterone binding to the membrane-bound receptor reached 

equUibrmm witiiin only 15 min (Liu and Patino, 1993). Also, the binding activity per unit 

protein mass in crude solubUized fractions (Fig. 3.3) was lower than in intact membrane 
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preparations (Lhi and Patino, 1993). Interestmgly, sunUar results have been obtained witii 

rambow trout. In this species, equiUbrium binding of 17a,20p-dUiydroxy-4-pregnen-3-

one to its solubUized oocyte membrane receptor takes longer than to the unsolubUized 

receptor (1 h vs 30 min); also, the bmdmg affinity of the sohibUized receptor is lower tiian 

that of the membrane-bound form (YoshUomi et al, 1993). At present, the reason for 

these differences m binding activity between intact and solubUized receptors is unknown. 

However, because of hydropathic interactions, it is possible that the conformation of 

solubUized receptors differs from that of membrane-bound receptors. It has been also 

shown that some membrane receptors that are associated with G-proteins have higher 

Ugand affinity than those that become dissociated from G-proteins (Haga et al, 1986). In 

this regard, the transmembrane signaUing pathway of maturational steroid action in fish 

and anq)liibian oocyte may involve G-protems (Cork et al, 1990; Yoshikuni and 

Nagahama, 1994). Thus, it is possible that solubUization of the Xenopus oocyte mPR 

causes conformational changes as weU as dissociation of receptor-G-protein complexes 

which then could lead to changes in binding activity. 

The observation that DTT enhanced mPR bmding activity in intact membranes and 

in solubilized receptors may indicate that the plasma membranes contain latent mPR that 

can be activated by this reducing agent. It has been previously reported that DTT has 

marked effects on the Ugand bmding activity of a variety of receptors includmg membrane-

bound peptide hormone receptors (Swanson et al, 1988; Dohhnan et al, 1990; Mitra and 

Carraway, 1993; Gray and Tsai, 1994), membrane-bound steroid receptors (Orchinik et 

al, 1992), and mtraceUular steroid receptors (Tienrungroj et al, 1987; MoudgU et al, 

1989; Peleg et al, 1989). However, vdiether the effect on Ugand binding is stimulatory or 

inhibitory seems to vary depending on the particular receptor system studied and on the 

concentration of DTT. The effects of DTT may be direct (on the receptor) or mdkect (on 

the membrane environment). If sulfliydryl groups or disulfide bridges are located within 

the Ugand binding pocket of the receptor, then the binding activity of the receptor could be 

affected by DTT. At present, the mechanism of the effects of DTT on receptor binding 

activity is unclear. 
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Isolation and purification of the protein tentatively identified in this study as the 

mPR was performed usmg a novel combination of techniques. The fimctional (active) 

progesterone receptor was solubilized from the plasma membrane with digitonin, and the 

bmding activity was isolated by first dimension native gel electrophoresis (SS-PAGE). A 

protem that uniquely corresponded to the position of mPR binding activity was then 

identified by second dimension SDS-PAGE. Recently, Tischkau and Ramirez (1993) 

reported the isolation of a membrane-bound progesterone binding protein from rat brain. 

In their study, progesterone was conjugated to radiolabeled BSA, and this con:q)lex was 

used in affinity chromatography to fractionate the sample preparation. Assays of binding 

activity were then used to localize the steroid binding fraction. The method used in our 

study is relatively straightforward, since the fractionation of the receptor protein and the 

determination of its steroid binding activity are both performed in a single step by the 

single technique of SS-PAGE. Moreover, and perhaps more importantly, SS-PAGE does 

not require the chemical modification of the native Ugand for isolation of the receptor. 

Covalent linking of steroids to proteins or chromatography matrices carries the risk of 

altering their binding activity pattems, which in turn could affect the specificity of the 

affinity chromatography technique. In this regard, the protem recognized by P-BSA in the 

study of Tischkau and Ramirez (1993) appeared to have low affinity for unmodified (free) 

progesterone. 

The protein purified in our study had very low progesterone binding activity, and 

thus a direct confirmation of its identity was not possible. However, the harsh conditions 

of mass protein purification used for these experiments could significantly decrease the 

progesterone binding activity of the receptor. For example, incubation of membrane 

preparations at room ten^erature for as Uttle as 1 h significantly decreased tiieir 

progesterone bindmg activity (Lhi and Patino, 1993). Also, freezmg tiie preparations 

before or after solubUization significantly decreased tiie binding activity (tiiis study). The 

exceUent correlation between tiie progesterone bindmg activity m first-dimension native 

gels of different acrylamide concentrations and the 90 KDa protein m second-dimension 

gels provided good preUminary evidence for identifying tiiis protem as the mPR, since the 
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probabUity is low that different proteins would coincide in molecular weight and in charge 

(the basis for protein separation in native protein electrophoresis). This conclusion is 

fiuther supported by our finding that the yield of tiie purified 90 KDa protem (0.1% of 

total solubUized proteins) is within the range of concentrations of progesterone receptor 

reported by Liu and Patino (1993). Moreover, strong confirmation of this conclusion was 

achieved in our experiments with immune serum (see below). 

It has been shown that antibodies directed against ceU surface receptors for 

hormones can either mhibit or mimic the action of the natural Ugand (KeUy et al, 1985; 

Taylor et al, 1985). Depending on the location of the epitopes, the inhibitory effects on 

Ugand bmdmg of the antkeceptor antibodies can range from 0 to 100% of control values. 

In the present study, significant inhibition (up to 68%) of progesterone binding activity of 

plasma membranes occurred after preincubation with immune serum, wiiich was highly 

specific for the 90 KDa protein. Thus, the overaU data from this study strongly indicates 

that the 90 KDa protein we purified is the mPR However, a fiiU physical and fimctional 

characterization of the 90 KDa protein wiU be necessary before its identity can be 

positively confirmed. Toward this end, a Xenopus oocyte cDNA expression Ubrary was 

constructed and screened with the anti-90 KDa immune serum, and positive clones are 

now being characterized. 

In this study, the molecular weight of the oocyte mPR was estimated at 107 KDa 

by native SS-PAGE, and at 90 KDa by denaturing SDS-PAGE. The 17 KDa difference in 

molecular weight may be the result of the inherent difference between the two methods of 

molecular weight analysis. Native protein electrophoretic methods of molecular weight 

analysis are not as accurate as denatured protein methods (Hames and Rickwood, 1990). 

However, it is also possible that the 90 KDa protein is a large subunit of a putative 107 

KDa protem. A smaU subunit (17 KDa) could have passed undetected in the 7.5% 

acrylamide second dimension gels used for purification. 

Tischkau and Ramirez (1993) reported the molecular weight of a (P-BSA)-bindmg 

protein isolated from rat brain to be about 40 - 50 KDa. Sadler and MaUer (1982) and 

Blondeau and BauUeu (1984) reported 1 lOKDa and 30 KDa proteins, respectively. 
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isolated &om Xenopus oocytes membranes that bmd R5020 (a synthetic analog of 

progesterone). However, it is now known that the mPR of Xenopus oocytes bmds R5020 

poorly (Liu and Patino, 1993). Therefore, the significance of the 1 lOKDa (Sadler and 

MaUer, 1982) and 30 KDa (Blondeau and BauUeu, 1984) proteins previously reported is 

imclear. Two forms of intraceUular progesterone receptor (A and B) have been identified 

(Carson-Jurica et al, 1990). The cDNA-deduced molecular weight of the A and B 

receptor is 98 KDa and 86 KDa, respectively, in human (Misrahi et al, 1987), and 86 

KDa and 72 KDa m chicken (Conneely et al, 1987; Gronemeyer et al, 1987). Thus, 

intraceUular receptors for progesterone seem to be of simUar molecular weight as the mPR 

of Xenopus oocytes. Knowledge of the amino acid sequence of the Xenopus oocyte mPR 

wiU be needed to determine if this membrane receptor bears any structural relationship to 

mtraceUular progesterone receptors. 

In sum, the mPR of Xenopus oocytes was solubUized and isolated by SS-PAGE. 

A 90 KDa monomeric protein associated with the mPR was identified and purified to 

homogeneity by second dimension SDS-PAGE. This protein had electrophoretic and 

immunologic characteristics sknUar to those of the mPR Ongoing studies aim to estabUsh 

the fiiU structural characteristics of this protem. 
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J. Neurochem. 54: 467-472. 

KeUy, P.A., Katoh, M. Djiane, J., Houdebine, L.-M. and Dusanter-Fourt, I. (1985). 
Characterization of antisera to prolactin receptors. In: Bimbaumer, L., O'MaUey, 
B.W. (eds.). Methods in Enzymology, vol 109. New York: Academic Press, Inc. 
667-676. 

Koenig, H., Fan, C.C, Goldstone, A.D., Lu, C.Y. and Trout, J.J. (1989). Polyamines 
mediate androgenic stimulation of calcium fluxes and membrane transport in rat 
heart myocytes. Circ. Res. 64:415-426. 

Liu, Z. and Patino, K (199). High-affinity binding of progesterone to the plasma 
membrane of Xenopus oocytes: characteristics of binding and hormonal and 
developmental control. Biol. Reprod. 49: 980-988. 

Majewska, M.D. (1987). Steroid and bram activity: essential dialogue between body and 
mind. Biochem Pharmacol. 36: 3781-3788. 

McEwen, B.S. (1991). Non-genomic and genomic effects of steroids on neural activity. 
Trends Pharmacol. Sci. 140: 141-147. 

Meizel, S. and Tumer, KO. (1991). Progesterone acts at the plasma membrane of 
humane sperm Mol. CeU. Endocrinol. 11: R1-R5. 

Misrahi, M., Atger, M., d'Auriol, L., LoosfeU, H., Meriel, C, Fridlansky, F., Guiochon-
Mantel, A., GaUbert, F. and MUgrom, E. (1987). Con^lete ammo acid sequence 
of the human progesterone receptor deduced from cloned cDNA. Biochem 
Biophys. Res. Commun. 143: 740-748. 

68 

: ^ 



Mitra, S.P. and Carraway, KE. (1993). Inq)ortance of thiol group(s) in the binding of 
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Fig. 3.1. mPR activity in oocyte membrane fractions untreated (control) or treated with 
digitonin. Control preparations were processed in identical manner as the treated samples, 
except that they did not receive digitonin. The protein concentration of the membrane 
fraction after digitonin solubilization was 0.3 mg/ml, and that of the control fraction, 2.0 
mg/ml. Specific binding was determined by filtration assay (Liu and Patino, 1993). Each 
value represents the mean (+ SE) of tripUcate determinations. (Asterisk, p<O.Ol, 
Student's Mest). 
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Fig. 3.2. Time-course of binding of radiolabeled progesterone to solubilized mPR as 
determmed by the DEAE Bio-Gel method. Samples (protein concentration: 2.5 mg/ml) 
were incubated with radiolabeled progesterone (5 nM) alone or with an excess amount of 
unlabeled progesterone (2.5 ^M). The reaction was termmated at various times rangmg 
from 2.5 min to 4 h. The specific binding (DPM in tubes with radiolabel only minus DPM 
in tubes with excess steroid) was determined for each time point. Each value represents 
the mean (+ SE) of tripUcate determinations. 
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Fig. 3.3. Linearity of mPR activity with sample dUution. Solubilized sample was dUuted 
with assay buffer and the protein content of the dUuted samples was determined. San^les 
were incubated with radiolabeled progesterone (5 nM) alone or with an excess amount of 
unlabeled progesterone (2.5 ^M). Specific binding was determined at each dUution after 1 
h incubation using the DEAE Bio-Gel method. Each value represents the mean (± SE) of 
tripUcate determinations. 
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Fig. 3.4. mPR activity in supematants of membrane preparations treated or imtreated with 
digitonin. Tliis experiment was performed in conjunction with experiment of figure 1. 
FoUowing the solubilization treatment, the protein concentration in the supematant of 
sample treated with digitonin was 2.0 mg/ml, and that in the supematant of the untreated 
sair^le, 0.24 mg/mL Sample aUquots (100 1̂) were loaded on SS-PAGE tube gels 
containing 5 nM radiolabeled progesterone and electrophoresed. The radioactivity 
distribution along the gel was determined foUowing electrophoresis. Only one repUcate 
per treatment was run in this experiment. SUce #1 and #13 usuaUy had lower radioactivity 
content (regardless of absence or presence of sanq)le), presumably due to leakage of 
radioactive steroid into the buffer. In tubes loaded with sanq)les, the steroid is 
sequestered by the mPR as it migrates through the gel, thus creating a low radioactivity 
baseUne between the origin and the location of the receptor (see also Fig. 3.7 and Fig. 
3.9). 
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Fig. 3.5. Sample-specific mPR activity measured by SS-PAGE. Gels were loaded in 
buffer without sanq)le (panel A), in buffer containing digitonin (panel B) processed in the 
same manner as the sample, or in buffer with digitonin-solubilized sample (200 ^g protein) 
(panel C). Gels contained 5 nM radiolabeled progesterone alone or with 2.5 \iM. 
unlabeled progesterone. After electrophoresis, the radioactivity concentration along the 
gels was determined. Each value represents the mean (± SE) of trq)Ucate determinations. 
In separate determinations, BSA did not show specific binding activity (not shown). 
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Fig. 3.6. Effect of DTT on mPR activity in oocyte membrane preparations. Plasma 
membranes were prepared in buffer B with or without 5 mM DTT. The samples were 
incubated with radiolabeled progesterone (5 nM) alone or with an excess amount of 
unlabeled progesterone (1.25 jiM) and in the presence or absence (as appropriate) of 5 
mM DTT. The final protein concentration in each assay tube was 345 ng/ml. After a 1-h 
incubation, the specific binding was determined by filtration assay. Each value represents 
the mean (+ SE) of tripUcate determinations. (Asterisk,/? <0.01, Student's / test) 
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Fig. 3.7. Effect of DTT on solubUized mPR. Membrane san^les were processed in the 
presence (5 mM) or absence of DTT. mPR activity was determined in sample aUquots 
(195 fig) by SS-PAGE. Each value represents the mean (+ SE) of dupUcate 
determinations. For statistical analysis, the values from sUces # 4, 5, 6, 7, were added for 
each gel and a one-taU Mest between the treatments was performed. The difference was 
significant (p <0.l). 
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Fig. 3.8. Identification of putative mPR by fiirst dimension SS-PAGE and second 
dimension SDS-PAGE. The location of the mPR binding activity was determined by SS-
PAGE in 4% acrylamide tube gels nm in duplicate. A third tube gel was positioned on top 
of a 7.5% acrylamide SDS slab gel and electrophoresed (see text). Molecular weight 
standards (KDa) were directly appUed to the SDS slab gel. Slab gels were sUver-stained 
to localize the proteins. The arrow head at the top of the figure indicates the location of 
the mPR activity in the tube gels, and the open arrow indicates the location of a protein in 
the slab gel that uniquely corresponded to the location of the progesterone binding peak. 
No other proteins that corresponded to the location of mPR activity were detected in the 
slab. 



205 

116 
97 

SS-PAGE 

9 

^ 

< 

I 

CO 
Q 
CO 

66 

45 

• 

29 

80 



0 2 4 6 8 10 12 
Slice Number. 

Fig. 3.9. Correlation of mPR binding activity m SS-PAGE tube gels of different 
acrylamide concentrations with location of unique protein m SDS-PAGE slab gels. The 
peak of mPR activity was determmed by SS-PAGE in dupUcate tube gels at each of three 
acrylamide concentrations (panel A, 7%; panel B, 5.5%; panel C, 4%; latter is from figure 
3.8). A third tube gel for each acrylamide concentration was electrophoresed in 7.5% 
acrylamide SDS slab gels, Slab gels were silver-stained after electrophoresis. The spot 
containing the 90 KDa protein in the slab gels (shown at the top of each panel) was found 
to exclusrvely comigrate with the mPR activity determined in the first dimension. 
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Fig. 3.10. Binding activity of purified, putative mPR. The supernatant of digitonin-
treated membranes (200 \ig protein, panel A) and the purified putative mPR (1 ^g, panel 
B; 10 ng, panel C) were loaded on SS-PAGE tube gels containing 5 nM radiolabeled 
progesterone. FoUowmg electrophoresis, the radioactivity distribution along the gels was 
determined. 
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Fig. 3.11. Peptide maps of the 90 KDa protein digested with endoproteinase Glu-C. The 
purified protein was incubated with various enzyme concentrations at 22 "C for 7 h. The 
incubates were electrophoresed in 7-20% gradient SDS-PAGE gel and the gel was sUver-
stained. C, control (0.15 ^g sample) without enzyme; 1:100, 0.3 ^g sample with 0.003 ^g 
enzyme; 1:20, 0.3 ^g sample with 0.015 îg enzyme; 1:10, 0.3 ^g san]5)le with 0.03 ^g 
enzyme. The peptide band pattems are different for each enzyme concentration. S and E 
represent the location of the imdigested sample and the enzyme, respectively. The 
proteins of molecular weight standards (KDa) are shown on the left. 
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Fig. 3.12. Confirmation of anti-90 KDa protein immune serum specificity by Westem 
blot analysis. Plasma membranes prepared from defoUiculated oocytes (stage VI) and 
purified putative mPR were loaded on a SDS-PAGE slab. Lane 1, plasma membrane (2 
^g); lane 2, plasma membrane (10 ^ig); and lane 3, purified putative mPR (1 ng). The 
proteins of molecular weight standards (KDa) are shown on the right. 
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Fig. 3.13. Inhibition of mPR activity by anti-90 KDa protein immune serum Ovarian 
plasma membranes (final protein concentration, 400 ng/ml) was preincubated without 
(control) or with immune serum (1:10000 dilution) at 0 °C for various times. After 
preincubation, mPR binding activity was determined by fikration radioreceptor assay. 
Each bar represents the mean (+ SE) of trqjUcate determinations. Numeric values 
represent percentage of binding mhibition in corcq)arison to appropriate control Two-way 
ANOVA and Fisher's Least Significance Difference test were performed. mPR activity 
was significantly reduced at each preincubation time (Asterisk, /?< 0.001). 
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CHAPTER 4 

CONCLUSIONS AND SIGNIFICANCE 

The results of this study demonstrated the presence of a high-affinity, low-capacity 

receptor for progesterone in plasma membranes of Xenopus oocytes. Unlike intraceUular 

progesterone receptor, the MIS receptor did not show significant afSnity for R5020. This 

observation indicates that the Xenopus oocyte mPR differs m Ugand binding activities from 

the classical intraceUular receptor for progesterone. MIS receptor concentration m oocyte 

membranes was hormonaUy and developmentaUy regulated and correlated positively with 

oocyte sensitivity to MLS. The MIS receptor was solubUized and isolated. A 90 KDa 

monomeric protein associated the binding activity of the MIS receptor was identified and 

purified. A specific antibody against the purified 90 KDa protem was produced. This 

antibody significantly inhibited progesterone binding activity of oocyte plasma membrane, 

strongly suggesting that the purified 90 KDa protein is the membrane receptor for 

progesterone. 

Although it has long been argued that a receptor for progesterone is located in the 

plasma membrane offish and an^hibian oocytes, this study provides the first evidence for 

the existence in the ovary of a high-affinity, low-capacity receptor for progesterone which 

is exclusively localized in the plasma membrane of the oocytes. The information from this 

study wiU provide an important basis for fixture research on this unique membrane-boxmd 

steroid receptor. For example, the technique of radioreceptor assay developed m this 

study may be used to study the role of the MIS receptor in transmembrane signalling 

pathways. The anti-mPR antibody may have numerous appUcations such as m the cloning 

and sequencing of the receptor, in the determination of the regional and spatial location of 

the receptor in oocyte plasma membranes, and in physiological studies of progesterone 

induction of oocyte maturation. 

The information obtained from this study on the characteristics of the MIS 

receptor wiU lead to a better understanding of the role played by the MIS receptor in the 

regulation of oocyte maturation in vertebrates. A better understanding of the control of 
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oocyte differentiation in vertebrates is of potential benefit to human clinical medicine. The 

results of the present study can also provide potential contributions to the fields of 

agriculture and biodiversity conservation. 

In agriculture, the information from this study may be usefid for the development 

of new techniques to manipulate and m^rove the reproductive efficiency of animals. For 

exanq)le, this knowledge may be used to in:q)rove fecundity in domestic species. In fish 

aquacuhure, it is generally considered that injections of spawnmg hormones bring about 

the early release of mature sex products from broodfish rather than promote oocyte 

development. In hatchery situations, however, it has been frequently observed that use of 

hormone treatment in broodfish may result in only partial spawn or no spawn at aU. Some 

species do not respond to hormonal treatment in a predictable way, even when the 

broodfish appear to be in prime spawning condition. Often, a significant proportion of 

released eggs from the hormone-injected broodfish are not viable and thus the fertilization 

rate is low. Although some other factors may also contribute to these situations, it is 

possible that one reason for these observations is that oocytes have not yet reached the 

appropriate stage of development and differentiation before hormone administration. 

Thus, an ini^roved imderstanding of the process of oocyte maturation wiU provide the 

biological background to refine techniques of hormonal induction offish spawning. 

Production of sterile fish is of great value in aquaculture and fishery management. 

Inhibition of gonadal development and reproduction would aUow redirecting a 

considerable amount of the energy ingested into somatic (flesh) growth. The release of 

exotic species mto natural environments for short-term management purpose also requires 

con^letely sterilized species (e.g., Chinese grass carp, used for reduction or eUmination of 

some aquatic weeds). The information from this study on the characteristics and role of 

the MIS receptor in maturational conq)etence may be usefid for production of sterile fish. 

Knowledge from this study can be used to develop strategies for conservation of 

endangered animals and to help mamtam genetic biodiversity. Artificial techniques can be 

developed or iiiq)roved for propagation of endangered species so that the continuity of 

species can be ensured. 
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