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This investigation was prfmarily concerned with the interaction 

125 -
of the I-1abe1ed human gonadotropins with testicular tissue from 

'«11; 

the human and from nonhuman ~rimate species. The binding of the 

125 125 ( 125 ' 
I-hFSH and I-hCG (or' I-hLH) ta a particu1ate fraction (Pl) 

d ~ 

,of the prima te testis was highly specifie. GOnad~roPin, binding ~as 

competitive1y disp1aced by the synthetic estro~sO and an inhibitory 

" 
factor present in testicular extracts (140,000 x g supern,atant). The 

b ipchemical propertie§i of the gonadotropin receptor (t~sticular; 
J 

interaction 'Sf the different. primate species were simi1ar in most 

~ 

respects. AlI tissues had a ~reater FSH than LH binding' capacity 
~ . 

, -10 -11 
with an apparent dissocia tian constant in the range of 10 - 10 M. 

An FSH' responsiv~adenYlate cyc1ase was characterized in human ' 

tésticular membranes. In the presence of a chemical1y deglycosylated 
t 

derivative' of FSH it was possible ta uncoup1e the FSH responsive . 
" 

adenyiate cyclase ~xstem; Th~ synthetic estrogens were a1so effective 

inhibitors of the human testicu1ar adeny1ate cyc1ase. 

.. 
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Nous avons étudié principalement l'interaction des gon~dotropines 

humaines marquées à l'iode125 avec le tissu testiculair~ d'humatns et de 

quatre esp~ces de primates non-humains. Nt;us avons observé que la 

liaison de la hFSH et de 1 'hCG (ou hLH) ma!quées à l'iode125 à une 

fraction sous-cellulaire de testicules de primate était hautement 

sp~cifique. La liaison de la gonadotropine est déplacée de façon 
. 

compétitive par les estrogènes synthétiques et par un facteur 

inhibant que l'on retrouve dans les extraits de testicules (140,000 

x g superna&'eant)" L'interaction récepteur (testiculaire) gonadotropine 

possède des propriétés, biochimiques similaires dans presque toutes 

les espèces de primates. Tous les tissus ont une capacité de liaison 

de la FSH supérieure à celle de la LH avec une constante de dissociation 

apparente située :ntre 10-10 - 10-11 M. 

Dans les membranes.testiculaires humains, nous avons caractérisé 
t 

l'adenylate cyclase qui répond à la FSH. Nous avons pu découpler le . ~ 

, 
système adeny1ate cyclase qui r~pond à la FSH en ajoutant un dérivé 

de la FSH déglycosylé chimiquement. Nous avons de plus observé que 

les estrogènes synthétiques étaient d'efficaces inhibiteurs de l'adenylate 

cyclase de testicules humains. 
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STATEMENT OF OBJECTIVES 

"J 

The purpose of this study is to identify and directly compare 

seve raI of the properties of the testicular gonadotf'opin receptors of 

various primate species. In addition, the properties of the human 

gonadotropin-adenylate cyclase system will be investigated. 
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CHAPTER l 

GENERAL INTRODUCTION 

1.1 Hormones 

'. The importanc~ of hormones in the r~gulation of the bodily functions 

of mÜ1ticellular organisms was first defined by Claude Bernard (1). He 

~ed the term internaI secretions to describe how the endoc~ine system 

'adjusts and "correlates the actiyities of the various body systems. The 

internaI secretions functioned to maintain the constancy of the internaI 

milieu (homeostasis). It re~ined for Bayliss and Starling to define 

the term hormone "as a substance produced in one part of the body and 

car~~~~-by the blood or lymph to some other part, the activity'of which 

i8 thereby modified" (2). 

1.2 Discovery of the Gonadotropin Hormones 

The pituitary, a tiny organ surrounded by~e sp~enoid bone and 

covered with the sellar diAphragm, lies in a long cavity, the sella 

,.turd ca. near the hypothalamus and ?ptic chiasm (3). The dependence 

of th~ reproductive sy~tem upon the pituitary was concl~ively 

demonstrated by the effects of ablation and/or replacement of the 

pituitary gland on gonadal growth and flUlction. Smith demonstrated 

that hyp0physectomy (ie: removal of the pituitary gland) resulted in 

gonadal atrophy accompan~ed by' a complete loss of secre~or~io~. 

as evidenced by regression of the accessory sexual structures. Implanta­

tion of rat p_it~itary rissue or administration of saline extracts of 

bovine anterior p~uitary tissue were successful in restoring the 
!1 

deficiencies of the rat reproductive system (4). Pituitary tissue , 
transplant~ w~re also capable of bringing normal immarure mics and rats 

to precocious puberty (5,.6). These results suggested the presence of 

biologica1ly active Substances in the pituitary gland ca~able of 

promoting growth and of' maintaini~g gonada! flnlction'. 
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Subsequent work 1ed ta t~e discovery and partial purification of 

two distinct and separate gonadotropic hormones from the anterior lobe 

of the pituitary gland (7). These hormones'were named for their 

effects on the ovary (8). One of the gonadotropic hormones, luteinizing 

hormone (LH) , is invo1ved in the maintenance of the local and periphera1 

concentrations of the gonada1 steroidal hormones which are essential 

for normal reproductive function and promotes tpe growth and maintenance 

of the corpora 1utea. The second hormone, known as_.folliele stimulating 

hormone (FSH) , regulates the pro cesses concerned with germ cell develop-
~ 

ment (9). A third gonadal stimulating material was discovered in the 
o 

urine of pregnant women. This hormone, of placental origin, was 

recognized as being different from pituitary preparations and was termed 

human chorionic gonadotropin or hCG (10-12), Human chorionic gonadotropin 

is normally produced only by the female, not the male, at the time of 

pregnancy. It is necessary for maintaining the eorpus luteum and 

stimulating steroidogenesis in the corpus 1uteum (13) • 

• 1.3 The Gonadotropic Hormones 

The anterior pituitary hormones LH, FSH, and TSH (thyroid stimulating 

hormone) as weIl as the placental h~rmone hCG are closely related in 

structure in spite of their diverse physio1ogical functions. The above 

hormones are glycoproteins consisting of a protein core with branched 
ri 

carbohydrate ~ide chains. The protein backbone i5 composed of two 

nonidentical polypeptide chains held together by noneovalent interactions 

- hydrogen bonding and Van der Waals forces, One of the peptide chains, 

designated as the alpha or common subunit, is essentially identical for 

each hormone, and is highly conserved from species to species. The 

other suburtit, designated as the beta subunit, is unique ta each hormone 

and confers hormonal specificity ta the molecule (9, 14). Thus sUbunit 

recombination, both interspecies and intraspecies, results in hybrids 

which assume the biological a~tivity of the chosen beta chains. Both 

subunits are needed for binding and the full biologieal expression of' 

the mo1ecule (15, 16). These hormones are foJhd in aIl mammals studied 

and hormones wiFh similar properties have been observed in lower 

vertebrates (17). 
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1.4 Polypeptide Structure of the Alpha Subtmit 
) 

The human alpha subunit is composed of 89 amino'acids with two 

carbohydrate moieties attacned to an asparagine amino acid at position 

#56 and Haz by an N-glycosidic linkage. The amino acid sequences of 

the alpha subuni ts of the gonadotropic hormones from several mammalian 

species are eompared in Figurë 1. While the amine acid sequences of the 

different gonadotropic hormone beta subuni ts wi thin a given speeies 

diverge significantly (Fig. 2), the sequence of the alpha subunits are 

nearly iden tieal wi th the exception of a two amine a id inversion and 

amino terminal heterogeneity. Heterogenei ty at~ amino erminus 

accounts for the presence of more than one ff of the gonado_~=-=:::,,"" 
hormones. The gonadotropins exist as combinations of peptide chains of 

either 89, 90 or 92 amino acids. In the case of human LH, an 89 amino 

acid form predominates (95%). Human FSH and hCG exist primarily (60%) 

as a 92 amino acid peptide chain (14, 18). Among the different mammalian ' 

species, there is approximately 60% homology of the alpha subuni ts (Fig. 1} •. 

The majority of differences in amino acid residues at the various positio/lS 

are due to a single base change in the codon (14). Recently, a single 

hCG alpha subunit gene was detected in human placental tissue. Using 

complimentary ONA (cDNA) clones eneoding this alpha subunit, it was fourld , 
that only a single gene is transcribed to make the alpha subuni ts for LH\ 

o 

FSH, hCG and TSH. The alpha subunit gene for hCG has been locaUzed" ',. 
i 

spec:J..fically on the short arm of chromosome 18 in tumor deri1red humàIl JEG 

cells and normal lymphocytes (19). Whether the gene i8 also present on 
• <'. 

chromosome 6 must await confirmation of the àat~ (19, 20). < th~ existence 

of a single alpha subuni t gene whieh has been conserved t~rough evolution 

would explain the highly conserved structure 6f the different mammalian 

gonadotropin alpha subunits C21, 22). 

As noted earlier, studies on subunit recombination indicated that 
, "-, 

the potency of the recombin~t was primarily dependent on the beta subunit. 

lt la now clear that the alpha subunit also contributes to the .biologieal 

activity of the recombinant. Recombinants with a connnon heta suhunit but 

different alpha subunits exbibited altered steroidogenic and reeeptor 
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OVINE/BOVINE 
HUMAN 
PORCINE 
EaUlNE 
eCG 

1 , 

, , 

5 

4 

10 

- - - --- - --- - ---~-~ 
------------~~-------------------------------

.. 30 35 40 45 50 

-=€D &--
------------~~,-----------------------------

--------------------------------~~-------

FIC. 1 

Amino acid sequence of the alpha subunit of either LH and/or FSH from 

different species. CRO stands for carbohydrate moiety. The numbering 

of residues corresponds ta the ovine/bovine hormones. Discontinuous 

lines show that the chains; are ~horter in the species as compared to 

ovine; solid lines show that the seqUences are iden~ical to ovine 

subunit. Only those residues that areodif~rent from the ovine are 

shown in the circles. (14) 
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Comparison of the structures of LH beta and FSH beta subuoits of 
........... .~ -)"" ... 

three spec1es (14). The constant (C) and variable (V) regions (2# '" ' 
( 

are as follows: VI 15 1-15, V2 15 39-55, V3 15 lOI-COOH terminu~; 

Cl 15 16-~8, C2 1s 56-100. The numbers correspond to ovine LH beta 

sequence. 
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binding, .acti vi ty , (15, 16). Chemical modification of the amino acid or 

'œrbohydrate portion of the alpha submlit was capable of changing the 

potency of the hormone' (14). Further, monoclonal antibodies to specifie 

regions of the individusl subunits of hCG interfered with hormonë-

'u receptor complex formation and block,ed the biological activity of hCG 

(23, 24). These studies indicate that specifie regions of the alpha 

and/or'beta subunits are important for subtmit interaction and/or 

receptor interaction. A summary of the amino acids which are known to 

be involved in subuni t-subunit interaction and hormone-receptor binding 
! • 

Is gi ven in Table 1. 

1.5 Polypeptide Structure of the Beta Subunit 

The gene structure for the beta subuni t is more complex t~an that 

of the alph,a subunit gene. At leas't seven separa te and distinct beta 

~ hCG or hCG like genes were identified in p1acenta1 tissue. An eighth 

8~ne, which appeared similar to the hCG genes, turned out to code for 

the LH beta subunit (25). Whether all these genes are active in 
o 

synthesizing the beta subunit is unkno~ at the present time. The 

similarity of the nucleotide sequence of the' alpha and beta genes suggests 

that these two genes are re1ated and probab1y have evo1ved from a common 

ances tor (26). 

The human LH beta sUbunit ls longer than the alpha subunit, being 

composed of 115 amino acids with the carbohydrate moieties attached to 

an aSp'aragine residue at,position #30 by an N-glycosidic linkage. There 

is considerable homology among the beta subunits. Human LH shares 50% 

homology between itse1f and the ovine, bovine, and porcine beta subunits 

and 82% homology with the beta subm.it of hCG (Fig. 3). The beta subunit 

of hCG differs from that of human LH in having an extra 30 amino acids at 

the carboxy end and carbohydrate moieties attached to positions 1113 and 

1130 at asparagine residues. Furthermore, the hCG beta subunit has four . 
more points of carbohydrate attachment to serine residues near the 

extended carboxy terminal portion (14). 

The human FSH beta subunit shares 85% homology wi th the beta subunits 

of ovine, bovine and porcine FSH (Fig. 4). The second half of the FSH 
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MAPPING OF INTERSUBUNIT AND RECEPTOR BINDING SITES IN GONADOTROPINS
a (14) 

- b 
Residue 

Tyrosine! 

phenylalanine 

Subunit 
interaction 

• a-30, a.41, a-69 

Receptor Subunit Receptor 
bindinit_ ~ interaction _ binding 

â-92 

'. 
6-37, Cys-Ala-Gly-Tyr 

Tyr-59. Phe-82 

-

Lysine 0.-67 o.-55, 95 . éne required _ Not essential/ 

Lysine/arginine , 
1 

6-94 

Methionine ~ o.-51 or a-~5 B-41 

Carboxylic gro~ps Es (~ 

Cystine JI a-1l-35' B-93-100 

, Histidine 
,. 

0.-94 

Tryptophan 8-33 (follitropin) 

a 
Most of ~he data are derived from studies on lutropin. 

b . 
Numbering corresponds to sequence of Cl and 6 subunits in ov4ne lutropin. 
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. FIG. 3 

Comparison of the LH S subunit sequences (14). Xaa indicates a gap . 
in the sequence; CHO is a carbohydrate moiety. Some segments of the 

eCG 6 sequence are incomp1ete and shawn by dotted lines. The iinkages 

and the number of oligosaccharide units in the ex'tended C-terminal 

piece (lf eCG are unknown at present." Most LH B subunits have a CHa 

moiety at position 13 but in human this i8 at: 30; hCG Band eCG B have 

CHa units attached at this site also. 
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FIG. 4 

Comparison of FSH a of different species (14). The reported porcine 

sequence contains three extra amine acid residues that are placed just 

below the main sequence. The amide assignments are not fully c1arified 

in the ovine, porcine, and equine hormones. In those positi~ns where 

their identity is known in at 1east two species, it i5 assumed that u 

" 
such residue positionsare the same in the unclarified sequence. Linkage 

of the two carbohydrate moieties is identica! in aIl sequences. 
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• beta subun:it, except for the carboxy terminal p'ortion, is identical in 

aIl four mammalian species. Human FSH 18 compoged of 118 amino acids 

wi th two carbohY'dra~j~ moieties attached to an asparagine residue at 

positions 117 and 1124 \(14) • . 

The human alpha !nd beta subnits are highly crosslinked internally . ., 
with five and six int aehain disulfide bridges respectively. There are 

no interchain disu1fide bridges. The twelve half cysteine residues of 

the beta chain of LH, FSH, TSH and heG occupy identical positions 

suggesting that the disUIfide ~ridges in these moleculeLare very 

similar. The high degree/of crosslinking of the gonadotropin beta 

subunits ia thought to be responsible for preserving the structural and/or 

conformational integrity of the active site (14). Recently, two constant 

and three variable regions have been descrihed in the amino acid sequence 

of the gonadotropic hormones. The two constant or high1y homo1ogous 

regions have been considered responsible for the subunit - subunit inter­

actions, which in turn confers the structural specificity required for 

the interaction of the alpha subunit with the receptor. The adjacent 

variabre or heterologus. regions could he responsible for the differences 

in the hormone specifie conformation of the constant regions and sa 

de termine recep,tor binding specificity. When the beta subunits of various 
~ 1\-

species of LR (human, bovine, ovine and porcine) were compared, an 

increased amount of conservation of sequence was found in the second 

variable region (V2) (Fig. 2). It was observed that nine out of a 

possible twelve variable positions became conserved (27) •. Thus the V2 

region of the different LH beta subunit sequences i5 likely a region 

respansible f~r determining the specificity of the hormone's interaction 

with the receptor. Another hypothesis, th~ de terminant loop hypothesis, 

suggests that receptor specificity is determined by the nature and charge, 

of the amino acid residues in an octapeptide determinant loop formed by 

a disu1fide bond between cystine #93 and #100 of the beta subunit of 

ovine La (28). This loop has been seen in the beta subunit of bovine LR 
, 

and TSH and in human chorionic gonadotropin. Further investigation will 

be needed ta resolve the question of which sites in the gonadotropic 

ho;:mones are necessary for' ,determining ,-receptor specifici ty. 
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1.6 Carbohydrate Moieties 

The gonadotropic hormones contain various amounts of carbohydrate 

covalent1y attached to the polypeptide chains. The amount of carbohydrate 

moieties varies from a low of 16% in bovine LB to a maximum of 45% in 

pregnant mare serum gonadotropin. The o1igosaccharide (caIbohydrate) 

portion of the gonadotropin hormones are made up of the following sugars: 

D-mannose, D-galactose, L-fucose, N-acetyl neuraminic acid (sialie aeid), 

N-acety1ated D-glucosamine and N-ace~ylated D-galactosamine. The exact 

structure of the oligosaccharide portion of the molecule is knawn for a 

few, but not aIl the gonadotropic hormones. As indicated in Figure 5, 

the number and arrangement of the ~arbohydrate moieties varies for each 

hormone. The alpha subunit of aIl gonadotropins con tains two N-linked 

oligosaccharide units attached to an asparagine residue. Depending on 

the rormone, the peta subunit contaiqs one or two oligosaccharide units 

bound to asparagine by ~~glycosidic linkage. H~ever, in the case of 

hCG there are six oligosaccharide units. Two of them are N-glycosidic 

linkages to asparagine residues and the rema:l.nder are O-glycosidic 

linkages to serine residues (14). The N-linked oligosaccharide moleties 
...... 

of the pituitary hormone LH differs from those of placental hCG by their 

composition (14), greater resistance of LH to glycosidases (29), and 

the presence of sulfate linked to the nonreducing termini in LH but not 

hCC (29, 30). It has béen proposed that the presence of sulfate is to 

compensate for the lower sialic acid content of LH. The sulfate is 

thought to protect the terminal hexosamine res1dues from chemical and 

enzymatic degradation (30). The functional raIe of the carbohydrate 

moieties has been assessed primarily by the effect of removal of var10us 

carbohydrate residues on hormonal functions (14). These studies have 

shown that the structure of the oligosaccharide chain f8 important in 

,determining the circuxating half-life (31, 32), solubil1ty in aqueous 

solutions (33, 34), and\biological responses (35-39) to the gonadotropins. 

There 1s no doubt that the carbohydrate moiety plays an important part 

in gonadotropic hormone activity and further assessment of the function 

of the carbohydrate moiet~es will lead to a greater understanding of the 

mode of action of the gonadotropins. 
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FIG. 5 

Proposed arrangement of the monosaccharide units in the carbohydrate 

moiety of the glycoprotein hormones. Although not every glycopeptide 

in. the a and S subunits of the different hormones has been extensively 

studied, it is believed 'that the basic structural unit is the same. 

This cannot explain th~ difference in the carbohydrate content between 

hormones such as LH and FSH fram within the same species (14)_ 
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1.7 Receptors 

Cellular recognition is a process by which cells interact with and 

respond to roolecular signaIs in their environment. The ability of target 

cells to receive and translate signaIs ie dependent on the existence of 

specifie binding sites known as receptors. The Ureceptor concept" was 
• 

introduced by Langely (40), at about the same time tb,at Starling (2) 

introduced the term hormone, ta explain the action of nicotine and curare 

on skeletal muscle. Langely defined receptors as "substances which are 

acted upon by chemical bodies and in certain cases by nervous stimuli." 

The term reeeptor was coined by Ehrlich as the hypothetical specifie 

chemical groupings of. protoplasm upon which ehemotherapeutic drugs were 
o 

assumed to aet (41). The next significant contribution was the formula-

tion of "the' o ecu pancy theo~ by Clark and Gaddum (42, 43). This theèry 

stat,ed that the intensity of the pharmacological effects is directly 

proportional to the number of receptors ~ccupied by the drug. Therefore 

the effect of the dr~ increases proportionally to the number of occupied . 
receptors and becomes maximal: wh en aIl the receptors are occupied. This 

was an important co~cept is establishing the receptor theory on a roore 
, 

firm quantitative basis and stimulated further experimental testing and 

refinements • 

Much of our early knowledge of receptors was based on pharmacological 
• 

studies into the selective actipn of drugs because purified hormones were 

not available. Even with the isolat~on of the pituitary gonadotropic 

hormones'in high yield and quality (44-46), little progress was made in 

the characterization of the,gonadotropin ~eceptors. The discovery of a 
• 

gentle labeling proced~re for peptide hormones which did not destroy ',le' 

the hormone's biological activity (47, 48) and the development of the 

radioimmunoassay technique (49, 50) provided a means for the direct 

biochemical characterization of receptors. The applicati~n of these 

techniques has en~bled investigato~~"o make great str~des in the isola­

tion and purification of receptors and iLed to a better understanding of 

the mechanism of receptor regulation. 
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1.8 Receptor Function 

The receptor serves two main functions. The first is to recognize 

and distinguish a particul.ar signal, for exa1llPle LH, from the mixture ' , . 
of hormones and other molecules in the circulation which impinge on t.he 

target ce11. Subsequent to binding, the second ftnletion of the receptor 

i8 to transfer the signal in such a way that it leads to the approp'riate . 
physiological response. A number of criteria have'been established to 

define hormone receptors (51). These criteria are listed below. ' 

Il The binding sites only interact with a specifie ho'rmone or 

class of hormones. Substances, such as œ, which have no effect on a 

particul.ar cell (ex: the Sertoli cell) will not bind to its receptot's 

(ex: the FSH receptor) or competitive1y disp1ace the native hormone 

(ex: FSH) from its receptor at normal physio1ogica1 concentrations. 

Significant numbers of binding sites are on1y found in tissues 'which 
, 

respond to the hormonal signal (52). These tissues are ref~rrep to as 

target tissues. 

2} The binding sites have~a high affinity for their respective 
.' 

hQ<I1JlOnes • The blood level s 0 f many hormones are normally very low, 
-11 -9 . ' ... ' 

usually 10 - 10 M for the gonadotropins, so the receptor must have . . 
a si.m.ilar affinity in order to detect these subs tances (53) •• 

3) Presence of' a finite number of binding sites. The ,biolog:i,cal 

res-ponse (ex: testosterbne production) to a hormone (ex: LH) il:! a 
<. , 

saturable phenomenon (53, 54). Therefore if the formation o,f hormone 

receptor complexes is obligatory for the production of a bi910gical 
, .... ' 

response, th en the number of re'ceptors should be limited. This.cao be 

demonstrated by saturating the receptor with its respective. hormone (53). 

4) Interaction of the hormone. witn its binding s:i.te- should be 

rapid and is usually reversib1e. This is assessed by ana1yzing the 

kinetics of association and dissociation of a radiôlabeled hormone wi th 

its receptor (53). 

The gonadotropin binding sites in the testis and ovary satisfy the 

abO'Ve criteria to be classified as receptors. There are a fini te nu:d>er 

of binding sites and binding is specifie, reaching equilibrium within 
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1-2 hours, and reversible. Gonadotropin receptors have been studied in 

a variety of species, and although species related differences exist, 

they share many b1nding characteristics (53). Cellular receptors can· 

be subdivided broadly into two main types - 1ntracellular receptors and 

membrane bound (extracellular) receptors, ,both of which are discussed 

in the next section. 

1.9 Intracell~ar Re~ePtors 

Intracellular receptors are located in the soluble intracellular 

compartment of the eell, ie. both in the eytoplasm and the nucleus. 

Steroid hormones and amine acid de ri vatives (ex: thyroid hormones). enter 

target, as weIl as nontarget tissues, most likely by the process of 

passive diffusion (55, 56). The mechanism of action of proges'terone in 

the ehick oviduct is illustrated in Figure 6. Once 1nside the cell! .t.be 
,\~,-

l hormone is rapidly bound by its cytoplasmie receptor. Formation 0(' the 

hormone receptor complex leads to a temperature dependent activation of 

the complex. If the complex i8 n_ot_~ctivated or transformed, it will 

not be capable of binding to the nuclear receptor in the nuclear chomatin. 

Inside the nuele~us, interaction of the aetivatep ho"rmone receptor complex 

with specifie nuc1ear aeceptor sites allows the hormone to directly 

modify t ranscript;ion and regulate the levels of specifie messenger RNA' s 

(mRNA 's). The new mRNA' sare released into the cytoplasm where the y 

regulate new prot~in synthe~is (55, 56). l t is the newly synthesized .. 
proteins whieh exert the physiologieal hormone 's actions leading to 

altered ein function. Thus glucocort1ctdds and progesterone alter cell: 

funetion through the synthesis of new eell products - aminotransferases 

and avidin respectively (56. 57) . 
() 

1.10 Cell Membrane ReCe}?tor8 

Polype pti de hormones, free fat ty acids, pros taglandins "and , 

ca teeholanlines. unl1ke steroid hormones. cannot penetr4te the cell plasma 
o 

membrane. Instead they bind to specifie si tes (receptors) located on 

the plasma membrane of ~he target cella For most polyp~tide hormones 

." 
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CELL MEMBRANE 

ACIDIC PROTE IN 

.(TRANSLATlON) RN 
~ m A 

Iir ...... ~ -et-~ -e-~ _oQ-~ -c::tft'~' RIBOSOMES 

~ ~} "VIDIN 

FIG. 6 

~ . 
Gene~al model of stero~d hormoné aC~aQ, showing binding of hormone 

[in this case progesterone (P)] to eytopl~mie reeeptor (R ), trans-
e 

location (arrow), and ind~etion of gene tranacription by nuelear 

receptor (~) ta produee messenger RNA (mRNA), whieh i5 trana1ated 

on cytoplasmic ribosomes to synthesize new protefn [in this case 

-avidln, a protein whose synthesls 15 induced by progesterone ln the 
" chick oviduet (56)J. 
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, 
(ex: gonadotropins): formation ot' the hormone-receptor comp1ex results 

in the activation of a JIlemrane bound enzyme, adeny1ate cyclase. Adeny1ate 

cyclase ~atalyzes th~ conversion of adenosine 5' -triphosphate (ATP) to 

adenosine 3'-5' cyclic monophosphate (cyclic AMP). Cyclic AMP acts as 

a second messenger for the hormone's action (primary message). The 

cata1ytic component of cycl~c AMP binds to the regu1atory subunit of the 

enzyme protein kinase. The cyclic AMP regu1atory subunit dissociates 

1eaving activated ~ata1ytic subunits of the enzyme. These protein kinases 

phosphory1ate specifie serine and threonine residues of specifie proteins 

w1thin the cel1 to produce a hormone induced response characteristic of 

that cell (58) (Fig. 7). For other hormones, such as insulin and 

prolactin, cyc1ic AMP 1s not involved and the y a~e presumed to work through 

the action of an as yet ~identified'second messenger. Preliminary work 

suggests this factor is a low molecu1ar weight peptide (approximate1y 

2000 daltons) which works through dephosphorylation' of regulatory enzymes 

élnd nuc1ear proteins (59-61). 

1.11 Gonadotropin Receptors 

The idea that the testes are the primary site of biologicsl aétion 

for the gonadotrppic, hormones in the male was suggested by the ability 

of purified gonadotropin prepara~ions t-G- caus,e morphologi cal changes o~ 

to increase hormone secretion of testicular ce1ls (62, 63). A direct ~ 
interaction be~een the gonadotropins and testicular cells was demonstrated 

, 
using fluorescent and histochemicsl techniques. This group of investigators 

were able té> show that 1abeled ovine LH and 'Ovine FSH were preferentially 

localized in the Leydig cells ~nd Sertoli cells respectively of the rat 

testes (64, 65). These in vivo studies on the cellular distribution of 

the gonadotropin binding sites in the male gonad ~ere subsequent1y 

confirmed by a variety of techniques such as radioautography and binding . 
, -

studies (66-70). The presence of specific,testicular FSH (71-76) and 

LH (75-80) receptors have now been deseribed in a wide variety of 

'labbratory and domestic animal species. Spermatocytes, like Sertoli 

cells, have also been found to contain FSH receptors (69). In the 

j 

~ 
.' 
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A scheme of the mechanisms of hormone'actions in ce11~ (58): 
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female, LH receptors have been demonstrated on ovarian th~cal cells, 

oVarian interstitial cells, granulosa cells of large [ollicles and the 

corpus luteum. Receptors for FSH are localized on granulosa cells of 

small follicles (81). The LH receptor does not distinguish a difference 

in the gonadotropic hormones LH and hCC. Both gonadotropins are bound­

ta the same site in testicular (82) and ovarian (83) tissue with 

essentially identical binding affinities. This is consistent with their 

similar molecular structures and biological effects (9). As stated 

earlier, the gonadotropin receptors fuIfill the criteria of functional 

receptors. Conadotropin binding capacity changes with increasing age 

and physiological state of the animal. 

Detailed characterization studies of the gonadotropin recep~or have 

been hampered by the small quantities of starting mate rial available for 

investigation~ low yields and poor stability of the isolated receptor 

fractions. Early etudies on the testes and ovary suggested that the 

molecular .weight (MW) of the detergent solubilized gonadotropin receptor 

was approximat~ly 200,000 dal,ons (84-86). Over the years a greater 

amount of progres5 has been made on·the elucidation of thé structure of 

the LH(hCG) receptor than the FSH receptor. The rat testicular LH 

receptor (87-89) i5 thought to be composed of a dimer of two stibun~ts 

of identical molecular weight (79,000-90,000 daltons). Similarly in rat 

ovarian extracts, a 90,000 dalton stibunit of the LH receptor has been 

detected after purification by·~ffinity chromatography (90). The presence 

of three hormone (hCC) binding components in porcine ovarian tissue 

suggests a greater complexity to the stibunit nature of the LH(hCG) 

receptor (91). The differences in the reported stibunit Icomposition and 

molecular weight of the LH(hCG) receptor could be ~ reflection of a . ~ 

species or sex difference, differences in soltibilization techniques, 

receptor isolation techniques, or methods of radiolabeling the hormone­

receptor complexes. The possibility that these binding components were 

generated due to proteolytic enzyme cleavage can not be excluded. 

Recently, the availability of a large and constant source of e~raçts 
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, 
of bovine corpus 1uteal tissue has enabled Dattatreyamurty et al. to 

publish the most extensive study on the structure of the LH(hCG) receptor 

to date (92). The extracts were initially separated by a discontinuous 

sucrose density gradient ultracentifugation. Fractions were then 

solUbilized in detergent (Triton X-lOO) and purified on a series of gel 

chromatography columns. The final (active) hormone binding fraction 

was reso1ved by zone electrophoresis on a cellulose column as a single 

band of 5.9 million daltons.~ Pretreatment of this material with SDS 

and a disulfide reducing agent (mercaptoethanol or dithiothreitol) 

separatea it into varioUB fragments. The authors suggest that the bovine 

LH/hCG receptor exists as a 5.9 million dalton comp1ex composed of an 

aggregate of a 280,000 dalton species. Each 280,000 dalton species i8 

thought to be made up of two identical 120,000-140,000 dalton units, 

each of which contains two functional sùbunits of 85,000 and 35,000 

daltons linked by disu1fide bonds. This model accounts for the fractions 

isolated in their study and those of previous investigators (87-91). 

~no acid and carbohydrate analysis (Table 2) of the 5.9 million dalton 

species indicat~d that· it is a glycopro~ein containing approximate1y 

10% carbohydrate and rich in the amine acids glutandc acid and aspartic 

acid. The low cysteine content of the LH(hCG) receptor wou1d seem to 

indicate that bovine LB, which con tains a greatei amount of cysteine 

(Fig. 1 and 3), is not a contaminant of the receptor preparation. The -
glycoprotein nature of the gonadotropin receptor had been suggested by 

earlier studies demonstrating an alteration in hornone binding ability 

after chemica1 and/or enzymatic modification of the gonadotropin 

receptors. For example, treatment with proteo1ytic enzymes and neuramin­

idase, which affect the protein and carbohydrate portion of the 

gonadotropin receptor respectively, led to a c~ange in hormone binding 

ability (92, 93). In addition, phospholipids, such as phosphatidy1serine 

and phosphatidylethanolaminé, and gangliosides are thought to be 

important directly as components of the gonadotropin receptor or 

indirectly by preserving the conformationa1 structure of the receptor 

(93-95) . 
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TABLE 2 

AMINO ACID AND CARBOHYDRATE ANALYSES OF THE BOVINE CORPUS LUTEUM LH/hCG' 

a 

b 

RECEPTOR (GRAMS/100 G OF PROTEIN) 

Ami no a cid 

~partic acid 

Threonine 

Serine 

Glutamic acid 

Pro1ine 

Glycine 

Alanine 

Valine 

Cysteine 

Cysteic aeid 

Methionine 

Iso1euc:1.ne 

Leucine 

Tyrosine 

Phenylalanine 

Lysine 
.. 

Histamine 

Arginine 

Carb ohydra te 

Fucose 

Mannose 

Galactose 

N-Acety1g1ucosamine 

N~Acety1ga1actosamine 

Sialie acid 

ND, not detectable 

Zone electrophoresis 
purifiëd LH-hCG receptor 

9.1 

5.3 

5.8 

12.1 

5.2 

4.5 

4.8 

8.3 

2.4b 

2.3 

4.4 

8.7 

4.9 

5.0 

7.0 

2.8 

7.4 

NDa 

1.1 

1.6 

3.::j-

2.6 

1.9 

Determined on a separate a1iquot after performic acid oxid~tion. 

" 
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1.12 SolUble Receptors 

Various investigators have reported the presence. of gon~troPin 
binding components in the supernatant fraction of loW ionic strength 

huifer extracts of gonadal tissues (96-98). These soluble fractions or 
125 receptors specifically bound l-radiolabeled gonadotropins and shared 

many of the physicochemical properties of particulate and detergent 

solubilized receptors (99, 100). Soluble receptors have also been 

reported for insulin (101), growth hormone (102), and thyroid stimulating 

hormone (103). Soluhilization in the absence of detergent has several 

advantages. Many detergents disrupt protein conformation and possibly 

hormone binding (104). Detergents can form a complex with the labeled 

hormone which can be mistaken as a hormone receptor complex (105). The 

drawback ta nondetergent solwbilization is the low yield (98) of mate rial 
r 

(5-10%) and,~he presence of proteolytic enzymes in the soluble fraction 

(92). In the luteinized rat ovary, five molecular cODponents (12,000-

160,000 daltons) of the LH(hCG) receptor were resolved after water 

extraction (98). Unlike previous reports of only a 90,000 dalton 

component of the LH(hCG) ovarian receptor after detergent solubilization 

(85, 90), these investigators detected aIl five forms in ovarian tissue 

extracted either by water or detergent (98). Both the water and detergent 

solubilized components were bound to concanavalin A sepharose and elûted 

as four weIl defined peaks of activity (99). This suggested that the 

LH(hCG) receptor is a glycoprotein, with a marked degree of micro­

heterogeneity. The distribution of binding activity per individual peak 

was different probably due to ca'rbohydrate differences. For example in 

fraction two and five the 12,000 MW receptor species had the greatest 

binding,activity, while the 81,000 MW receptor species had the highest 

binding activity in fractions three and four. This study proposed that 

the rat ovarian LH(hCG) receptor exists as a polymer of the 12,000-Bl,000 

molecular weight species. The soluble receptor could he derived from 

the cytoplasm, a part of or attached to the ce~l membrane and released 

upon homogenization, produ~ts of synthesis, or products of degradation. 

Two water soluble components of different sizes were released by the rat 
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testes (52,000 and 24,000 daltons) and rat ovary (46,000 and 24,000 

daltons). The release of these components could be irihibited with thiol­

group blocking agents and EDTA !(106). Therefore it's possible that 

these components were generated by proteolysis of the native receptor as 

has been suggested for other receptor systems (107-109). If true, 

proteolysis may play an important role in the regulation of receptor 

funetion. Further investigation is needed to clarify the structure and 

biological relevanee of the solubilized gonadotropin receptor and prove 

it is not an artifact of tissue preparation or proteolysis. 

1.13 Intracellular Receptors .. ' 
Subcellular fractionation of bovine corpora lutea and analysis of 

125 fractions for binding with radiolabeled I-hCG revealed the presence 

oI intracellular pinding sites for hCG (110). The specifie binding of 
125 I-hCG to the plasma membranes, rough endoplasmie reticulum, and Golgi 

apparatus indicated a single population of gonadotropin bind~ng sites. 

Nuclear membranes and lysosomes appeared to contain two populations of 

independent binding sites. The highest concentration of LH(hCG) receptors 

was found in the plasma membrane (135 fmol/mg protein) and heavy region 

of the Golgi apparatus (164 fmol/mg protein). The various subeellular 

organelle LH(hCG) glYCOpr~~tein receptors wer~ of the same size (200,000 

daltons) and shared m@ny I-h binding characteristics such as pH 

optimum, and binding affinity. his would seem to indicate that the same 

LH(hCG) receptor ~s present in tbese subcellular organelles. The slight 
.i' 

differences in their binding properties is probably a consequence of the 

local environment imposed by the surrounding membrane macromolecules 

and/or alteration of the binding site during organelle processing. The 

validity of these intracellu1ar gonadotropin pinding sites was verified 

." by measuring various marker enzyme acti vi t,tes to ensure there was no 

plasma membrane contamination or cross-contamination amang the different 

~ . organelles. A similar intracellular distribution of LH(hCGl receptors 

has been found in the human" (111) and rat ovary (112). Intracellu1ar 

receptors have also been reported for other hormones s~ch as insulin 

(113, 114), growth hormone (114), and insulin-l1ke growth factor (115).. 
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The function of these intracellular receptor sites is unknown but 

they may play a ro1e in the biosynthesis and sUbsequent transport of . . 
receptors to the cel1 surface, degradation of receptors, recyc1intof 

receptors from the ce1l surface to intracel1ular sites and vice versa, 

or to recognize hormones at these sites (111, 116). 

1.14 Mechanism of Action of Gonadotropins 

As mentioned preYious1y, the primary event in the action of the 

gonadotropic hormones is to interact with specifie target cell surface 

receptors. This interaction results in the activation of the gonadal 

membrane bound enzyme adenylate cyclase and inhibition of the cytosolic 

enzyme phosphodiesterase. These two enzyme responses lead to the 

generation and maintenance o~ high intracellular cyclic AM~ levels 

(117-120). Acting as a second messenger, cyclic AMP activates specific 

enzyme systems to produce the charact~ristic biologica! target cell 

response (Fig. 8). The hormone-sensitive adenylate cyc1ase complex is 

composed of at least three components - a hormone receptor (R), a 

catalytic sublll1it (Cl), and a regulatory protein {N} capable of binding 

GTP or its analogues (121). Although both the receptor and the enzyme, 

adenylate cyclas~are located in the plasma membrane, they are two 

separate and distinct entities. This has been shawn by their separate 

elution on gel chromatography (122, 123), the abi1ity to transfer 

receptor5 to a cell lacking that particu1ar receptor by cell fusion to 

generate a flll1ctionally active receptor-cyclase system (123, 124) and 

desensitization (rat ovary) which caused a reduction of receptor activity 

independently of any affect on adeny1ate cyclase activity (122). The 

regulatory component has also been purified by gel chromatography as a 

separate entity composed of two subunits of 42,000-52,000 daltons and 

35,OOO,daltons (121, 125). The regulatory protein links the hormone­

receptor interaction to activation of adenylate c~clase. Guanine 

nucleotides function as regulators of the receptor-coupled adenylate 

.èyclase system. It i5 proposed (Fig. 9A) that the main function of the 

hormone receptor complex 15 to promote thè exchange of guanine 
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LUTROPIN 

PHOSPHOPROTE/N (5) 

RESPONSE 
(ST~ROIDOGENES/S) 

FIG. 8 

. 
• 

Action of LH on the Leydig cel1 (14). The hO,nuone 18 depicted as having 

three binding sites (two in a and one in-B) in its interaction with the 

receptor. The increased size of the arrOW8 signifies amplification of 

the initial hormone si'gna1 at each s tep. A simi1ar mechanism of, ac tion 

has been proposed for FSH. 
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FIG. 9 

Proposed mechanisms for activation of adeny1ate cyc1ase (128). 

A. Seria1 mode1. Active state of en~yme dependent on guanosine 

triphosphate bound form of G unit which associa tes with 

cata1ytic unit (C). HO~~ binding to receptor functio~s 
mere1y to faci1itate ~ange of guaninine nuc1eotide on G unit. 

B. Equi1ibrium mode1. A11 forms of enzyme are in equi1ibrium 

(equi1ibrium constants not necessa~i1y unit y). Hormone influences 

conversion of inactive enzyme to active enzyme whether guanine 

nuc1eotide bound or not. The bound form nevertheless is 

postu1ated to be mot~ activé than the fo~~omp1exed with 

guanine nuc1eotide. 
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triphosphate (GTP) for guanine diphosphatè (GDP) on the regulatory 

protein. Binding of GTP leads to activation of the catalytic unit, 

whereas hydrolysis of CTP terminates activation of the enzyme complex 
t , 

(126). An alternative mechanism has been proposed for hormqnal r~gula-

tion of' adenylate cyelase. This model by Abramowi~z et al. (Fi~. 9B) 

maintains that the enzyme exists i~ two conformations~ active and 

inactive, and that the equilibrium be~~een the conformations is 

infl uenced by the hormone. Therefore the hormone can influence the 

equilibrium of the enzyme from an inactive to an active state independ-
q 

èntly of the binding of an activated guanine nucleotide (127, 128). 

Resolution of the correct model will depend on whether there is a natural 

endogenous hormone independent rate of conversion of i~active adenylate 

cyclase to an active state bearing no bound effective g~ne ,nucleotide. 

Generation of cyclic AMP leads to the stimulation of speci!ic 

protein kinases in the Leydig cell (129) and Sertoli cell (117). These 

cyclie AMP dependent protein kinases phosphorylate proteins whose 

specifie funct~on and location i8 still unk~oWn (130, 131). The phospho-

rylated enzymes or structural proteins presumably alter the function of 
• 

the cell in s~h a way as to generate the cha~~eristic biologieal 

response of the target çell to the hormone (132):.\ • _ 

1.15 Biological Actions of the Gonadotropins 

The biological function of the pituitary gonadotropins i8 to 

stim~ration and function of the testes and ovary and to 

regulate gonadal gametogenesi~ and sterotdogenesis (9). In the testes, 

the gonadotropins LB and FSH exert part''-of this control through specifie 

compounds seereted, under appropriate conditions,'from the Leydig cell 

and Sertoli cell respeetively (9, 130). Figure 10 illustrates the site 

of production of the steroidal sex pormones-testosterone (133) and 

estradiol (134, l35),'inhibin (136), and specifie proteins snch as 

androgen binding protein (117), and pl~minogen activator (1371 from the 

two testicular cells. These hormones modulate the action of the 

gonadotropie hormones through direct interactions ,upon the t~stieular 
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FIG. 10 

.. 

Schematic view of the interrelationships between the pituitary-and 

the tes ticular Leydig and Sertoli cells involved in the regula,tion 

of test1cular steroidogenes1~ and spermatogenes1s. 
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cells and by feedback mechanisms, both positive and negative, that 

regulate the hypothalamic~pituitary secretion of the gonadotropins (9). 

The paucity of data on the regulation of test!cular FSH receptors 

precluded a detailed description of its regulati~. Therefore the 

following section concerning gonadotropin receptor regulation will deal 

primarlly with the LH(hCG) receptor and where possible, examples will 
',1 

be gi ven on the FSH receptor. 

1.16 Disparity Between Hormone Binding and Generation of the Biologieal 

Response 
~ 

In the Leydig cell (138), the full steroidogenic response occurs 

with only partial receptor occupancy, ie. 170 of the total receptor 

population. The presence of an additional number of receptors or spare 
J 

receptors in excess of those required for the generatipn of the maximal 

biological response has also been reported for several other systems. 

For example the effect of FSH on the seminiferous tubules (132), insulin 

on fat cells (139), and adrenocorticotropic hormone (ACTH) on the adrenal 

cells (140). The presence of these spare receptors could serve as a 

mechanism to enhance the probability of a hormone-receptor interaction, 

thereby increasing the sensitivity of the target cell to low hormone 

levels (138). Alternatively the receptor site may be thought of as a 

quantal unit so that a cell would respond,in a maximal aIl or none 
,. 

fashion if the number of sites fi1led exceeded a gi ven threshold (141). 

An excess of receptors could."f)Jnction as a reserve of sites. This would 

permit the replacement of damage~ or 10st receptors without significantly 

changing the concentration of receptors at the cell surface and 50 

ensure a ce11 ular response (138). 

1.17 Regulation of Gonadotropin Receptors 
~ 

Administration of a single dose of LH or hCG to male rats resulted 

in an a1teration of the number of {H(hC~) receptors of the Leydig ce1ls. 

Initially a rapid upregulation of receptors was observed. That is there 

was an increase in LH(hCG) binding capacity with no change in the 0 
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equilibrium association constant (Ka). A maximum increase in binding 

was seen approximately one hour after injection of ovine La (142) and 

'Wh1fin six hours after ;injection o~ hCG Cl431. However, a loss, not 

an increase, in receptor levels ia seen if too large a dose of normone 

(ex: 1,000 LU. hCG) is administered (143). It is possible that any 

increase of receptor numbers is lIlasked by the rapid, pronounced decrease 

\ 

of receptors. Treatment with cytochalasin B, an inhibitor o'f microfi1~t 

function, abolished the ability of LH to increase its own receptor levels. 

Cyclohexamide, a protein 

tupule inhibitor, had no 

increased LH/hCG binding 

synth~sis inhibitor, and colchicine, a micro-

effect. These results suggested that the 

capacity was due to the r~ar'rangement of 

previously sequestered or masked receptor sites alid ie dependent on an 

intact microfilament (142, 143). Upregulation of binding sites ia 
, ' 

observed in a variety of tissues such as the ovary (144, 145) and liver 
, , 

Cl46) . The increase in receptor nt.m:i>ers was followed by a progressi va' 

decline or downregula~io~ of the LH/h~GJreceptors which was maximal by 

24-48 h (143, 147, 148). It has been reported that desensitlzation of, 

the rat ovary is accompaniéd by a major re,duction of two Qf the ~ive 

receptor species of the Lli(hCG) receptor ,(99) . Whether downregulati~n 

of the testicular. LH(hCG) receptor invol~s aIl or' pnly some of its 

molecu~ar co~onents remains to be assessed. Restoration of receptor 

levels was a slow process, commencing on day '2 or 3 and complete by 

~ 

day 6-10 (143. 147, 148). The reduction in the number of LH/hCG binding 

sites is not compl,et,ely due to receptor occupancy, since the loss of 

receptors was in excess of the level of occupany caused by the administered 

hormone (147). Indeed binding could be detected when plasma hCG levels 

were extremely high and was undetectable when plasma levels wer~ very 

l~ and receptor levels were falling (149, 150). The reduction in 

receptor numbers from'tha surface of the cell is thou~t to be due to 
, 

internalizaUon of the hormone receptor complex and adjacent 1.Uloccupi~d 

receptor sites (150~15?1 or shedding of receptors from the cell surface 

tpto the surrouqding fluid (106, l54}. Recove.+r of the Lli(hCG} recepto~s 

is dependent on the dose ~f hormone administered. The greater the 

hormone concentration, ,the greater the 10s8 of receptors (143, 147). 

l' 



\",' -, .. 

1 
1 
1 
1 
1 
1 
1 
1 , ,f 

t 
1 

\ 

,. 

1 

31 

Cyc10heximide prevented this 10ss indicating a dependence on protein 

synthesi~.(143). New protein synthesis wou1d a1so explain the necessity 

to wait at 1east six days to completely restore receptor levels (149). 

A hormonal dependen~y was indicated by the ability of PMSG, FSH, growth 

hormone and prolactin to prevent, and testosterone and estrogens to 

enhance the hCG/LH induced loss of receptor levels (155-158). Down­

regulation, wh1ch 1s important in a number of ce11 systems, is thought 

to be a mechanism for prevènting overstimulation of the target ce11 

<159-162) • 

1.18 Desensltization of the Bio1ogieal Response to Gonadotropins 

An acute dose of hCG or LH not only resu1ts in an a1teration of 

LH(hCG) receptor levels f hut can induce a change in the biologica1 

response of the testis and ovary (147, 163, 164). During the Ume of 

increased receptor occ~pancy in the Leydig ce11, LH(hCG) caused an 

increase in the secretion of testosterone for 1-2 h fol1owed by a 

period of dec1ining cyclic AMP and testosterone production, in spi te of 

increased hormone 1eve1s (142, 147, 149). The decline in cyclic AMP 

levels ls due to a decrease in adeny1ate cyc1ase activity which precedes 

the 10ss of LH/hCG receptors and lags behind the reappearance of LH/fiCG 

receptors (142, 165). This period of de$ensitization or 10ss of 

responsiveness of the Leydig cell to gonadotropic stimulation continues 

for about three days before a return of responsiveness occurs. The 

development of desensitization do es not seem to c~rre1ate w1th the loss 

of receptors because cyc10heximide which prevents the lOBS of receptors 

does not prevent desensitization of the Leydig cel1 t~ hCG (166) ,and 

the Leydig cells can recover from desensitization after three days while 

receptor lèvels ~e still low (147). AlthDUgh a defect in the 

gonadotropic hormone-receptor-adenylate cyclase coupling system (165, 

167, 168) must play some rolè in desensitization, the inability of . 
dibutyryl cyclic AMP to overcome the steroidogenic 1es10n indicates an 

additional (post-receptor) 1esion (150, 16~. Recent studies have 

demonst~ated an early, estrogen indepen~, steroidogenic lesion of the 

---( 
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biosynthetic enzyme 3-hydroxy-3-methylg1utaryl coenzyme A reductase 

(HMG-CoA), which is ~\the rate limiting enzyme for cholestertl1 biosynthesis 

069). A second, estrogen dependent, late steroidogenic 1esion exists 

at the enzymes l7a-hydroxylase and l7,20-desmolase, which are responsible 

for the conversion of progesterone to androgens (170). The decreased 

Leydig cell response has been attributed to the effects of several 
c 

hormones besides the gonadotropins. The hormones testosterone (171), 

the estrogens (172) and luteinizing hormone releasing hormone (158) are 

known to decrease hCG stimulat~ testosterone production. A direct 

inhibitory effect on the steroidogenic enzymes has been demonstrated 

for the estrogens (172) and luteinizing hormone releasing hormone (158). 

The mechanism by which gonadotropins cause and main tain desensitization 

is not yet fully resolved and probably is the result of the interplay 

of more than one hormone acting at various levels of the steroidogenic 

pathway. 

1.19. Receptor Dysfunction as a Cause of Disease Stpate 

A better understanding of the structure and function of the 

gonadotropin receptor should prove to be a great as~_t~Jgr' des:iprlng 

improved hormonal agonists and antagoni~~. -Measurements of human 

----------gonadal gonadotropin re~~J~gr-numoêrs and analysis of their structure 

from biopsy samples ~ill prov1de a useful tool for the early diagnosis 

of disease states. 'Early detection of alterations in receptor nun:ber~ 

as occur in certain disorders such as polyçystic ovarian disease (17 3)~, 
inferti~ity (174), and insulin resistant states (58) would allow quicker 

diagnosis and possibly more effective therapy. Recently, circulating 

inhibi tory factors have been detected in the serum of auto1Dmnme 

diseased patients with gonadal dysfunction .(l75~77). These factors, " 

which could represent anti-receptor antibodies, might contribute to 

gonadal dysfun,ction. Anti-receptor antibodies are not 1JIlique to the 

gonadotropin-receptor system. They have also been described for TSH ,(178), 
v ' J 

insulin (58) ,and acetylcholine '(179) t'eceptors. Although circulating anti-

receptor antibodies have been demonstrated in severa! disease state~ 
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(179-182), the reverse is not a1ways true (177, 178, 180). Undoubted1y, 

it would be clinica11y usefu1 in the human testes and ovary to be able 

to distinguish betwee'n fluctuations 1n receptor numbers, alterations of 

receptor structure and physical b10cking or masking of an otherwise 

functional receptor molecule in prescribing the best possible treatment 

of gonadal dysfunction. 

, 

\ 

/ 



1 
1 
1 
1 

CHAPTER 2' 

NONHUMAN PRIMATE GONADOTROPIN RECEPTORS 

2.1 Introduction 

Il The mechanism of action of the gQnadotropic hormones in laboratory 

1 
1 
1 
l 
l 
l 
L 

animaIs has been extensi.vely investigated by in vivo and in vitro 

methods. Consistent with the idea that the first step in the mechanism 

of action of peptide hormones is their èinding to the cell membrane, 

the presence of surface receptors for gonadotropins have be~n demon­

strated in ovarian and testicular tissue from many species (183, 184). 

Sever4l recent investigations have shown the presence of'specific 

binding sites (receptor(s» for hCG(LH) in monkey (185) and human testes 

(174, 185-188). These receptors have been shawn to be similar in ~ny ,. 
respects to the LH(hCC) receptor from animaIs (185). Data on the 

biochemicâ1 properties of the primate LH(hCC) receptor (174, 185) are 

meager, while reports on the presence of specifie FSH binding sites 
• 1 

'(receptors) in this mammalian order ar~ nonexistent. Much of our present 

knowledge of the testicular FSH receptor comes from studies carried out 

with the rat (52, 68, 93) and a few domestic species such as the bull 

(72, 86, 189, 190) and the pig (74). In marked contrast to the adult 

rat, the essential role of FSH in the spermatogenic proeess of the adult 

monkey has been recently demonstrated (191-193). Fundamenta1 to our 

understanding of the control of FSH action in man is the knowledge of 

the properties of the cellular receptors. Therefore we have initiated 

investigations aimed at the elucidation of the eharacteristies of primate 

gonadotropin receptors. Tpis ehapter presents data pertaining to the 

demonstration and preparation of higb affinity specifie binding sites 

for 'buman FSH and hCC in the following four different nonhuman primate' 

species - the rh~sus monkey (Maeaca mulatta, Mm), the pig tailed monkey 

(Macaea nemestrina,'Mn). the crab eating JbOnkey (Macaca faseieu1aris, Mf!), 

34 
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and the yellow baboon (Papio cynocepha1us, Pc). The biochemical properties 

of the primate testicular gOnadotJoPin receptors were investigated 

principa11y with the rhesus monkey, a model. which has been widel.y employed 

for research into human reproduction. The scarcity of tissue from the 

other species prec1uded a detailed study of their bio1ogica1 propert:l.es. 

Preliminary results of this study have been reported (194-196). 

2.2 Materia1s and Methods 

2.2.1 Hormones 

High1y purif1ed human FSH (hFSH) (197), ovine FSR (oFSR) (198) and ovine­

LH (oLH) (199) were prepare4 in this laboratory. hCG (CRl19) (iod1na-

tion grade) was supp1ied by the National Hormone and Pituitary Program, 

National Institutes of Hea1th, Bethesda, Maryland. 

was purified in this laboratory (200). 

2.2.2 Primate testes 

Human IJI(hLH} 

Testes from four different species of nonhuman primates (Macaca 

mu1atta, Macaca nemestrina, Macaca fascicul.aris, Papio cynocephalus) 

collected at surgery were frozen on dry iee with minimum de1ay <and shipped 

to us from the Regional Primate Research Center ~t the University of. 

Washington, Seattle, Washington. Frozen testes of adult rhesus monkeys 

removed at castration were a160 obtained from Embry Uni:versity, Atlanta,· 

Georgia. After arrivaI in the laboratory they were stored at -70C 

until use. The approxima te ages of the mankeys and identification were 

provided by the inst!tutions which sent us the samples. 

2.2.3 Other materia1s 

The fo1lowing enzymes or reagents obtained from different sources 

were used for the characterization of the .gonadotropin receptor fractions. 
\ 

Bovine pancreatic ribonuc1ease A (Sigma, St. Louis, Mo., 64K uni ts/mg) , 

bovine pancreatic trypsin (Sigma, St. Louis, Mo.), neuraminidase from 
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clostrldiwn perfringens (B6ehringer-Mannheim, Montrea1, Que., 0.6 units! 

mg), bovi.ne pancreatic deoxyribonuclease (Wort~ington, Freehold, N.J., 

1200 units!mg), phospholipase C (Calbiochem, San Diego, Ca., 1.5 units! 

mg), mercaptoethano1 (Eastman, Rochester, N.Y.) and lactoperoxidase 

(Sigma Chemical Co., Montreal, Que.). The protein assay kit was 

purchased from B~o-Rad (Richmond, Ca.). A1l other chemica1s were of 

reagent grade and used without furtper purification. 

2.2.4 Preparation of subcellular fractions from primate testes 

Testic1es from the four adult nonhuman primate species (Mm, Mn, 

Mfl, Pc) wer:e used in the preparation of the particulate LH and FSH 
~ 

receptors. The decapsulated testes were thawed under a stream of 

blowing cold air and all subsequent steps were performed at 4C (Fig. 11). 

The testes were minced wi th scissors, rinsed and suspended in ~5 DM 

Tris-HCl buffer, pH 7.2 containing 100 DM sucrose (5 ml per g of tissue). 

The addition/of a hypotonie solution of sucrose aids cellular disruption 

by causing cell lysis. One testis from each of the four species was 

homogenized by a hand held ground glass tissue grinder using 8 strokes 

up and down). The other tissues were individua11y homogenized mechanically 

using a Tekmar tissuemizer, set at low 'speed using 2-3 short pulses of 

10-15 seconds duration. The homogenate was filtered lihrough 4 layers 

of cheesecloth and the filtrate was centrifuged at low speed (600 x g) 

in a Beckman J2lB centrifuge to remove èellu1ar debris. As the amcHmt 

of debris eliminated was usually small in the first few experiments, 

this step was omi tted in the subsequent "studies without significantly 

affecting the results. The filtered homogenate (Hl) was then centrifuged 

at 40,000 x g for 1 h and the supernatant from this was further subjected 

to ultracentrifugation at 140,000 x g for 1 h. The resultant pellets 

des~gnated Pl and PZ respectively were resuspended by mechanical 

dispersion .using 8 strokes in a tight fitÜng glass Dounce homogenizer 

(1 g per 2 ml of 25 mM Tris-HCl buffer, pH 7.2 containing 10 DM MgC1
2
). 

These were stored in small aliquots at -70C. P~ior to assay, the 

fractions were thawed at room temperature and again gently h01llOgenized 

• 
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PRIMATE DECAPSULATED TESTES 

! 
CUT INTO SMALL P,IECES + RINSE WITH 

1 

25 mM TRIS-HCI BUFFER pH 1.2 CONTAINING 100 mM SUCROSE 

! 
MAKE UP VOLUME (5fml BUFFER/GRAM OF TISSUE) 

l 
HOMOGENIZE TISSUES 

l 
FI LTER THROUGH 4 LAYERS OF CHEESEClOTH rSCUM 

.. 

FILTTE HI 

CENTRIFUGATION 

40,000 X 9 'HOUR 

1 
J, 

SUPERNATANT 

51 

J, 
UlTRÂCENTRI FUGAT ION 

140,000 X 9 1 HOUR 

J: 1 

'" * SUPERNATANT PELLET 
52 P2 

FJta.cU.OH.6 Pl and -:2 JtuU.6peYLded by mec.haJuc.al c:U.t,plZJL6-i.on -i.n 

25 mM TILÜ.-HCl., pH 7.Z bu.66eIL c.on,t;a,in,i.ng la mM MgCi
z 

(1 mi bu66eJL/g1UUn 06 t.UlI~eJ. 

FIG. Il 

(l~,~ 

~ 
Scheme for the preparation of gonadotropin receptors. 
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in the assay buffer (as above with 1 mg/ml bovine serum a1bumin added) 

to obtain a uniform suspension (see belaw). 

For purposes of comparison with the primate reêeptor a FSH receptor 

preparation from adult bull testes (BTR) was prepared (201). A LH-FSH 

receptor preparation was also prepared by homogenizing adult CRCD rat 

testes (RTR) in 25 DM Tris-HCl buffer, pH 7.2 containing 10 DM sucrose 

(5 ml/g). The homogenate was centrifuged at 20,000 x g and washed 

and'resuspended in 25 mM Tris-HCl buffer, pH 7.2 with addition of 10 mM 

MgC1
2 

(2 ml/ g) • 

2.2.5 Protein estimation 

To assess protein content, 100 ~1 aliquots qf each subce11u1ar 

fraction was mixed with 100 III of 0.5 N NaOH and kept in a boiling water­

bath. After 30 min, 100 ~l of 0.5 N HCl was added and the protein 

content was determined using the Bio-Rad protein determination kit (Bio-
.. ~ ""1 

Rad, Richmond, Ca.) emp10ying bovine serum a1bumin as standard (20~). 

2.2.6 Io'dination of hormones 

The hormones hFSH, hCG, hLH, oLH, oFSH and hPRL were labe1ed wi th 
125 

l by the lactoperoxidase method (203) as previous1y described (201) 
. 125 

using carrier free Na- l (Amersham Inc.. Chicago, Ill.) •. To 5 ~g of 

the desired hormone to be iodinated (ex. 5 ~g/25 111 hFSH) , the follawing 

reagents were added. First 81.5 llg EDTA (163 llg/l:00 III water) ~as ' 
125 . ~~ 

added, followed by 10 III Na- l, and 10 llg lactoperoxidase (50 ~g/250 III 

10 mM potassium phosphate buffer, pH 7.4). The reaction was started by 

trie addition of 100 111 hydrogen peroxide (0.00028%) and stopped after 

a' 5 min incubation at room temperature by application of aIl but 10 ~l 

of the :eaction mixture (235 lll) on a Sephadex G-100 co1umn (0.7 cm x 

33 cm) previously equi1ib'rated with 10 DM potassium phosphate buffer, 

pH 7.4 containing 0.1% BSA and 0.27. sodium azide •. The 10 111 a1iquot 

was used in the determination of the specifie activity of the 1abeled 

hormone. Gel filtration at room temperature on Sephadex G-lOO resolved 

.. 
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the labeled hormone from the free Na_I25 l (Fig. 12). The radiolabel~d 
hormone eluted from the column in the same position as the unlabeled 

native hormone indicating the absence of any gross changes being induced 

in the hormone by the iodination procedure. As a further precaution 

against using damaged radiolabeled hormone, only the peak tubes of the 

labeled hormone (first peak) were preserved'in aliquots at -70C until 
'\ use. The radiolabeled hormone was generally used wi thin two weeks of 

preparation. The integrity of the labeled hormones were verified by 

electrophoresis, gel chromatography, radioreceptor assay, radioimmunoassay 

and specifie bioassays. 

The speeific aetivity of the 1abeled hormone, in triplieate, was 

assessed by precipitating the hormone in 2 ml aceton~ from'a known 

aliquot of the reaetion mixture (425 pg/20 lll). After standing at room 

temperature for 30 min, the tubes were spun in an IEC clinical centrifuge 

at 2900 x g for 5 min at 4C. The supernatant containing the free iodine 

was removed by suction and the pellet again washed with 2 ml acetone to 

remove any residual free Na-125I.'~recipitated radioactivity in 

the tUbes was assumed to represent only hormone bound radioactive iodine. 

The tubes were counted in an LKB raekgamma II counter 00% counting 
} 

efficiency) and the specifie activity, ie. the amount of radioactivity 

incorporated, calculated from the counts per minute (cpm)/known quantity 

of hormone. The specifie aetivities of the labeled hormone used in this 

study were in the range of 60-100 llCi per llg. 
!> 

2.2.7 125 Binding of I-labeled gonadotropins to testicular fractions 

125 ' 
Specifie binding of I-labeled hormones ta each of the primate 

testicular subcellular fractions were assessed. The assays wer~ 

per~ormed in triplicate~10 x 75 mm disposable polystyrene tubes". 

Unle~s otherwise in~cated each tube contained approximately 50,000 
125 cpm (400 pg) l-labeled hormone, 100-300 llg protein equi valent of 

the testicular îractions and 100 III of tne unlabeled hormone and/or 

assay buffer ta constitute a final volume of 250 III per tube. The lissay . 
buffer conslsted of 25 nM Tris-HCI buffer, pH 7.2 containing 0.1% bovine 
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FIG. 12 

125 
Reso1utiQn of I-1abeled hFSH from the free iodine peak by gel 

filtration on a Sephadex G-100 column (0.7 x 33 em, bed height = 
29 cm). Fractions (0.8 ml/tube) were eluted from the eolumn 

with 10 mM potassiun phosphate buffer, pH 7.4 containing 0.1% BSA 
125 

band 0.2% sodium azide. The specifie ac ti vi ty of I-labeled 

hFSH was 99 uCi/ug. Simi1ar separation patterns were obtained 

for the other labeled hor~nes. 
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serum a1b umin (BSA) and 1.0 uM MgC12). The ..tubes were vortexed and 

'incubated in a eontinuously shaking Dubnoff water bath tor 6-8 h at 34C. 

The reaction was terminated by the addition of 2 ml of chilled aasay 

buffer followed by cent ri fugation at 2,900 x g for 15 min at 4C in a 

table top IEC climeal centrifuge. The presence of MgCl2 tends to 

cause aggregation of the membrane partic1es allowing pelleting at low 

speed centrifugation. The supernatant was removed by aspiration tm.der . 

vacuum and the radioactivity in the pellet was determ:f..ned in an LKB . , 

rackgamma II cOWlter. Centrifugation under thes~ conditions was adequate 

to sediment.all of the hormne-receptor complex(es). In the initial 

studies, precipi tation. of the supernatant by' agents sucb as polyethylene 

glycol did not reveal any additional specifie binding. Hence this step 
0'" 

was not essential in other routine experiments. .;[n a,l.l cases, non-

specifie binding was determined in the presence of a 1000 fold exceès 

of respective unlabeled hormone. The- difference between the total 

. radioactivi. ty bound and nonspeeific binding was def;:Lned as the amount 

specifically bound and' expressed as a percentage" of the total COtmts 
. '" 

put into the tubes. AlI yariations in this procedure with respect ta 

handling, temperature, medium, and processing are in~eated at 

appropriate sections in the,~esults. 

2.2.8 Dissociation reaetlon 

-

The testicular receptor-hormone complex was first formed'''by incubating 

100 llg protein equivalent of the subcellu1ar Pl fract:l.ons wi th 0.4 ng 

of l25I_labeled hFSH (l25I-hFSH) in a total volume of 250 111 for 16 h 

at 25C with cont:lnuous shaking. The reaction waB terminated by the 

addi tion of 2 ml cold assay buffer, and the tubes çentrifuged at 

2900 x g for 15 min at 4C. The supematant eontaining the free hormone 
< 

was re1llO~d by suetion. The volume of each tube was reconstituted with 

" 250 III of the assay" buffer of desired pH and molarity in the presence 

or absence of unlabeled hFSH. The tu~ w~e then vortexed to ensure 

dispersion of the pellet and incubated further at the desired tempè!1."~ture 

(see results). At specifie intervals, samples wefe removed, diluted 
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. with 2 ml of assay. buffer at 4C and, centrifuged. IThe supernatant was 

removed ,~d radioactivity in the pellet was determined. 

2.2.9 Effects of pH, salt concentratioq and enzyme digestion on t;.he 

t'eceptor 

'l'esticular fraction Pl (125 ~g protein per tube) was preincubated 

at ..,37C in the presence of the agent to be tested. After 30 min, 2 ml 

of ice cold assay buffer was added to dilute the reagent whi1e terminating 

the, reaction at the same time. After centrifugation at 2900 x g for 

15 min at 4C, the supernatant was removed and the pellet containing the 

receptor was then resuspended in 250 ~l of the assay buffer cantaining 
125 about 0.4 ng I-hFSH in the presence or absence of 100 ng of unlabeled 

hFSH. The binding reaction was then initiated by placing the tubes 

in the shaking water bath at 37C. After 2 h, the reactibn was then 

terminated by the addition of 2 ml co1d aasay buffer and the tubes were 

proèessed as above. Speçific binding was calc';llated from .the radio­

activity? bound to the pellet in the presenc~ and absence of unlabeled 

hFSH. 
<\, 

2.2.10 Detection of soluble hormone binding (receptor) !ctivity 

Aliquots of supernatants derived from the l40,000.x g centrifugation 

of testicular tissues were incubated for 16 h at room temperature (25C) 
125 

with 50,000 cpm (400 pg) of I-l.abe1ed hormone in a final,voluine of 

250 ~1. In the case of l25 I _hPRL , incubations were for 2 hr at 34C. 

NonspecifiG, binding was assessed by addi'ng an excess of unlabeled hormone 

(500 fo1d). The assay buffer consisted of 25 rrM Tris-HCl buffer, pH 7.2 

containing 1 nM bacitracin! 0 .. 1% BSA and O.2i. MgC12 • Bacitracin,' an 

antibiotic polypeptide, was added to suppress any proteo1ytic e'nzyme , 
f e 

activity in these fractions. The reaction was stopped by adding 200 ~l 

of bovine gamna-globul:1n (5 mglml), which acts as a carrier, followed 

by 1.ml of a 15% polyethylene glycol solution (MW 6000). Bovine gamma 

globulin and polyethylene glycol (PEG) were prepared in 25 nM Tris-HCl 

\l 
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buffer, PI! 7.2 containing 154 DM NaCl. The tubes were vortexed, allowed 

to stand for 10-15 min at~4C to allow maximum precipitation and'then 

centrifuged at 4C for 10 ~n,at 2900 x g. The supernatant containing 

the unbound hormone was rerooved by suction and the pellets cotn'lted in 

an LKB rackgamma II counter. " 

2.2.11 Leydig cellbioassay 

Dispersed interstitial cells from testes of 180-200 gram rats were 

prepared by 'co11agenase digestion (199,204). Approxtmately 109~200,OOO 

cells per ml were incubated in Dulbecco 's modified Eagles medium 

containing 0.1% bovine serum albumin and 0.1% lima bean trypsin inhibitor 

for 2 h at 37C in the presence o.f 95% O2':'5% CO2 • The total volume of 

the incubation was 0.6 ml. The cel1s were inëubated wi th various doses 

of radiolabeled or ut:l1abeled LH or 'hCG,. After the incubation, the 

rèaction was stopped by adding 4 ml c,?ld aasay buffer and testosterone 

was measured by r~dioimmtn'loassay (199). 

2.2.12 Statistical analysis 
i> 

Data were analyzed fOl: significance by ~tu~nt' s ',t' test. 

Scatchard plots were done on a progra~b1e Bewlett-Packard desk top 

calculat::or. 
1' • 

2 • 3 aes u1 ts' . 

2.3.1 Distrjbutton of FSH binding siteS" 

. '125 
Thé distribution of protein and specific binding of J:-labe1,ed hFSH 

125 . ' , , 
( I-hFSH) in the different' subcel1ular fractions prepared fram adult rhesua. 

monkey t~stes (13 yr) was first investigated. .The amount of protein in 

th'e, homogen,ate (Hl) resu1ting from éither homogenization by hand or by, 

mechanical dispersion was approximately the same. The distribution in 

the pellet Pl and P2 were also siDlilar. Operationa11y mechanica~ 
" . 
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homogenization was easier and faster than manus1 glass homogenization 
, , 

and the fdrmer ~s routine1y used in more de~ai1ed chàracteriza~i9n of 
Il {lt , 

the rhesus monkey FSH receptor (195) and investigations of the other 
, J 

species of monkeys (see below). By either method of handling (Table 3) 

approximately 40% of the homogenate protein was re~overed in the 8'00:­

cellular fraction sedimentin~ at 40,000 x g (~esignated fraction Pl). 
1 

Centrifugation of the supernatant of this fraction at 140,000 x g for 

1 h cij.d no.t result in significant recovery of protein (approxilll.ately 2%) .. 

in the sma1l pellet fraction PZ. 
~-, 125 The specific biIi'1ling of I-labeled hFSH as assessed by incubation 

at 34C for 8 h (Fig. 13) was proportional to the amount of the testicular 

protein fraction. Birtding ta the homogenate (Hl) was low with maximum 

specific binding (8%) occurring in ,the presence of about 400 ~g protein. 

However, bind!ng to the 40,000 x g pellet Pl was about 2- to 3-fo1d 

greater than the hOIŒ?genate. Lit:tle or no FSH binding activi,ty was 

detectable in the smal1 amount of fraction P2. 
125 ' 

The specificity of b~nding of various . I-radiolabeled hormones 

(human and nonhuman) to testicular fractions derived ~rom the adult 

rhes'!JS monkey, b-ull and rat fs Hl us trate d .in Fig. 14. Binding 0 f 
125 ' ." , 

I·labe1ed hFSH and oFSH was observed with both rhesus monkey testis 

fractions, with the Pl f.raction showing greater binding. However, the , .' 

rhesus monkey receptor preparations bound very 1itt1e of labe1ed primate 
, 125 '. 125 125 

Ln ( I-labe1ed hCG or 'I-labeled hLH) or nonprimate ur ( I-labeled 
U5 oLH). Incubation of r"'labeled hCG with up to 900 ~g ,of frac~ion Pl 

did not result in more than 1% specifie. binding of the hormone. This 
125 ' 

should be. compared with 16-20% specifie binding of I-1abe1ed hFSH 

observed with 300-400 ~g of the Pl fraction. Our inability to detect 

LH recepto!s in ad?lt monkey tissue preparations 1s unlikely due to 

inacti vè radiolabeled LR. This is because these same radio1abe~ed 

hormones were bound by ur receptors in rat testicular tissue and we~e 

as potent as the native unlabe1ed hormone in stimulating testosterone 

preducti~n by rat Leydig ce1ls (Fig. 15). 

, . ~ 
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TABLE 3 , 

FRACTIONATION OF ADULT RHESUS MONKEY TESTES FOR GONADOTROPIN BINDING SITES' 

Yield of Protein % protein yield Subcellular .fractions ~mg of Erotein/s of ~issue? 

1 - II III* avg 

Homogenate (Hl) 29.6 38 ..... 2. . 37.8 35.2 100 
(after filtration) 

40,000 x g pellet (Pl) 10.9 19.3 14.4 14.9 43.8 

140,000 x'g pellet (p2) 0.5 0.7 . 0.5 0.6 1.8 

---------------~--------._---------------------------------~--------------

Testicular weight (g~** 20 23 22 22 

Data represent the distribution o~ protein obtained from three separate 
extractions of mature lJ..year-o+d rhe~us monkey testicles: Binding data 

-are shown in Figures 13 and 14. 

* Rand ho~genization; 

** Weight of testes after decapsulation. 

.. 
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f 

200 250 300 350 400 450 500 
pl PROTEIN 

FIG. 13 

Specific binding of l25I-labeled hFSH (125I_hFSH) t~jva~ing amounts 

of testicular fractions obtained from a 13 yr old rhesus monkey. 
, ~ ~ l>I ' ,1 

Similar results were obtained with testicular tissue from the other' 

three nonhuman primate species. Unless stated otherwise, 'the reaction 

mixture consisted of approximately 50,000 cpm (400 pg) of labeled , -
hormone and 100 ul of testicular tissue. The reaction volume was made 

up to 250 ul with the assay buffer (25 mM Tris-HCl buffer, pH 7.2 

contai~ing 10 mM MgC12 and 0.1% BSA). Nonspecific bifiding was determined' 

in ,the presence of 100-500 ng ·of unlabeled hormone. Incubations were 

fo~ 8 h at 34C. Experimental values were done in tr1plicat~ and 

r~resent the mean ± SEM of at least duplicate experiments. 

. \ 
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. , 

5 

'2S l -HUNAN FSH 
Q) 

12Si-oVINE FSH .-( 

~ 4-
12S 1- hCG "-1 

Cl 
12S 1- OVINE LH 

~ 125 l - HUNAN LH :::» 3 0 
Ql 

LU 
~ 
0 
~ 2 ct: 
0 ::r: 

1 ..... 
'" c.., 

1 -

BrR (100)Jg) RTR (100)lg) 

FtC. 14 u 0 

125' '. ' " 
Relative binding 'abilit.y of I-labeled human. gonadotropins (hCG, 

hLB,' hFSB) and sheep gonadotropins (LB and, FSB) , to ,testicular f.ract1~ns 
r-" r; ~ 

tr0m the rhesus monkey (13 yr), adult bull' (BTR) ~n-d adult rat (RTR).' 

In each test an equivalent of 100 lJ8 .pro,~ein. was ~cubated with the 

labeled hormones for 3 h at 34C. The specifically bound hormone is 

represented as fmol (for the calculaUon~ the mole culaI' weight of 

hCG was takeq. ta be 36.700 daltons and that of LB and 'SB to be 30,000 
, . , 

dal tons each). The binding patterns of labeled honiones to fractions . ; 
~ , . ' -

from the other 3 species of monkeys vere similar to the- rhesU8 testes' 

(data not shawn). Uniess stated otherwiae,'data repre,ents the Dean , . 
± SEM of t~ip1icate values. of at leas~ two separate ~xperiments.·' 

Hl = Hômoge~te; Pl =, 40',000 ~ ~ pe~let ,fract~on; BTR = bovine testï~ular 

receptor; RTR = Rat testicular receptor. 
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FIG. 15 

125 Comparison of the effects of l-labeled bCG and unlabeled hCG on 

collagenase dispersed rat interstitial cells in vitro. Similar results 

were obtained using labeled and unlabeled oLH and hLH. Cèmtrol 
) 

incubations with no hormone added had a testosterone value of 5.57 ± 

0.29 ng/tube. Data shawn are the.mean ± S~ of triplicate val~s of 

. one of two experimen ts. 
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It is possible that our inability to.detect significant La binding 

sites in the adult rhesus mànkey tissues used was due to our method of 

membrane preparation. Therefore, we took a pair of testlcular tissue~ 

from a 13 yr old rhesus monkey and subjected one to a gent le homogeniza­

tian by hand in a tiss'ue grinder an~ the other to the usual rough 

cellular dispersion by the Tekmar t.issuemizer (see methods). Gentle 

hand homogenization had previously been shawn to yield particulate 

fraetio~s of primate testis with some hCG binding ability (lBS}. How-
125 

ever, while both techniques gave approxi~tely the same amotmt of 1-
125 

labeled hFSH binding, no significant ~-labeled heG or hLH binding was 

again observed. To exclude the possib!lity that LH(hCG) hormone-receptor 

, compl~x' s were being formed but were not sedimenting at the speed of 

centrifugation utili~ed in .this study, samples'were precipitated with 

polyethylane glycol (see section 2.2.10). There was no significant 

increase in the specifie binding of th~~ radiolabeled LB or heG again 

suggèsting that there are few if any LH receptors present in adult 

rhesus monkey te~ investigated in th~ turrent studies. 

U ) " 
2.3.2 Sub-cellular distribution 'of gonadotropin binding sites in yotmg 

-~ rhesus'monkeys 
i 

Subcellu1ar fractions were prepared from the testes of a 5.8 yr old 

rhesus monkey. No change in the protein yield was observed. In contrast 
. 125 

to adult tissue, there was specifie binding of I-hCG to hOmGgenates 

,~' and fraction' Pl, with a two fold eimancement. of hCG and hFsH binc;ling 

in frattion -Pl. A comparison of l25 r _hCG 'and 125r _liFsH binding to 

fraction Pl ia illustrated in Fig. 16. Note that for equivalent amounts 
125 

of protein, a preferential uptake of I-hFSH was observed. As a 

consequence of its greater 125I _hCG binding, the characterization 

studies of the rhesus LH receptor were done on testieular frac'tions 

de ri ved from y~ung monkeys (leas than 6 years old). 
~ 
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FIG. -'16 

1 
! 

Comparison of the specifie binding of 125I _hCG 4nd l25I_hFSH 

to the ~ubce1lul~~ testicular fraction Pl, obtained from a 

5.8 yr old rhesus monkey, as a function of protein concentra­

tion. Simi1ar res'ults were 'obtained with 'tesric~ar tissue . 
fram the other three nonhuman primate species. The 'specifie, 

binding of 1 fmol of l~be1ed ~ormone represents 36.7 Pl'~~ 

hCG and 30 pg of hFSR. Of the counts associated with the 
125 ' 125 

pe11et~'up to 60% of the .1-hCG and 80% of the I-hF5,a . 
represented specifically bound hormone. 
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2.3.3 Sub~ellular distribution of gonadotropin binding sites in four 

nonhuman primate species 

We have been able to study testes from,three other species apd the 

subcellular distribution of protein in the different fractions 15 
" 

compared in Table 4. The pattern of protein yield for these nonhuman 

primates was approximately the same as in the testes of adult rhesuS 

monkeys, with about 35.0 ± 1.5 mg of homogenate and 12.4 ± 0.6 mg of 

fraction Pl obtained per gram of tissue. Comparable age groups of the" 

nonhuman primates were utilized for the binding studies. The relative 

l25I_hFSH and l25I _hCG binding of the Pl fraction was 2-3 fold greater 

(data not given) than the respective homogenates, a result identical 

to that observed for the rhesus monkey testes (Fig. 16). 

2.j.4 Effects of time and tempe rature on the ~ssociation of ~~5I-labeled 
gonadotropins to the primate testicular receptor 

The specifie bind1ng of the radiolabeled gonadotropins to the stib­

cellular testicular fraction Pl prepared from the nonhuman primates is 

dependent on both the duration and temperature of the incubation. A 
125 125 

compar1son of the association pattern of I-hFSH and I-hCG. to the 

Pl fraction derived from the different primate species is i1lustrated 

in Figures 17A and l7B respectively. At 34C, their physiological 

temperature, signif1cant and rapid binding occurred dur1ng the first 

two ho urs of incubation, reaching an equilibrium by about 6-10 h. While 

a si~lar pattern of association of the ~adi~la~eled gonadotropins to 

the four primate species was observed, the binding equilibrium for 
125 125 I-hFSH and I-hCG binding to the bull and rat testes was reached 

earlier, within 2 h and 4 h respectively. 

A more detailed study of the temperature dependence of the binding 

of the radio1abeled gonadotrop1ns was performed ustng the rhesus ~nkey 

(Fig. 18A and 19) and the yell~ baboon testes (Fig. l8B). The rate of 
. -

association of the hormone to the recep~or was similar at both 34C and 

37C. At 25C, the interaction of the gonadotropin with its receptor was 

, 
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TABLE 4 

COMPARISON OF THE SUBCELLULAR PROTEIN DISTRIBUTION AMJNG 

Subcellular Fraction 

Primate species* 

Average Testicular 
Weight (g)** 

.",. 

FOUR DIFFERENT PRIMATE SPECIES 

Mm (>5) 

18.3±2.0 

Yie1d of Protein 
(mg of protèins/g of tissue) 

(Mean ± SEM) 

Mn (>5) Mfl (>5) 

15.l±1.6 l2.6±1.0 

Pc (>5) 

l4.l±3.7 

-~--~-----~----------------------------------------------------------------" 
Homogena te (Hl) "39.3±0.57 30.4±4.3l 30.0±0.30 32.7±1.46 

40,000 x g pellet (Pl) 11 .. 8±0.67 

0.6±0.06 

11.6±0 .97 10 .9±1. 73 11.2±1.32 

140,000 x g pellet (P2) 0.5±0.08 O.5±0.06 0.3±0.05 

* Number in parenthese~ represents the age of the pri~te in'years; 

** Weight of testis a~r decapsulation. 

Values shown above (n = 4 to 6 tissues) .were Qbtained by mechani(:a1 .' 

disruption of thé tissues. Comparable values were obtained Using hand 
homogeniz~tion (not shawn). 

Mm -- " . Macaca m~attà (rh.es~ monkey); Mn ",- Macaèa nemestrina (pig . 
tailed ~nkey); Mfl -- Macaca fascicul~ris,(crao-eating ~ey); 
Pc -- Pap-iQ cynocePh:a1us (ye1low baboon). -
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FIG. 17 

Time dependence of the association of ~5I~hFSH (A: .top pane~) 
125 ~ 

and I-hCG (B: bottom panel) ta the subcellui~r fr~ction Pl 

obtained from adult animaIs of various species. Aliquots of 

100-300 ~g prote!n of fraction Pl were incubated wlth-the 
125 ' . :Ç' , 

I-labeled.hormone in the presence and absence of the 

respective unlabeled hormone for various lengths of time at 

34C. Specifie binding was determined st the,indicated time 

intervals. The maximum binding of 125I_hFSH (Mfl :: 16% S.B., 

Mm :: 8% S.B., Mn :: 10% S.B., Pc :: 16% S. B " and bull :: 20%, 

S .B.) and 125J:_hCG (Mfl :: 2% S.B., Mm :: 8% S.B., Mn :: i%· S.B.\ 

Pc :: 3%' S:B.; and rat:: 34% S.B.) was considered as 100%. 
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FIG. 18· 

• Te~perathre dependence of the association of 1~5t-hFSH to the . -
subç;ellular fraction Pl obt~i.ned from a 13 yr old rhesus 

\ , r 6" ." 

monkey (A: top panel) and an 8 yr old yê.ll~ baboon CH: bottom 

" p,anel),..' Specifie' binding was ,assessed at the indicated Ume, 

,intervals to 1~9-l50 ~g,protein of fraetio~ Pl. Data'represents 
. . . 

the mean 1: SEM of triplica te values of 'one of at least, ~Q 

. experilllents • 
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FIG. 19 

Temperâture dependence of the association of 125I _hCG to 210 ug • 
of.the testicular sUbce11plar fraction Pl obtained from the rhesus 

-i •. 125 
monkey (5.8 yl"). The maximum binding of - I-hCG (6% S.B.) was 

considered as 100%. Data rep.resents the mean ± SEM of tripl~ate ,,\,~, 

values Of-~WO experiments. 

.'. 

22 2~ 

" 



1 

1 
, 1 1 

1 
1 
1 
1 
1 
1 
l' 

! 
t 
L 
l 

" 

f 

1 

l.. ' 

L 
t 
1, 

56 

much slower, requirlng about /12 h of incubation to'" attain equilibrium. 

The binding at 4C increased very slowly and had not r~ched equilibrium 

even after 24 h of incubation. The specifie binding gradually decreased 

when the incubation was pro1roged beyond 12 h at' 37C and 34C. A similar 

phenomenon was evident at 25C r but at a slower rate. In the case of the 

~hesus monkey, the hCG hormone-receptor comp1ex appeared to be more stable 

than the FSH hormane-receptor complex at 25C. After 24 'h, the'binding 
125 - 125· 

of I-hCG was near optimal levels while I-FSH binding had declined 

by 60%. The decline in binding in ... these instances may have beea due to 

the denaturation or degradation of the ~eceptor and/or the 1ig~d (see 

be1oW) . 

2.3.5 Temperature stability of the receptor and radiolabe1ed hormone 
, 

In order to distinguish if the drastic.dec1ine in specifie binding 
125 125 . - . 

of· . I-hFSH and I-bCG to the receptor at 37C, 34C or 25C was due to 

the l~biiity of the hormone and/or the receptor~ the fol1~ng experimeots 

were performed. The reèeptor fraction Pl and labeled hFSH were separately 

incubated at the different temperatures for varioUs time periods. At 

the time intervals as shawn in Fig. 20 and 21, ,binding_ abi1ity of the 

pre~reated radio1abeled hormone or the receptor fraction was evaluated 

by incubation with their (untreated) respective counterparts. A 4-h 

binding Assay was pe~formed at 37C to dete~ne specific binding (see 

secti-on 2.2.7). The radiolabeled hFSH and hCG showed no significant 

change in their abi1ity to bind to the monkey receptor following inctibation 

at aIl three temperatur~s for ~s long as 48 h. Indeed, the labeled 

hormone kept at 4C for 4 days showed no change in its 'binding ~bil~ty 

as compared to zero time (data nqt shawn). In contrast to J:he stability 

of the labeled hormone, the receptor fraction showed a marked decrease 

in its binding 'àbility after preincubation. A comparable pattern of 

dec1ine was observed for the testicular fractions derived from the rbesua 

monkey and yellow baboon (Fig. 20 and 21). At 34C, a 50% loss of 1251_ 

hFSH binding ability occurred by 1.5 h and 5 h and a 50% 1088 of 125I _hCG 



'. 

,.> 

FIG. 20 

, C-
, Effec.t of preincubation on the integrtty of the adult rhesus 

imOnkey testicular receptor. 

A (top panel): 125t - b P'SH'binding to 150).18 pr.otein of sub-, 

cellular fraction Pl from 'a 13 yr old rhesus monkey., 

B (bottom, panel): 125I _hCG bPlding to 2QO lIg protein of sub-'\ 

cellular fraction Pl 
'1' 

frOID a 5.8 yr old rhesus monkey. The (J' . 
125' . ' .-' 

receptor fraction Pl and the 1-1abe1ed hormones were 

separately incubated in the assay buffer at different temperaturea 

for' various durations of time and their ability to bind to 

the unincubated 1abeled ho:rmone or the receptar tesp'ect1ve1y , 
was assessed in a subsequent 4 h incubation at 37C. The 

maximum sp~cific bindin~ of 125I ... ~!SH (10% specifie. binding) 
125 " 

and I-bCG (6% specific'binding) was considered as 100% for 
125 

al1 the ca1cu1ations. The 1abeled hormones, I-hFSH (top' 

panel) and 125I _hCG (data not shown) , did not suffer any 

i,nae.tivati,on at 4C, 25C, '34C or 37C for, 24-48 h. Data 

represents ,the mean ± SEM of triplicate values of one of, 
.. ... • J .. 

two experiments. 
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FIG. 21' ,'. 

Effect of preincubat10n on the integrity of the adult y~llow babQon 

ul -, (') 125I d 0 - testic ar _receptor. A top panel : -hFSH bin ing to 20 ug , 
, , 

protein of subcellular fraction Pl from a 10 yr old .yellow baboon. 
125 

B (bottom panel) : I-hGG binding to 350 ug protein of subc~l,lular 

fraction Pl from an 8 yr old y'ell~ baboon. The maximum specifie , 

binding of l25I_hFSH (14% specifie binding) and l25I _hCG (3% ~p~èific 
binding) was considered as 100% for 'aIl the calcu1ations. Da~a 

represents the mean ± ~EM of tripl;.icate values' of one ôf two experiments'. 
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binding abil1ty occurred by 4 h and 3 h for the rhesus monkey and yellow 

baboon respective1y. The decl1ne in hormone binding ability was c1early 

relate,d to the temperature of. preincubation. For the rhesus monkey 

(Fig. 20A), the receptor binding &bility for 125I _hFSH was rapid1y lost 
1 

at 37C showing a 50% decay, after on1y 1 h of pre1ncubation. - The rate 

of loss was slower at 34C, 25C and 4C. 'At 34C, 25C and 4C, a 50% 

loss of binding ability occurred after 1.5, 7 and 48 h of preincubation, 

respectively. The difference in st~b{lity of the receptor at 3!G an~. 
34C was reproduc:l.ble. Data from Fhis exp~:i.ment clear1y show that the 

exposed binding s:1tes are susceptib1è to 'degradat,ive processes in the 

absence of the hOnlOne. HàWeve~, if the ligand w~s included in the 
\ 

incubation at 37C, 34C or 25C, bind1ng could be demOnstrated up to .about 

10-12 h (Fig, 18 and 19). The decrease in specifie binding that occurred 

beyond this period even in the presence of ~he. ligand (Fig."" 18 an(d 19) 

may again be attr:1buted to inactivat{o~ pf the receptor. ' 

125 
2.3.6 Effect of pH on the binding of I-labeled hFSH to the receptor . -{.\ 

The spee1fic binding of radiolabe1ed hFSH to rhesus. testiéular 
~ . 

rece~r fraction Pl occurs over a fair1y wiclè range of pH (Fig. 22) 

with ~Ptimal binding between pH- 1.0-1.5. At the extremes of pH (4 and 

10), the degree of specifie binding was ~ither. smal1 or insignifiçant. 
125 

Table 5 illustrates the sim1lar effects of pH on the binding of, I-hFSH 

, by the r:.hes us monkey and yel10w baboon. In addition to the pH, binding 

Al though the same ~as apparent!y dependent' on the type of buffer used. 
~ 

concentration of the buffer was used (25 uM in a11 cases), a~ every pH 

studied, specifie bin1,ing in the presence of Tris-Hel was significant1y 
, \ 

higher than that obtained using phosphate buffers. The reduced binding 

of the h(!}rDlone to the receptor at extremes of pH could be .a resu1t of 

a 105s of the2?n grity of the particulate receptor or instability of 

the hormone i tse . To tnve5ti\~ate ,this effec t further, the particulate 

receptor frac on from the rhesus monkey was exposed to pH 5.5 and pH 9.0 

for 30 min at 31C followed by washing, resuspension and incubation with 

" 
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f f ' , 125 - f u1 Ef ect 0 pH on the interaction of I-hFSH yUh 100 118 0 tes~ic ar 

f;a~tio~ (~1) fr,om the rhesus monkey (13 yry Each set of incubations . , 

w~re c~rried 'lut at 34C for 8 h in tbe respectiv~, buffers indicated, . ~ 

in t~e presence of 10 mM MgC12 and 0.1% BSA. 'Other conditions ~f 

incubation are the same as shown in leg~nd to Fig. 13. The maximum 

. specifie b1nding (10% specifie binding) obtain~d with 25 mM Tris~Hël 
,~ , 

at pH 7.0 W8S set as 100% for eomparison( 
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TABLE 5 

\ 
INFLUENCE OF INCUBATION MEDU pH ON THE SPECIFIC BINDING OF 

1251_hFSB TO THE NONHUHAN PRIMATE FSH RECEPTOR (TESTICULAR} 
0 

BUFFEa pB RHESUS MONIŒY (Mm) YEUœ BABOON (Pc) 

Acetate o , 4 ) 4.89 ± 2.09 2.86 ± 1.83 

S 3.02 i 0.78 1.31 ± 0.75 

5.5 31.13 ± 2.13 41.09 ± 2.61 

Tria-Rel 6 78.90 ± 6.36 76.93 ± 3.31 
,-

6.5 97.05 ± 4.65 77.96 ± 2.31 
-7 100.50 ± 2.89 100.00 ± 1.93 

'7.5 95.96 ± 3.85 88.74 ± 1.13 

8 70.05 ± 3.34 60.65 ± 2.14 

, 8.5 46.05 ± 1.52 55.78 ± 2.96 

'9 33.36 ± 1.95 52.71 :1; 1.27' 

9.5 N.D. ,43.,74 :1;' 0.90 

Sod1wa phospha te' 6 42.41 ± 2.51 39.90 ± '3.3'-

6.5 40.40 ± 1.26 N .D. 

7 30.02 ± 1.58 " 33.39 ± 2.41' 

'7.5 22.78 ± 9.09 N.D. 
1 , 

8,,: - ,23.56 ± 2.95 ,23.41 ± 2.09 

. 
- .Catbonate-bicarbonate ·9, " ' 6.00 ±,1.Q7 N .D. 

,1 , .. _. _, 

1 
1 _ , ' , 

9-.'5 3.02 ± 1.64 
, 

6.41 ± 0.38 , , , 

.,. 
10~ 2.67 ± 1.92 '2.59 ± 0.20 

10 • .5 1.24 ± 0.31 0.58, ± ,0.19 

. . 
Subce11u1ar fractions were prepared from the rhesus monkey (13 yr) 
and ye110w baboon (8 Yr) testes. Aliquots of testicu1ar fraction 

. Pl (lOO-!90 llg protein) were incubated at 34C for 8 h in the 
, respective buffers indicated, in the presence of 10 mM MgC12 and 
. 0.1% BSA. Other conditions of incubation are as shown in legend 

ta Fig. 13. The maximum specifie b inding, 12% and 14% specifie 
, binding for the rhesus monkey and ye1low baboon respectively, at 

~H 7.0 was set aS,100% for comparison. Data represents the mean 
± SEM of triplicate determinations of st 1east two separa te 
experiments. N .D. = not determined. 

- ,- ~ 
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125 , l-hFSH in the usual assay buffer (25 dl Tr1s-~Cl, pH 7.2) for 2 h. 

This procedure led to about 50-60% restoration of th~ specifie hormone 

binding ability of the receptor (data not shown) indicating partial 

reversibility of t~e pH effect at least over the short interval studied. 

2.3.7 Effect of ionic environment on the interaction of lSbeled hFSH 

with the lIDnkey receptor 

Exposure of the primate testieular receptor fraction to increasing 

èoneentrations of salts included in the assay buffer (25 DM Tris-HCl, 
~ 125 ' 

pH 7.~),had ~ofound effects·on the binding of . l-labeled hFSH (Table 

A typical re~t is shown in Figure 23A using the rhesus monkey as an 
'" example. Optimum specifie binding of hFSH occurred 'in the presence, of 

~-lO DM CaC12 or MgC12: At· equivalent concentrations of Na + or K+, .. 

6). 

the degree of specifie binding was very poor and only'at higher concentra­

'·'tions of these ions was the binding significant. The higheat binding~ 

observed at 50-100 mM of NaC1 or KÇl was still ~ubstantially lower than 

- that seen widt 5-10 DM 'CaC12 or MgC12 • Using these values as the optimal 

molarity of monovalent and divalent cations'necessary for maximum 
125 '. , . 

specifie bindtng of I-h~H, the ionic strength.of the incubation 

medium was caleulated. A similar ionie strength of 0.-02-0.05' was found" 

for lOOnovalent and di valent cations to result in maximal specifie binding 
of \125l':'hFSH. 

The effeet of pretreating the particulate receptor fraction Pl of 

the rhesus ~nkey for '30 min at 37C'with vario'us ionie concentrations of . ' , ~ 

~gC12 followed b~ was~ling and 'resuspension in 25 trM Tris-HCl buffer, 

_pH 7.2 contaiI\ing 10 DM MgC12 is sho~ in Figure 23:8. lt may be noted 

in this experiment that the manipulation pro cess itself diminished the 
. , '1 

total amount of radi.oactivity bound at the 10 mM MgCl2 concentration ' ,-
(compare Fig. 23B, open and hatched bars). This should now be viewed 

N 

as the standard for co~aring the ~ffects of preincubation at aIl other 

MgC12 concentrations. Taking this into consideration, it beco~ clear 

that there was restoration 

a"subopti~ncentrat1on 

. 
of hFSH binding in,tubes preincubated with 

of M.gCl2 sUch as 0.5 ~d l'uM and then 
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TABLE 6 
o • 

EFFECT OF VARIOUS SALTS ON THE SPEciFIC BINDING.OF 125I~hFSB TO THE NONHUMAN PRIMATE FSB RECEPTOR 

.. ... Sp.ecies 
0.5 

Ionie Concentration (mM) 
1090 500_ 100 ~_. __ ~ __ "_~_~J.O" __ ~. 5 1 

MgClz (mM) 

:rhesus monkey (Mm) 

yellow baboon (Pc) 

pig tailed monkey'(Mri) 

CaCl
2 

(mM) 

rheeue monkey (Mm)' 

yellow baboon {Pc} 

pig tailed monkey (Mn) 

~gS04, (mM) 

rhesù~ monkey (Mm) 

yellow baboon (Pc) 

pig tailed ~nkey (Mn) 

~aCl (mM) 

rhesu8 monkey (Mm) 

yell~w baboon (Pc) 

pig tai1ed monkey (Mn) 

KCI (mM) 

rhesu8 monkey (Mm) 

1.60±0 .98 

0 

N.D. 

1.24±O .59 

0 

N.D. 

N.D. " 

o 
N.D. 

2.27±O.40 

o .39±O .24 

N.D. 

3.10±1.05 

1:68±0.71 

1.54±O.74 

0 

2.58±1.2::; 

1.74±Q.82 

0 

6.76±0.47 

12~51±1.20 

4.2l±0.2i 

\ 2.72±O.50 

O.78±O.(i8 

L09±O.49 

19.67±1.99 

14.68±1.40 

20' • 35 ±1. 21 

12 .. 66±0.39 

14.03±O.S3 

17 .03±1.01 

1l.12±O.67 

25.1l±1.95 

sO.69±l.SO 

41.32±lL64 

11.65±2.09 
" 

53.09±2.64 

62.47±0.64 

47.35±3.26 

41.32±1.35 

55.08±1..02 

44.82±0.46 

41.56:1:1.78 

72.00±1.12 

66.50±4.02 

, 
22.66±2.62 

14.6S±1.15 1 22.05±1.l3, , 

12.52±0.64 18 • 83'±O .82 

45.9U:1.28 45.02±3.13 

yellow baboon (Pc) 1.04±O·.60 7.46±3.70 61.96±2.04 63.41±2.98 

pig talled monk~LiMllt _ _ N.D. "i.9~±t.46 54:5_8±3.77' 54.86±1.06 

100.OO±1.34 

100.00±1.26 

100.00±3.l8 

102.13±2.63 
• 

109 .89±3 .52 

l13.71±1.67 

88.37±2.33 

89 .93±2. 20 

86.5J±3.07 

Il 
1 

102.20±2.76 

98.48±3.65 

102 .63±1. 79 

38 .10±'3. 69 

53.49±1.64 

54.S8±2.07 

45 .08±'l.83: 

63.11±3.60 

70.89:!2.47 

86 .. 84±3.45 " 61.55±1.86 69.27±2.58 

4s.43±2.34 74.93±2".93 

80.47±1.54 

V. .OitO.58 

23. 491°.47 

20.91±1.34 " . 
r/"-

27.55±3.15 

48 .17±1~. 22 
" ." 
44.97±2.0l 

'72.7.3±4.07 

"72.36±1.22 "-43.14±1.81 

-
13 .. <1l.;t2 ~Ol 1l.89±1.86 

22.0l-±0.45 22.47±O.84 

15.75±2.78 20.67 ±1.91, 

" r 
< " 

17 .15±2.91 1) .86±1.56 

36.33±1.97 30 • 96,±3 .23 

3!.75:U.S6 20.S0±3.0S 

28.73±1.43 

N.D. 

N .D. 

30.91±1.16 1 
,51.76±3.72 if 
"sO.40:!;2.~, ~ 

- ,~ 

35 .?0±3.63. '~ 
43.50±2.24 ,j 

-~ 
33.71±1.15 l 

J 
~ N.D. ~ 
!l! 

26 .ll±!. 32 l 
19.96±O .. 55 i 

~ -:.~ 
:~ 
~ 

14'. 55±2. 85 il 
1\ 

29 .60±1. 70 ), ~ h. 
i 

26.10±4.04 1 
Subcellu~ar fractions were prepared from the rhesus monkey (13 yr), ye110w baboon (8 yr)'and pii tailed monkey (10 yr) testes". t 
Aliquote of testicular fraction Pl (100-200 ~g protein) were incubated àt 34C for 8 h in the"regular ssssy buffer at 'pH 7.2 1 
~ut with ~arying concentrations of the salts. The maximum specific binding (Mm=lP% S~B., Pc=12% 5.B.~ and"Mn=lO% S.B.y ; 
obtained in the presence of 10 mM MgCl2 was set as 100% ,for compari~on. ln the ~bsenfe of. salt o~ly 2a±21 specific binding . i' 
was observed. Data represents the mean±SEM of tri~licate determinations of at least two separ~te experiments~ ND=not determined 1 

- ", 1 ; 
~ 
~ 
1 
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FIG. 23 ' 

(A) Effect of ionic environment on the equilibrium liinding 
125~ 

of ' I-hFSH to 100 llg, testicu1ar fraction (Pl) from the rhesus 

monkey (13 yr). AU incubat'l.ons were carried out at 34C fQr .. 
8 h in the regu1ar assay buffer $t pH 7.2 but with varying , ' 

concentrations of the sa1ts as indicated in, the figure. Th~ 

, .max1m~ s'Petific, b:t,nding ~9% specifie binding) ob,tained in 
1I!'-'fo ' ~.. • , -

the p1<esence of 10 mM Mgé12 was set as 100% for. comparison. 

Each point, w~s done, in trip1icate with the bars omitted from 
",. 

the figure for c1ar1ty. Data r~presenta the mean of 3 separate 
, 1 

experimen ts. 

(B) Effect of pre-exposu~e of 125 ug of testicular fraction 

Pl from the rhesua ~onke~ ~13 ) to a, varying MgCl2 'en'vironment 
~. 5 

at pH 7.2 on its subsequen ,I-hFSH binding ability. The , 
receptor was preinc~bB;ted ~or 30 min at 37C in 25 mM, 'Tris-Hel 

pH 1.2 with the indicated concentration of MgC12 • 'After . 
\1 • 

centrifugation and washing of the pellet, the receptor 'was 

re-incubated in the regular assay buffer ,(Le. 25 mm Tris-Hel,'· ' 

pH 7 .. 2, 10 mM MgC12) for 2 h at 37C in the presence of 12~I_h~~~H 
for eva1uatiort of binding. 'The ~mum bi,nd1.ng (7% specifie . . . 
binding) "obtaine~ 'W1~h 10 ~ MgC12 without the first 30 min 

~I' • 1 

preinc;ub"t.ion ,was set as 100%. Not~ that a 30, min preincubat,iPn. 

of the reœ'pto:t without the l.igand under these optimum' conditions , , , 

resu1ts in 10ss of binding a~ility in the subsèq~nt incubation., 
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transferred to a 10 mM MgC12 envirQnment. Tubes in which the receptor 

was preincubated in 25-1000 mM now showed enhanced binding when 
to 

subsequently incubated. While removal of the higher salt concentration 

did not restore optimal binding in aIl cases, there was nonetheless a 

significant increase in original binding. The tendency for biRding 

higher than that obtained at 10 mM MgCI2 , become~ clear upon exaDdnation 

of the bars showing binding before and after in the tmes preincubated 

with 25, 50 and 100 mM MgC12 concentrations. Failure to obta1n optimum 

binding following treatment at the very high salt(concentrations during 
1 

pre incubation could be due to the disorganization of the FSH receptor 

either by solubilization or other processes. At intermediate concentra­

tions, such as 50 and 100 DM MgC12' the displacement of endogenous 

hormone by the salt and êubsequent removal by the washing and centrifuga­

tion could le ad to the exposure of lOOre sites capable of binding the 

acjded lab eled hormone in the second incubation. 

2.3.8 Temperature and time dependence of the dissociation of the 

preformed hormone-receptor complex 

Similar ta the association reaction (Fig', 18 and 19), 

tion reaction is also dependent on the incubation time and 
~ 

(

f,; 

the ssocia­

temperature. 

The dissociation of the hFSH receptor complex in the rhesus monkey and 

yellow baboon testis is shawn in Figure 24, For reasons of c1arlty, only 

the effects of 34C and 4C are included for the yellow baboon (Fig. 24B). 
125 

Dissociation of the labeled hFSH from the preformed I-hFSH-receptor 

complex was a very slow process at aIl temperatures studied in the presence 

of a hormone free assay buffer. The addition of a 1000-fold molar excess 

of unlabeled hFSH was unable to significant1y enhance the dissociation 

of the complex. After 24 h at 34C, only about 40-~0% of total 

specifically bound radioactivity was lost (displaced) from the pellet 

of the rhesus monkey and yellow baboon. This is in comparison ,to about 

a 20-25% decrease observed at 4C after 24 h for the rhesus monkey and 

yellow baboon. 

It 
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FIG. 24 

Effect of temperature and unlabeled hormone on the dissociatio~_ 

of 125I_hFSH from 100-200 ~g testicular fraction Pl obtained 

from a 13 yr old rhesus monkey (A: 

yellow baboon (B: bot tom panel). 

top panel) and ~n 8 yr old 
12:, 

The preformed I-hFSH-

receptor complex obtained by incubation for 16 h at 25C, was 

washed and re-incubated in the same volume at different 

temperatures for various times in the presence (broken lines) 

or absence (solid lines) of a 1000-fold excess of unlabeled 

hFSH. The binding obtained at the beginning of the second 

incubation, L2i. and 14% specifie binding for the rhesus monkey 

and yellow baboon respectively, was 6et as 100%. The nonspecific 

binding in this experiment amounted to 20% and 30% of the total 

counts bound to the FSH receptor of the rhesus monkey and yellow 

baboon respectively., Data represents the mean ± SEM of triplicate 

determinations of at least three axperiments. In panel A the 

error bars vere omitted from the figure for clarity. Each point 

in panel A is the mean of triplicate determinations which varied 

less than 5%. 
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2.3.9 Susceptibility of the hormone-receptor complex to pH and salt 

concen tration 

It was seen from data in Figure 22 that optimum binding of labeled 

human FSH ta the receptor occurs between pH 7.0-7.5. The influence of 

extremes of pH such as pH 5 or pH 10, which were not conducive to 

hormone binding, a1so Had matked effects on the dissociation of the 

preformed hFSH-l'eceptor l~omp\ex (Fig. 25A). Incubation at th 

values (5.0,5.5,10.0) rês-ulted in a rapid disso-Ciation of IOOst 0 

125 
the specifically bound I-hFSf from the rhesus monkey receptor 

1 h at 37C (about 85% decrease). Following this rapid 10ss the r 
• 

declined more slowly and by the 1!nd of 12" h a11 of the specifical 

bound hormone was stripped off the receptor. 

The presence of a high salt concentration in the incubation medium 

a1so led to enhanced dissociation of the labeled hormone from the 

preformed comp1ex (Fig. 25B). In the presence of 500 mM.MgC12' nearly 

aIl of the specifica11y botmd 125I_hFSH was dissociated. It may also 

be :l.nteresting ta note that signiÎicant dissociation of the hormone from 

the hormo~è~receptor complex can a1so be achieved by simply omitting , 
MgC12 in the subsequent incubation (Fig''l25B). As noted in Figure 23A, 

a low (5-10 mM) concentration of diva1ent cation is req~ for 

maintenance of the efficient binding of the hormone to the receptor. 

In this series of experiments (Fig. 25B) the addition of a 1000 fo1d 

excess of unlabeled FSH failed to increase the dissociation of the bound 

hormone from the receptor . 
• 

2.3.10 Natute of the receptor 

The chemical nature of the rhesus monkey FSH receptor was studied 

in a Hmi ted fashion by incub~ting the par.ticulate fraction with various 
o 

enz~s or reagents .. These results are shown in Figure 26. The exposure ,,-
of Pl receptor fractjon to enzymes such as ribonuc1ease or deoxyribonuc1ease 

125 
or to 0.1% ethanol did not affect the specifie binding of I-hFSH. 

Howe~r, treatment with the proteo1ytic enzyme txypsin, phospholipase C 



FIG. 25 

( ) , 125 1 A Dissociation of the preformed I-h~SH.re~eptor camp ex 

as a function of pH of the incubation ~diam. The complex 

was formed from 100 ~8 testicular fraction Pl obtained from 

a 13 yr old rhesus monkey as detailed in Fig. 24 and 
• 

.'"" incubated at the indicated pH for varying ',time intervals in 

sets of triplicates. Th~ following buffers (aIl at 25;mM 

containing 0.1% BSA and 10 mM MgC1 2) were used: l.. 
acetate buffer pH 5.0 and 5.5; Tris-Hel buffer pH 6.0-9.0 

and carbonate bicarbonate buffer pH 10.0. The binding 

obtained at the beginning of the second incubation, 8% 

specifie binding, was set as 100%. The nonspecific binding 

in this experiment amounted to 25% of the total counts bound 

to the receptor pellet. 

~) I~luence of the ionic environment on the dissociation 
125 

of the p eformed I-hFSH receptor complexe The complex 

was formed from 100 ~g testicular fraction Pl obtained from 

a 13 yr old rhesus monkey as detailed in Fig. 24 and incubated 

at 37C in 25 mM Tris HCl pH 7.2 wi th 0.1% BSA in the presence 

of the indicated concentration of MgC1 2• The binding obtained 

at the beginning of the second incubation, 8% specific binding, 
. 

was set as 100%. The nonspecific binding in this experiment 

amounted ta 25% of the total counts bound ta the recel}.tar, 

pellet. 
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FIG. 26 '. 

Stability of the monkey testicular FSH receptor to enzymes 

and chemicals. The tes ticular fraction Pl "flOO \Jg) from a 
\ 

13 yr old rhesus monkey was exposed to the various treatments 

for 30 min' at 37C. Phospholipase C treatment was done in 

25 mM Tris-HCI buffer t pH 7.2 containing 0.1% CaC12 and 

neuraminidase action was effected by incubation in 25 mM 

amm~nium acetate buffe+ pH 5.5 containing O.2%.MgC12 • Al! 

ot~~treatments were in 25 mM Tris-HC1 buffer, pH 7.2 

containing 0.2% MgC12• The second incubation which examined 

the ability of the control or treated receptor ta bind 
125 I-hFSH was performed at 37C for 2 h in the regular assay 

buffer (see Fig. 13). AlI 'Values have been normalized to 

the appropriate controls. Data represent the mean ± SEM of 

triplicate values of one of two separate experiments. 
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and 10% ethanol aimost completely eliminated the binding of labeled 

hormone indicating that a protein and phospholipid component of the 

particulate fraction may play ah important role in the control of the 

FSH-receptor interaction in the primate testis. The significant decrease 

in the presence -of a reducing agent such as mercaptoethanol suggests 

that disulfide bonds are also of structural importance to receptor 

integrity. Treatment of the receptor fraction with neuraminidase which 

removes accessible terminal sialic acid residues from glycoproteins did 
125 

not reduce binding of I-hFSH. On the other hand, a small increase in 

binding was observed. Therefore, sialic acid of the membrane does not 

appear to be essential for hormone uptake. 

2.3.11 Effect of freezing and lyophilization on th~ receptor 

. 125 
The b~nding ability of I-labeled hFSB and hCG to the gonadotropin 

receptor (Pl fraction) was assessed immediately after preparation and 

following freezing at -70C for 2 days. In a11 the four species studied, 
125 the degree of I-hFSH binding to the receptor was slightly decreased 

(about 20%) after 2 days of freezing at -70C and thawing (Fig. 27). 

The decrease appoeared to b~_ greater (30%) in a species which had low, 

initial binding, ex. pig-tailed monkey. With others such as the yellow 

baboon, the frozen and thawed receptor still showed very good (20'%) 
125 specifie binding. In the sa1Œ tissues, the loss of I-hCG binding was 

slightly greater (20-40%) probably reflecting the two-four fold lower 

hCG binding capacity of these tissues. Again the ~'decrease was greatest 

in tissues with low hCG binding (less than 2% specifie binding). Storage 

of these tissues for longer periods of time (up to one year) did not 

result in any furt;,her significant loses of hormdne binding ability. This 

suggested that repeated freezing and thawing of tissues were detrimental 

to binding. This proved to be true, so fractions were only refroze~ 

a maximum of two times. After storage for 2! ~ears at -20e, a lyophilized 

fraction of the rhesus monkey FSH receptor (Pl fraction) was as active 

as a fraction kept frozen at -70C. This sliould prove to be a mo~e 

convenient method for long term storage of large quantities of the 

gonadotropin receptors: 
'. 
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FIG. 27 

125 
Comparison of the binding ability of I-hFSH to the monkey receptor 

(Pl) fraction on the day of its preparation (panel A) and after two 

days of freezing at -70C (panel B). In the latter case, the frozen 

receptor was allowed to gradually thaw at room temperature. Non­

specifie binding (20i. of added radioactivity) was determined in each 

case in, the presence of 100 mg hFSH. The percentage reduction in 

panel B was 30, 18,22 and 22 in Mn (15 yr), Mm (13 yr), Mfl (8 yr) 

and Pc (10 yr) respective1y. 
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2.3.12 Spec1 fic! ty of the primate FSB receptor 
. 

In a binding assay using receptor fraction Pl from the four different 
, 125 

species of monkeys, the binding of l-labeled hFSH or bCG was effectiVEly 

inhibited by their respective unlabeled hormones in a dose dependent 

manner. The nature of the displacement curves obtained with the receptor 
J 

from aIl the four species were similar.' A typical result is shawn in 
125 

Figure 28. Unlabeled LB did not displace I-hFSH except at very high, 

non-physiological concentrations. Similarly unlabeled FSH did not displace 
l25I _hCG • 

, 
2.3.13 Quantification of testicular primate gonadotropin receptors 

The specifie binding 

derived from a 5.8 yr old 

of l25I_hFSH and l251_hCG to the Pl fraction 

r;tsus monkey was proportional to. the amount 
.1 

of labeled hormone added to the incubation DEdium (Fig. 29). Similar 

gonadotropin biQding patterns were obtained using the subcellular fractions 

(Pl) prepared from the other nonhuman primates. Specifie binding of 

<---1l-5I-labeled hFSH and heC to the ~testes of the' four nonhuman primates was 

linear at low hormone 'concentrations. Saturation of binding sites by 

125I_hFSH and l25 I _hCG occurred between 2-30 fmol and 0.05-1.6 fmol per 

100 wg protein respectively. Binding data were analyzed by Scatchard ' 

plot (205) using the formula: 

, B/F = Ka (n-B) where: 

B = amoun t of hormone specifically bound 

F = amount of free hormone 
'il 

n = hormone binding capacity 

Ka = apparent .association constant - . 

) 

If the hormone recepto~ interaction is a simple bimolecular reaction 

and i5 at equilibrium, then the plot of B/F versus B should give a straigh t 

line (see insert Fig. 29). ThU! one can determine the appàrent dissocia­

tion constant (Kd) from the inverse of the slope of the line and the 

number of binding sitês or binding capacity from the X intercept (n). 

For these calculations, the mblecular weights of hFSH and hCG were 

conside,red, ta l:Ae 30,000 and 36,700 daltons respectively. 
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FIG. 28 

125 125 
Competiti.on of I-hFSH (A: top panel) and , I-hCG (B: bottom panel) 

by their respective' unlabeled hohones for binding sites on the testicular 

fraction Pl (100-200 ]Jg) obtained from the rhesus monkey (5.8 yr) .• 

Data represent the mean ± SEM of triplicate determinations of one of 

at least two separa te experiments. 
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FIG. 29 

Specifie b inding of increasing concentrations of labeled 

7 gonadotropins to a test:teular fraction (Pl) prepared fcom 
, . 125 

a5.8 yr. 0 ld rhesus monkey, A (top) I-hCG wi th 165 Ilg 

protein equ±Valent of reeeptor (Pl). B (bot'tom) 125I_h~SH 
with 50 Ug prote.in equivalent of receptor (Pl). Nonspecific . 
bind:tng for each point was, de te rntlned in the presence of a. 

500 fold molar excess Qf the unlabeled hormone. Inset in 

eaeh panel shows the Scatchard plot of the binding data. 

The reciprocal of the negative slope of the li.ne yields " 

the apparent dissociation constant (Kd) and the intercept 

on the abscissa yields the total amotmt of ~abeled hormone 

botmd in picograms (pg) , ~hich is used to eXpress the 'number 

of receptors. The number of binding s'ites for heG and hFSH 

were 0.64 and 13 .1, fmol / 100 llg protein respec tively, which 

is equivalent of testes. 
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The effect of increasing age on the binding capacities and affinities 

of the rhesus monkey LH(hCG) an.d FSH receptors were computed and then 

tabulated (Table 7). With one exception: the 5.8 yr old tissues, aIl 

tissues were surgically removed during ~he summer months, ie. during 

the nonbreed:f.ng Beason. Although the few number of tissues available 

to us limited the age range which could be studied, a marked increase 

in the testicular binding'l' capacity for the gonadotropic hormones wss 
, . 

observed with adv~cing age (Fig. 30). Taking into consideration only 

tiS9UeS taken from monkeys during the nonbreeding season, a progressive 
, G 

increase was observed in the number of LH(hCG) receptors up to 4.0 yr 

of age '(Fig. 3OA). FSH receptors increased up to 5.2 yr, with a marked • 
increase in receptor numers <i(4.2X) occurring betweén ages 4.0 and 

• 
5.2 yr (Fig. 3OB). At the next age group available for,study (13 yr), 

there was a pronounced decline in LH receptors (50%) and no significant 

change in FSH receptors. A distinct: difference in the humber of 

gonadotropin receptors was noted between the testes removed from a 

5.8 yr old monkey during the breeding season (January-September) and 

the closest age matched mnke~ tissue taken during the nonbreeding 

season (5.2 yr). There was a gfeater nunber of LH receptors but a lower 
, 

number of FSH receptors in "t~e 5.8 yr old monkey testes. Whether this 

is a general phenomenon or so~thirtg peculiar only to this animal is 
\ ~ , 

unknown. If the number of,~onaaotropin receptors is expressed as pmI 
Q 

hormone bound per gram of testes, then younger tissues are found to have 

a greater quantity of LH'(hCG) .receptors than oIder tissues. The period 

of increasing binding capacity (3.0-5.2 yr) is accompanied by a 50-100 

fold increase in testicular size. 'Thus the increased testicular 

,gonadotropin binding capacity of older animaIs was most likely a 

consequence of an increase' in testfcular size. Every tissue studied 

contained a greater nunber of FSH recepto~ than LH(hCG) receptors • 
(10-100 times greater). While no age' related change in the LH affinity 

i , 

constant was observed, there was a significant decrease in the affinity 

for hFSH with increasing age. The cause of the incressed binding capacity 

and accompanying lower affinity for hFSH in the rhesus monkey testes 

is as yet unexplained. 
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TABLE 7 

EFFECT OF AGE ON THE BINDING CAPACITY AND APPARENT BINDING AFFINITY OF THE 

TESTICULAR FSH ~ND ~H(hCG) RECEPTORS OF THE RHESUS MONKEY 

- - - --

_ - :,_" -: Hormone binding capacitx Apparent binding affinity (Ka) 
~ Age Testicu1ar FSH receptor LH(hCG) receptor FS~ receptor LH(hCG) reéeptor 
~ Cyr) weight (g) pmo1/g testis pmo1/testis pmol/g testis, pmo1/testis (10 OMrI) (10I ÛM-l) 

3.0 0.35±0.01 o .91±0 .09 o .32±0 .03 0.230±0.001 0.082±0.042 1.49±0 .30 3.23±0.15 

3.9 1.02±0.19 2.18±0.19 2. 26±0 :61 0.174±O.001 0.177±0.O32 1.15±0 .19 2.45±0.13 

4.0 S.25±O.75 1. 4 l±O • 27 7.20±0.36 0.086±0.007 0.447±0.028 0.73±0.001 3.94±0.28 

5.2 17.80±0.50 1.71±0.20 "30 .34±2. 71 0.026±0.007 0.450±0.121 0.29±0.01 2.47±0.46 

5.8 13.85±0.15 1. 34±0 .10 18.55±1.19 0.067±0.005 0.921±0.OS3 0.35±0.02 2.B7±O.S8 

13.0 20.85±0.85 1.85±0.31 32.20±3.52 0.021±0.005 0.434±0.086 0.40±0.21 2.I7±0.24 

Data was derived from Scatchard analysis of tissues utilizing 125I-hFSH and 12SI _hCG . With the exception of the 
monkeys aged 13 yr (n = 4 animaIs, I tissue each) data represents individuai animaIs (4 determinations each). 
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FIG. 30 

Influence of age of testicular tissue on the binding of 
125· 125 I-hCG (A: top panel) and I-hFSH (B: bottom panel) 

to the rhesus monkey gonadotropin receptor. Testicular 

weight is indicated in parenthesis. AlI tissues, except 

the 5.8 year old, were surgically removed during the non­

breeding season. The number of receptors were determined 

by Scatchard analysis of the binding data (see Fig. 29) 

for each tissue. Each value representa the mean ± S.D. 

of Scatchard analysis o'f indi vidual animals (4 determina­

tions each). 
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A comparison of the binding capacities and affinity constants for 

125 ' 125 the interaction of I-hCG and I-hFSH with the different nonhuman 

primates is shawn in Tables 8 and 9 respectively. The few tissues 

studied, did not permit a correlation between tissue age and receptor , 
numbers. The binding affinities for both gonadotropins were in the 

range of 109 - 1010 M, consistent with their blood levels. However all -the nonhuman primate tissues exhibited a significantly higher affinity 

for l25 I _hCG . The binding capacities of the nonhuman primates for the 

gonadotropins were similar wqen expressed as pmol hormone bound per gram 

of intact tissue. The crab eating monkey and rhesus monkey exhibited 

the greatest FSH and hCG binding capacity respectively. AlI tissues 

from each species had a greater quantity of FSH receptors than LH(hCG) 

receptors, with this ratio being ~ge and species dependent. 

2.3.14 Detection of buffer soluble FSH binding components in testicular' 

extracts 

The presence of buffer sol..uble gonadotropin binding components was 

investigated in the 140,000 x g supernatant fraction of extracts of the 

bull, rat, human, and the four nonhuman primate testes. VariouS aliquots 

of the supernatant fractions (up to 2 mg of protein) were incubated 
125 125 overnight at room temperature with either I-hCG or I-hFSn (see 

section 2.2.10). Ani hormone-receptor comp1ex(es) formed was precipitated 

using polyethylene glycol. No significant binding (less than 1% specifie 
125 125 binding) of either I-hFSH or I-hCG was detected in 5 individual 

testicular extracts from the rat (aged 34 days) or the human (aged 16-10 

yr). Ooly the testicular supernatant fractionS derived from the four 
, 125 

nonhuman primates or the bull specifically bound I-hFSH. These 

fract+ons bound 125I_hFSH and l25I_oFSH equally weIl. None of the 

~ fractions demonstrated a capability to specifically bind l25I _hPRL , 
125 125 

I-hCG or I-oLH (less than 1% specifi~ binding). A typica1 result 
125 ' 

for I-hFSH bindi~g is shawa in Figure 3lA using the rhesus monkey as 
125 

an example. Binding of I-hF~Ji was proportiona! to the amount of 
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COMPARISON OF THE BINDING CAPACITIES 

Testis weigh t 

- ....-. - -- ...... -- - -

l TABLE 8 ' 

OF HE FSH AND LH RECEPTORS IN THE NONHUMAN PRIMATE TESTES 

Hormone binding capacity 

FSH LH(hCG) 

Species mean (g) pmo1/g testis pmolIte-sÙs~p~iTg- t;~tis ~ pmol/testis 

Rat!l.o of 
FSH/LH 
receptors/ 
testis 

Macaca fascicu1aris (3) 11.1±8.8 1.58±0.29 20.07±O.13 O. 01l±0. 002 0.13±0.03 " 154.4 
~ 

Macaca mu1atta (9) 12 .6±1. 4 1. 25±O.15 11. 60±2. 85 
, 

0.075±O.02 o. 37±O .09 31.4 

Macaca nemestrina (3) 15 .1±3. 2 0.82±O.18 11. 85±1.73 0.021±O.004 O. 32±O .05 37.0 

Papio cynocepha1us (4) 15.7 ±7. 7 1. 08±O .16 14. 56±2 .11 0.O28±O.OO7 O. 30±O. 04 48.5 

Numbers in parentheses represent the numbe~ of animaIs uti1ized for the study (two testes/animal). These 
values are for animaIs greater than 2.9 yr of age. Data was derived from Scatchard analysis of tissues 
utilizing 125I -hFSH and 125r-hCG. Values represent the mean ± SEM of at least two Scat chard plots performed 
per tissue. 

1 
Ir 

-

...., 
1.0 

'"' 



l 

1 
1 
1 
1 
1 
1 
1 
1 
J 

1 

f 

l 
\ \ "':-)tJ,:-f~1t:.t1~:,,,,>:: L"~!-... 'tff~!!t""oJ;:4', ~ .. " ...... '-/J"!"},-1';;.t~""'5')~~f'~~'!!l~"f'~"'''''~'''-',tv',t~V~,,~_<,}~,'K'' I,I~'" \'!'i.,." t" 

80 

TABLE 9 

ESTIMATION OF THE APPARENT DISSOCIATION CONSTANT (Kd) OF THE 

) GONADOTROPIN RECEPTORS IN THE NONHUMAN PRIMATE TESTES 

Apparent Dissoci~ on Constant (Kd) 

. Species FSH receptor LH rece~or 

. " 
\ 

(10-lOM) (10-1 ) 

Macaca fascicularis (3) 2.51±0.36 0.58±0.14 

Macaca mulatta (9) 2.09±0.49 0.44±0.O8 

Macaca nemestrina (3) 2 .l7±0. 36 0.29±0.O8 

Papio cynocephalus (4) 2.37±O.35 O.46±O.O3 

The numbers in parentheses represents the number of animaIs 
uti~ized for the study (two testes/animal). Values were derived 
fro~ Scatchard analysis of the tissues using l25I-hFSH and 
l25r-hCG. Data represents the mean ± SEM of at least two Scatchard 
plots per tissue (two testes/animal). The differences in Kd values 
between the FSH and LH(hCG) receptors were statistiçally s~gnificant 
for aIl species. Within the FSH or LH(hCG) receptors, the Kd values 
were not.statistically significant. 
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FIG. 31 

(A) 125 Specifie binding of I-hFSH to varying amounts 

of the testicular supernatant fraction obtained from a 

5.2 yr old rhesus monkey. Data represents the mean 

± SEM of triplicate values of one of two separate 

experiments. 

(B) Displacement of 12~I-hFSH'binding to the soluble 

FSn recepto~-like component (7~O ~g protein) by 

unlabeled hFSH. The soluble FSH receptor-like component 

was derived from the testes of a 5.2 yr old~rhesus 
125 

monkey. Uplabeled heG did not displace I-hFSH 

binding. l'-bata represents the mean ± SEM of triplicate 
1 

values ~f one of two separate experiments. 
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protein added, with saturation occurring at approximately 760 ~g protein 

( i al 20 ) Th fi bi di of l25I_hFSH was equ vent to mg testes. e speci c n ng 

compet1t1vely displaced by unlabeled hFSH in a dose dependent manner 

(Fig. 3lB). Addition of an excess of hCG (1 ~g) was ineffective in 
125 125 

displacing I-hFSH binding. Specifie binding of I-hFSH to the 

soluble binding component was variable. The supernatant fractions from 
125 

the nonhuman primates were not aIl capable of binding I-hFSH. 

Approximately 2-3% specifie binding of l25~hFSH per 20 mg equivalents 

of testicular tissue was observed, with 107. specifie binding the best result 

obtained. ~e supernatant fraction derived fram the young bull testes 

was more active than that ~repared from two adult bull testes sug~esting 

an age dependent difference. This fraction also demonstrated the higher 
125 specifie binding of I~hFSH, 13% per 2 mg of protein (equivàlent to 

" 160 mg testes) .. The act1vity of the soluble binding component from the 
.1 

-----bull or rhesus monkey testes was lost when boiled for 50 min at lOOC 

suggesting a protein nature of this component. 

2.4 Discussion 

The elucidation of the properties of the hormone-membrane bound 

receptor interaction is an essential prerequisite to gaining a full under­

standing of the relationship between the phenomenon of hormone binding 

and the intricate process of the activation of cellular events. At 

the time we initiated our studies, no data were available in the 

literature on the interaction of primate testes with FSH at the cellular 

level. We chose the rhesus monkey as our model because of aIl the non­

human primates it is the best characterized in terms of testicular 

morphology and function (206, 207). The high cost and rarity of the 

rhesus monkey for laboratory studies, impose serious constraints on the 

choice and quantity of tissues available for receptor studies. These 

constraints which have forced investigators to use other specie~ of non­

human primates as models of human reproductive function led us to 
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investigate three additiona1 species of nonhuman primates - the pig-tai1ed 

monkey (Mn), the crab-eating monkey (Mf1) and the ye110w baboon (Pc) as 

alternative mode1s of the gonadotropin-hormone receptor interaction. 

In the present study, we have identified a particu1ate fraction 

in the monkey testis which cao specifically bind hFSH or hCG. The 
125 

I-hFSH bound weIl to the particulate fraction from aIl the four 
125 species investigated. In the rhesus monkey, I-hCG bound better to 

tissues prepared from younger animaIs aged 3-6 yr (3-12% specifie binding) 

than to aIder adult animaIs aged 13 yr (less than 1% specifie binding). 

The failure to detect significant hCG binding in adu1t tissues uti1izing 

up to 900 ~g of protein could not.have b~en due to the loss of integrity 

of the labeled hormone because these preparations showed good specifie 

binding to a rat testicular prepar,ation (<Fig. 14). 

As demonstrated in the present work, frozen tissues are suitab1e 
7 

for the preparation and characterization of prfmate LH and FSH receptors. 

As there may be some sma11 initial 1088 after freezing~ our estimates of 

the gonadotropin binding capacity of the different species may have been 

slight1y underestimated. Our inability to demonstrate significant 

binding of l25I _hCG to the rhesus monkey (13 yr) testes could be due to 

the 1055 of the very low amount of the LH(hCG) receptors in the mature 

testes during the period when they were kept frozen. Whi1e studies with 

fresh tissues, especially for the LH receptor, wou1d clear1y be preferable, 

this is difficult as the1 are not easily available. 

Preliminary studies on gonadotropin binding capacities of the nonhuman 

primates was limited by the number and age of the testicular tissues 

provided to us by the various institutions. While it was possible to 

investigate the changes in testicu1ar gonadotropin receptors with 

increasing age in the rhesus monkey, definite conclusions of the age 

dependency is restricted by the limited age range studied. Nonetheless 

certain trends were observed which are consistent wlth studies on non­

primates and which will hopeful1y stimulate further work on the sUbject. 
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A comparable gonadotropin binding capacity was found for all four 

nonhuman primate species. For the rhesus monkey we determined an FSH and 

hCG (La) binding capacity of 1250 ± 154 fmoll g tes tes and 75 ± 20 fmoll g 

testes respectively. Our value for the overall hCG binding capa~ity 

of the rhesus monkey is in agreement with those reported by Davies et 

al. (185) for animals greater than 6 yr (23-146 fmol/g) and by Zaidi 

et al. (208) for animaIs aged 3.5-5.0 yr (198-355 fmel/g). However 

Zaidi et al (208) observed a 10 fold higher hCG binding capacity and 

binding affinity for their 5 yr old monkeys. Besides the fact that we 

~tudied frozen tissues, other factors such as age and variation in 

reproductive activity could have contributed to the differences in 

these results. Examination of adult female rhesus monkeys of unspecified 

age revealed a similar binding affinity to the testicular LH recep~or 

but a 30-100 fold higher LH(hCG) bindink c,apacity (209, 210); The LH 

binding capacity in these female monkeys depended o~ the stage of the 

menstrual cycle, being highest during the midluteal phase (8.9 ± 0.75' 

pmol/g) and lowest at mense~ (2.3 ± 0.3 pmol/g). 

The rhesus monkey is repdfted to be a seasonal breeder even' unde'r 

1abo~atory conditions showing ~yclic variations in hormonal profiles, 

testicular size and activity (207). The dependence of the gonadotropin 

binding capa ci ty,: but n6t binding affinity, on the particular season is 

reflected by the increased number of testicular LH rece~tors and decreased 
, 

number of FSH receptors by a tissue prepared near the end of the breeding 

season (January). In another seasonal breeder, the sheep, the stage of 

sexual activity and the number, but not affinity, of the gonadotropin 
, 

receptors is dependen~ on the particular time of year (211). The concentra-, , 

tion and total number of gonadotropin receptors per testis was highest 

before and decreased during the breeding season. Therefore it ia important 
'" Q 

to note that most of the tissues we have processed, except the baboon, 

were removed from animaIs in the summer menths, a time when the seasonal 

cycle is apparently at a lower ebb. If this was related to the low 

amount of LH(hCG) receptors the decrease might be exaggerated by freezing. 

. . 
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The four nonhuman primates are similar to the bull (79~ 212), sheep 

(211, 213), and pig (78, 79) in,having more FSH receptor~ than LH receptors . 
and differ from the mature rat (71, 77, 214) which shows a reverse trend. 

in this respect (Fig. 14). The rhesus monkey testicular FSH receptor 

is simi1ar to that of the bull (212) and rat (71, 214) in that the total 

nuIIber of FSH receptors increased aè the animal matured. The increase 

in,FSH receptors was due to the increasedÙtesticular weight. This is 

better visualized when the number of receptors is expressed as fmal/g 

testes. The concentration of FSH receptors showed a ~ignificant rise 

" from 3.0-3.9 yr (Table 7) commensurate w!th the development of puberty 

in the rhesus monkey (215). Beyond 4 yr of age the concentration of 

FSH receptors remained fairly constant. A slmilar variation is seen 

in the rat (214) where puberty is accompanied by a rapid fall, followed 

by a constant test:i:cular FSH receptor level up to 100 clays. This ia 

dramatically different from the bull (212) where the concentration of 

testicular FSH receptors progressive1y declines from b~rth. Rhesus 

monkeys can live as long as 27 yr so it is possible that studies of 

older monkeys might revea1 additional age-rel~ed changes in the con-

centration of gonadotropin receptors. v'l' 

Huhtaniemi et al (216) r~ported a value of 2780 fmol/g testes for 

a,fetal tissue of 140-160 days gestational age.~ough it is not wise 

] . 

ta draw conclusions from one value, a higher hCG binding capacity'by 

prepuberta1 testes would be consistent with data from studies on laboratory f 

animaIs. The increased LH receptor content/testes in the prepubertal ' 
Q -- , 

sheep (213), pig (78); and rat (214, 217) is due ta the increased number 

of Leydig cells and increased number of LH receptors per Leydig ce1l. 

In the ~hesus monkey (Table 7) an increase in the total number of LH 

receptors is observed until the attainment'of puberty (4 yr), again 
,:::! 

probably due to the lncrease in testicular size. However, un1ike the 

FSH rece'ptor, attainment of puberty was followed b.;y the maintenance of 

, a' constant level of hCG receptors which only decreased at 13 yr. This 

ia un1ike the pig (78) or rat (2l~ 217) where the testicular.LH receptor , 

leve1 increases aft~r puberty. However, the ~at ià slmilar in having 
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a slower rate of rise between 50 and 110 days of age (217).' The con­

centration of LH receptors in the rhesus monkey is highest at puberty, 

dec1ines after pUberty and then remains.constant up to 13 yr. A simi1ar 

pattern is observed in the pig (78) but not the rat (214, 217) a1though 

again the n1.11li:ler of LH receptors seems to 1eve1 off between 50-100 days 

of age (217). 

There was no significant change in the affinity constant of the LH 

receptor at different stages of sexua1 maturation of the rhesus monkey 

(Table 7). On the other hand, as large as a 4-5 fo1d ~ecrease in the 

binding affinity of the FSH receptor occurred with advancing age. This 

is partly analogous to thg situation in the rat (214) where no change 

in the LH receptor binding affinity but an approximate1y two fold increase 

in the FSH receptor binding affinity was observed during sexua1 matura­

tion. However, these authors point out that this difference udght,not 

be significant. A species re1ated difference in binding affinity is 

suggested by the failure to note a change in the binding affinity of 

the bull testicular FSH receptor during sexual maturation (212). 

Furthermore, in the pig (~8) and sheep (2~)"no apparent age dependent 

vari,ation in the binding affinity of the testicular gonadotropin 

receptors was noted. At aIl ages, the binding affinity of the LH 

receptor was greater than that Jf the FSH receptor in the rhesus monkey, 

analogous to the situation in the sheep (213) and rat (214). The 

difference in gonadotropin binding affinities of the fhesus monkey is 

unlikely due to storage or handling procedures because the majority of 

tissues were processed and frozen on the Same day under identical 

conditions. 

A specifie FSH but not hCG(LH) binding component was detected in 

the soluble fraction~ the bull and four nonhuman primate testes. 

Although we have not characterized this fraction in detail, ft appears 

to be similar to the FSH soluble binding component of immature bovine 

testes (96, 100). This tissue specifie calf FSH receptor-lfke component 

shared many features in common with the particulate and detergent 

solUbilized receptor such as species specificity and salt dependency . 
• 
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As yet is it not possible ta state th~t the FSH soluble binding cdmponent 

of the nonhuman primate testes is a solubilized receptor, a receptor 

component or an antibody. The source pf these soluble binding compo~ents 

ia also unknown but they could have arisen from the cell cytosol or 

cell memrane (intracellular or extracellular). The low yield and lack 

of correlation between the quantity of FSH membrane bOmld receptors and 

soluble FSH receptor-like components in the supematant fraction (data 

not shawn) argue against the cell meIrbrane being the sole source of the _ J 

soluble FSH binding components. Whereas primate testes with a large , 
quantity of LH receptors did not possess any soluble LH binding components, 

testes with comP'arable numbers of FSH receptors did possess a soluble 

FSH binding component. This is consistent with an intracellu1ar source. 
, 

Incubation of membrane extracts may be required to release this soluble ' 

LH binding component (97). Unlike the rhesus monkey, the alDOtmt of the • 

soluble FSH binding component is reported to be age dependent in the 

bull and rat and would explain the absence of these components (less 

than 1% specific binding) in adult rat (34 days) and human (16-70 yr) " 
, , 

testicular extracts (96). ' 

) . , ' 

Investigations of yOml~er human testicular supernatants may yie~d : 
" , 

a FSH soluble binding camponent. While these FSH receptor-like components , 
would, be expected to be present and interfere with hormone binding in 

o , 

tissue homogenat!es, for most; tissues their concentration is ins~:Çipf:en't 

to be responsible for the two fold lower binding ability of homogenates 

versus fractJ..on Pl. Other factors such as proteolytic enzymes and 

receptbr binding inhibitors are thought to ]?lay a major, "role i~ this 

inhibition (92, 218). 
, 

Data from the present studies ,indicate that the JSroperties of the 

adult monkey LH(hCG) and FSH'recep~ors are in many ways slmilar to those 

of the bovine and rodent species. Although the study of an interaction 

of homolQgous IIlOnkey LH and FSH with its t~s.,tis would have been highly 
i 

desi rab le), 

difficult. 

studies. 

the nonavailability of purified gonadotropins made this 

Hence, highly purified hFSH and hCG were ûsed in these 
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The 1nteract1~ df hFSH and hCG with monkey testis, l1ke that of many 

hormones w1th their receptor is bath time and temperature dependent 
125 

(Fig. 17). The t1me course of association of the I-gonadotropins 

with the monkey receptor at 34C 19 very similar to the recept;or from 

the various nomprimate testes, but considerably slower. For example 

in the rat system, maximum binding of FSH (52, 68) and LH (79) have 

been rêported to be within 3 and 8 h respectively. The monkey LH{hCG) 

testicular rece,ptor is very similar to that of the bull and pig, whose 

interaction with hCG ia slow, requiring 8-12 h of incubation at 34C 

for attainment of equilibrium (79). 

The monkey testicular LH(hCG) and FSH receptors appeal! to be quite 

sensitive to temperature. The ~apid inactivation of t:he receptor at 34C 

and 37C (Fig. 20 and 21) could ei ther be caused by some proteo1ytic 

enzyme still associated with' the semi-purified membranes or by the disrup-
'- 0 

tion of receptor structure in the free (exposed) state by thermal perturba­..... 
tions. These degradatiV'e phenomena are apparentl,y operative at 25C and 

~ 

4C. although to a ma'rkedly .1esser degree (Fig. 20 ~nd 21). The presencê 

ôf the hormone increases' thê stability of the receptor (Fig. 17). 
125 125 

Occupancy of the binding si~es by either I-hFSH or I-hCG renders 

the complex !pore', stable at the sa1œ te~erature (34C). This is clearly 

shown by data in Figure 24, in which' there was on1y about 30% qissocia-

,$ 125 h :...,' d 45% tian OI 1- FSli in 2 h and t-nis 10ss on1y margina1ly increase to '. 

after 24 h at 34C. The lOOnkey FSH receptors, with thé- e:xception of 

the pig tai1ed mo~ey (Mn') (Fig, 17)" are tmlike the human te'sticular 

hCG receptor, which yielded significant specifie hormone blnding during 

24 h of ,incubation at 37C (1'86). 
125 ' ' 

The binding of I-hFSH to, the monkey recep,tor ls not readi1y 

reversib1e as revealE!d by' da,ta' ln Figure 24. The failure of a large 

excess of unlabeled hormon~ ~dded after the formation. of 1abeled hormone­

receptor comp1ex to influence specif~c binding is clearly indicative of 
., -

, this. Whlle we have noted a. sindlar law degree of irreve~sibi1ity with 
l ' , 

the adult bovine testicular FSH receptor (219), other reports indicate 
, , 
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up to 50% dissociation in the sa,me species (2) by un1abe1ed hFSH. 

The reasons for the differences noted in bovine are not c1ear at prése.Qt." 
., 

However, in marked contrast to either the monkey testis or bovine t~stis 

nearly aIl of the botmd hormone dissociates from the rat testicu1ar J:SH 

receptor in a much shorter time at 37C (190) even in the absence of 

un.l.abe1ed hormone. These data indicate differences in the propertiès 

and nature of the FSH-testis receptor interaction in the different 
125 ' species. The irreversibil1ty of the I-hFSH binding to the motikey. 

testicular receptor is sim11ar to recent data from other 1aboratories 
125 

which have investigated the nature of the I-hCG interaction with ,rat 

testes (220 t 221). 
-

The observations ~f marked red,:,ction in the specifie bind1~g of 
125 ' ' 

I-hFSH to the monkey recept-4ilr fo11owing tréatment' with tt'ypsin' and 

phospho1ipase C but not with nuc1eases are similar to the bovine (72) , 
and rat (190) systems. These data are suggestive of a 1ipoprotein nature 

of the binding sites. Since we have on1y used partially purified membranes 

in these studies, confirmatory evidence as to othe precise nature of the 

primate FSH receptor must await Hs solubilization. 

With respect to pH, thé monkey FSH ~eceptor ap~ears to be muc~ more 

stable than the h~n testlcular hCG receptor (186) which exhibitedo a 

sharp optimum of about pH 7.8. In addition, the effects of lov (pH 5.5) 

and high (pH 9.0) pH' s on the rhesus monkey FSH re,ceptor are pàrt'ially 

reversib1e. lt i8 a1so interesting to note that the monkey FSH receptor 

éxhibited a p1;'eference for Tris-HCl buffers rather than ~'odium phosphate 

buffera (Table 5). The significance of this Is not clear at the ,present 
1 

time. The rat FSH,receptor is a1so reported to give varying degrees of 

binding depending upon different buf,fers (52) but not vith the SaDIe 

preference as the monkey receptor. 

Optimum specific bïnding of 125l_hFSH to the mohk~y receptor 

occurred in the presence of 5-10 DM MgC12 or CaC12 • The di v.a1ent cations 
-, 

are though t to neutra1ize the negati ve charge of the menDrane thus 

enabling the b inding of the physiolog!ca11y negat! ve1y ch:arged hFSH (222). 
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Induction of a conformatiortal change of the meni>rane receptor would allow 

unmasking of previously sequestered binding sites. This would explain 
+2 

the abili'ty of Mg to inerease the "binding capadty but not binding 

affinity of the calf FSK 'reteptor (222)., A biphasie effect of metal 

ions on the interaction of gonadotrbpins with their receptors has been 

re.ported fo~ the bovine (222, 223) 'and rat (190) gonads. In the immature 

pig (74) and .adult bul:i> (7Z), graded concentrations of va rio us salts did 

not affect FSH binding exeept at high concentrations, when an inhibitory 

Fffect was observed. The inabil1ty to observe stimulation at low ionie 

"conèentradons could be due to 'the presence of high endogenous levels 

of salt in the meDi>rane preparations. 

The nature of the preformed hormone-receptor complex was also studied 
\0 

by evaluating !ts ability ta tmdergo dissociation under a variety of 

conditions. While the tmlabeled hFSH was at best marginally effective , " 

in dissociating the complex (see Fig. 24), the latter was more susceptible 

to variation in pH (Fig. 25A) and MgC1
2 

concentration (Fig. 25B). About 

85% of the bound ligand was released from the rhesus monkey receptor 

within the Urst 30-60 min of incubation at 37C, when the pH was altered 

(to pH 5 or 10, see Fig. 25A) or in the presence of 0.5 M MgC1
2 

(Fig. 25B). 

The ability of MgC12 to dissociate botmd hCG or LH from rat testic~ar 

receptors has been reported (221, 224). Various meta1 ions besides 

MgC12 are important for stable hormone receptor interaction. Monovalent 
+ 

i.ons, such as Na are reported to alter the binding affinity of the 

gonadotropin receptor thereby enhancing dissociation of the hormone­

receptor complex (100). EDTA, a metal ion che1ator, eaused rapiçl 

dissociation of the hormone receptor complex (100). 

Similar to the interaction of hCG with rat Leydig cells (220, 221), 

a part of the hFSH-primate receptor comp~ex is also resistant to 'dissocia­

tion, at physiological pH and temperature. This is c1early evident from 

Figur~ 24 in which the remaining 50i. of the bound hFSH could not be 

released even after incubation for as long a period as 12-24 h at 37C. 

Whethe r or not' the tigh tness 0 f the hormone bitnding ta t:he recep tor is 

a time dependent phenollEnon has not been aseertained in the present 
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study. The implications of 8uch a tight binding of the hormone ta the 

receptor i8 not clear and requires further ~gat1on. Lt is worthy 

of note that the interaction of several protein.hormone ligands 8uch 

as hGH (225), prl (226) and rSB (227) 'with their respective rec·eptors 

have also been shown to be not completely revérs1ble. 
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CHAPTER 3 

HUMAN TESTICULAR GONADOTROPIN RECEPTORS 

3.1 Introduction 

The molecular mechanisms involved in hormone action can be c1early 

defined by elucidating the structural features of the ho~one as weIl 

as the cellular processes in the target tissue. The initial eveht of 

a peptide-protein hormone action is mediated by interaction with 

specifie high affinity sites on the plasma membrane of the cell. The 

identification of surface receptors for g~nadotropins in ovarian and 

testicu1ar tissue from many species Ü83, "184) is consistent with this 

concept. During the last decade, major advances have been made in our 

understanding of the structural organization of th~.human pituitary 

gonadotropic hormones LH, FSH and placenta1 hCG, including their amine 

acid sequence and a'rrangement of' the carbohydrate units (14). Unfor­

tuna tely, very few studies 'have been done with human gonadotropin 

recep tors.. However, the basic propertïes of the gonadotropin-gonadal 

receptor interaction, have been weIl characterized'in many laboratory 

and domestic animal species <t83, 184). While these data are valuable 

in designing appropriate 'meth~gy for study of primate gonadotropin . 
receptors, it is difficult to know how much of the nonprimate data ~y 

be -'relevant to man. J Several recent investigations have shown the 

presence of specifi~ binding sites for hCG(LH) in monkey (185) and human , 
(174, 186-188) te~tes. Specifie FSH binding sites (receptors) in human 

testis have not previously been studied-. ln an attempt te underatand the 

natùre of the primate gonadotropin receptors in the testis, a comparative 

study was launched using tissue from humans and several species of monkeys 

(194-196) . Preliminary results of this investigation were recently 

\ 
,-

present.ed (228, 229). 
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3.2 Materia1s and Methods 

3.2.1 Hormones 
/ 

A11 the hormones used in these investigations were highly purified. 

Human FSH, its subunits, ovine FSH, ovine LR, bovine LH, hCG, its sub­

units, human growth hormone (hGH) and human thyroid stimulating hormone 

(hTSR) were prepared i11 our laboratory (197-200). hCG (CRl19), hLH 

(iodination grade), rat FSH (iodination grade) and rat LR (iodination 

grade) were aIl suppl1ed by the NIADDK, NIR, Bethesda, Md. Ovine 

prolactin (35 IU/mg) was from Dr. C.R. Li, Univ. of California, San' 

Francisco, Ca; human prolactin from Dr. R.G. Friesen, Univ. of Manitoba, 

Winnipeg, Man; equine FSR (100 x NIH-FSH-SlO) from Dr. T. Landefeld, 

Univ. of Michigan, Ann Arbor, Mi; and porcine FSR (12.4 x NIH-FSH-SlO) 

was a gift of Dr. R.J. Ryan,'Mayo Clinic, Rochester, Mn. Synthetic 

luteinizing hormone releasing hormone (LHRH) was obtained from Ayerst 

Laboratories, Montreal, Que. 

3.2.2 Chemicals 

Lac toperoxidase, bac! trac1b.,· l':"chloro-3-tdsy1amido-7 -amino-L-2-

h~ptanone (TLCK), and bovine serum albumin ~BSA), were purchased from 

Sigma, St. Louis, Mo. AlI other chemicals were of reagent grade from 

Fisher Scientific Company, Montreal, Que. 

3.2.3 Testicular tissues 

Fresh human testicular tissue was obtained from patients undergoing 

orchidectomy in 10.cal hospitals'. Tissue was also collected from. indi­

viduals of various ages with!n 12 h post mortem. No significant 

differences in binding properties were noticeable between surgieal or 

autopsy 1ll8terial. Monkey testes vere collected at surgery, frozen on 

dry ice and sent to us from the Regional Primate Research Center--at the 

University of Washington, Seattle, USA., Testicular tissue from adult 
t 

rats was collected in the 1aboratory and testes from mature bulls vas 

obtained fram the local abbatoir. The hospitals which supplied us with 
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pie ces of human testicular tissue did not possess the facilities to 

quick-freeze the tissues in liquid nitrogen or store them at -70C. As 

tissues became available they were used immediately or stored at -zoe 
until they could\be picked up (maximum of 5 day~). The number of FSH 

and LH receptors as assessed in the Pl fractions showed no dramatic 

decrease during the first 5 days of freezing. Routinely when the 

testicular tissue was not immediate1y used, it was frozen at -70C. 

After 1 year of freezing at -70C or lyophi1ization, the subcel1ular 

fraction Pl did not differ significantly in gonadotropin b1nding capacity 

or binding affinity from when it was first prepared. Losses in gonado­

tropin binding ability are mainly due to repeated freezing and thawing 

of the samples so this was kept to a minimum (less th'an 2 times). Human 

tissues were processed within one month of their collection. 

3.2.4 Preparation of subcellular fractions from primate testes 

Frozen individual testes of known weight were thawed under a s.tream 

of~lowing cold air and decapsulated. AlI subsequent steps were performe~ 

at 4C. To facilitate homogenization, the testes were minced with 

scissors. rinsed and suspended in 25 mM Tris-HCl buffer, pH 7.2 containing 

100 mM sucrose (4 mI/g of tissue). The minced tissues were mechanically 

homogenized using a Tekmar tissuemizer set at <la low speed setting using 

2-3 pulses of 10-15 seconds duration. As preliminary experiments 

revealed no difference between hand and Tekmar mechanica1 hamogenization, 

the latter method of hand1ing was used for aIl the studies. The homo­

genate (Hl) in each case was filtered through 4 layers of cheesecloth 

and the filtrate was centrifuged at 40,000 x g for 1 h. The resu1tant 

pellet (Pl) was resuspended in the buffer by dispersion using 8 strokes 

in a tight fitting glass Dounce Homogeni~e~ (1 g per 2 ml of 25 mM 

·Tris~HCl buffer, pH 7.2 containing 10 mM MgCIZ)' Centrifugation of the 

supernatant at 140,000 x g for 1 h did not significant1y increase the 

protein yield. Samples were stored in aliquots at -70C. Prior to assay, 

the fractions were again gently homogenized in the as say buffer to obtain 

a uniform suspènsion. Protein content was assessed as previously 

described in Chapter 2, (see, section 2.2.5). 
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3.2.5 Iodination of hormones 

125 
Honmones were labeled with l by the lactoperoxidase method (201, 

125 
203) using carrier free Na l (Amersham Ine., 111.) as previously 

described in Chapter 2 (see Section 2.2.6). The labeled hormones were 

purified by gel filtration on Sephadex G-lOO and preserved in aliquots 

at -70C until use. They were generally used within two weeks of prepara­

tion. The specifie activities of the labeled hormones were in the 

range of 60-100 llCi per llg. 

125 
3.2.6 Binding of - I-labeled gonadotropins to testicular fractions 

125 
Tests for specifie binding of I-labeled hormones to the gonado-

tropin reeeptor were carried out in duplicates or triplicates in 

disposable 10 x 75 mm po1ystyrene tubes. Each tube contained approxi-
,~ 125 ~ 

1lIa~ely 50,000 cpm (approximately 400 pg) I-labeled hormone, various 

amounts (Ug protein equivalent) of the testicular fractions and 100 Ul 

of the unlabeled hormone and/or sssay buffer to constitute a final 

volume of 250 III per tube. The aasay buffer consisted of 25 mM Tris­

Hql buffer, pH 7.2 c;ontaining 0.1% BSA, 10 mM MgC12 and 0.6 mM 

bacitracin. F~llowing the various additions, the tubes were vortexed 

and incubated in a continuously shaking Dubnoff water bath for, 8 h at 

34C or 16 h at 25C. The reaction was terminated by thé addition of 

2 ml of chilled assay buffer or 200 Ul bovine gamma globulin (5 mg/ml) 

plus 1 ml polyethylene glycol solution (MW 6000) (see section 2.2.10). 

Pelleting was aecomplished by centrifugation at 2900 x g for 15 min at 

4C in a taèle top IEC clinical centrifuge. The supernatant was removed 
!D 

by aspiration under vacu\.DD and the radioactivity in the pellet was 

determined in an LKB rackgamma Il çounter (counting efficiency 70%). . . 
In aIl c:~ses, nonspeci;ic b inding was determined in the presence of a 

1000 fold excess of respective unlabeled hormone. The differenee between 

the total radioaetivity bound and nonspecific binding was defined as the 

amount speeifically bound and expressed as a percentage of the total 

cOUnts put into the tubes. AlI variatiotas in this procedure with respect 

to handling, temperature, mediun, and processing not mentioned in the 

methods section are tndicated at appropriate sections in the results. 

, , 
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3.2.7 Prolaetin binding 

125 The integrity of the I-labeled human prolaetin (hPRL) was 

assessed using a liver homogenate from pseudopregnant rabbits (obtained 

fromTIr. M. Kahn, MeGill University, Montreal, Que.) and a homogenate of 

granulosa cells from pig follieles (prepared in this laboratory) which 

were both rich in specifie prolactin receptors. The presence of 

prolactin binding sites was investigated in the testicular subceIIular 

fraction Pl of the human, rhesus monkey and yellow baboon. Briefly, 
125 

approximately 50,000 cpm of I-hPRL was ineubated with 100-300 ~g 

protein, in the presence and absence of un1abeled hPRL, in a final 

incubation volume of 250 ~l. After an incubation of 3 h (34C) the reaction 

'was stopped by adding 2 ml of chil1ed assay buffer, centrifuged and 

counted. 

3.2.8 Dissociation reaction 

The testicular receptor hormone complex was first formed by incubating 

100-300 ~g protein equivalent of the subcellular fraction Pl with l25I_hFSH 

or 125I _hCG in a total volume of 200 ~l for 15 h at 25C. To each tube 

was then added 50 ~l of the assaYQbuffer of desired pH and molarity in 

the presence or absence of unlabeled hormone. The tubes were then 

vortexed ta ensure proper dispersion o~ the pellet and incubated further 

at the desired temperature (see results). At specifie intervals, osamples 

were removed, diluted with 2 ml of assay buffer at 4C and centrifuged and 

processed as above. The supernatant was removed and radioactivity in 

the pellet was determined. 

3.2.9 Temperature stabi1ity of the receptor and radiolabeled hormone 

A 100 ~l aliquot of the receptor fraction Pl (100-300 ~g protein) was 

preincubated at different temperatures for various periods of time in the 

presence or absence of 1 mM baeitracin or TLCK. At specifie time inter­

vals radiolabeled hCG or hFSH was added in the presence or absence of a 

500 fold excess of the respective unlabeled hormone. The volume was 

: 
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made up to 250 ~l with the aasay buffer and the binding ability of the 

pretreated receptor fraction eva1uated by performing a 4-h binding 

assay at 34C. Tubes were processed by centrifug~tion or by polyethylene 

glycol precipitation (see section 3.2.6). The reason for the decreased 

binding of the gonadotropic hormones, i.e. inactivation of the receptor 

and/or radio1sb~led hormone, was a1so studied. In these expertments, 

the testicu1ar receptor fraction Pl was pre~ncubated in a volume of 

150 }lI at 34C for either 8 h or 15 h in order to achieve at 1east a 50% 
125 loss of I-labeled hCG and hFSH binding respective1y. As a control, 

an identica1 set of tubes was preincubated for the same length of time 

at 4C. The tubes (set nI) were then centrifuged at 2900 x g for'lO min 

at 4C. The supernatant (100 ~1), containing any degradative enzyme 
• 

activity, was removed and added to another set of tubes (set H2). Tubes 
125 • from set fil were resuspenœd with 200 ~1 assay puffer containing I-hFSR 

125 . ' 
or I-hCG in the presence or absence of a 500 fo1d excess of the 

respective unlabe1ed hormone. To the 160 ~l of the supernatant fraction 

in set H2 was added 50 VI of the original receptor (fresh) and 100 ~l 
l2~- 125' 

of I-hFSH or ~ I-hCG in the presence or absence of a 500 fo1d excess 

of the respective unlabeled hormone. Both sets were vortexed to resuspend . 
the pellet and incubated for 4 h at 34C. At the end of the second incuba-

tion, on1y the reaction in set #'1 was stopped by adding 2 ml chilled 

assay buffer. The ~o 'sets of tubes were centrifuged and the supernatant 

removed from set Hl by aspiration. An aliquot of the supernatant (200 ~l) 

was removed from the second set of tubes and ad,ded to a third set. Tubes 

of set #2 were then washed with 2 ml chil+ed assay buffer, centrifuged, 

aspirated and counted. Set #3 tubes received fresh bull (FSH assay) or 
. '. 125 125 

rat (hCG assay) testicular receptor and I-hFSH or I-hCG in the 

presence or absence of a 500 fold excess of the respective un1ab~led 

hormone (final volume 3~0.1l~~. After a third incubation of 2 h at 34~. 

tubes were c~ntrifuged, aspirated an/. counted. AlI incubations were 

done in triplicate with the approprlate controls. 
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3.2.10 Assessment of the gonadotropin binding inhibitory activity OI 

testicular extracts (140,000 x g supernatant) 

Bdefly, aliquots of the testicular supernatant fractipn .wer~ 
125 

assessed for their ability ta inhibit I-hCG binding to a rat .test:f..cu1ar 
125 

LH receptor and I-hFSH binding to a bull testicular FSH receptor. , 
Incubations were for 2 h at 34C in a final volume of 250 ~l. The' . 
effects of preincubaUon of the gonadotropin receptor with the testicular 

supernatants on gonadotropin binding was also determined.. In the.ae 

experiments the rat or bull gonadotropin receptor pre1?aration was first 

incubated with the desired testicular supernatant lraction f~r 2 h at 

34C. The tubes were then washed once with assay buffer to remève the 

supernatant fractions and the membrane pellet recovered by oentrifugation. 

The membranes were resuspended in assay buffer in the -presence of 

l25I _hCG or 125I_hFSH to reconstitute the original volume' (:l50' ·ll~). A , . 
second incubation of 2 h at 34C was then performed to ass~ss the effects 

of this treatment on the ;-eceptor. 

,-
3.2.11 Assessment of the gonadotropin binding capacity of the human testes 

4 

The binding capacity of th~ human testicular t,~ssues were determined 

by Scatchard analysis (205) and/o; saturation analysis (212, 230). 

Briefly, for saturation analysis {ndiVidual tissues (2bO~~0 ,Îlg) were 

incubated for 15 h at 2SC '-'ith a ~.turating concentration, of the radio­

labeled hormone {l ng). Nonspecific binding was. assessed by the addition 

of a 500 fold excess of unlabeled hormoné (250 III final volume). The '. 

amount of radiolabeled hormone specifically bound ,was 7hen compared to 

a standard curve. This standard curve was generated by incubating the 

radiolabeled hormone with increasing concentrations of human testis ,(Pl) of 

known recep tor concentration. The binding capacity of the standard 

tissue was determined by Scatchard analysis. Using either method, 

comparable values for the nunber of unoccupied binding sites was obtained. 

Saturation analysis allowed the processing of a large number of tissues 

with on1y a minor expenditure of time and tissues. 

/ 

, , 



" r , ~ 
1 
1 
1 
1 
1 

-1 
-1 

1 
1 
i 

99 

" 

3.2.12 Statist:ical analysis 

Data were anaIyzed for significance by Student 1 s 1 t' test. Disp1ace­

ment curves were tested for parallelism and Scatchard plots performed , 
using a programmable Hewlett-Paekard desk top calcuil.ator. 

3.3 Results 

3.3.1 
; 

Distribution of gonadotropin bindul8 sites in human testis 

and ot:her tissue~ 

The presence of gonadotropin receptors was asseséed in testicular 

and nontarget tissues obtained from a 50-yr old man. The ti~sues wer~ 
~/ 

processed (see section 3.2.4) and diluted to yield approximately 30,1I1g 

fraction Hl and 16 mg fraction Pl.per gram of intact tissue. Signifleant 
125 • 

specifie binding of l-Iabeled heG, hLH and hFSH was de teeted in' both 

homogenates and a 40,000 x g subeellular fraètion prepared from the 

testes. Gonadotropin binding was. proportional to the amotmt of testicu1ar 

protein (fraction Pl, see Fig. 32) added. About 70-80% of the radio­

labe1ed hFSa and hCG associated with the pelle"t: represented specifically 

bound hormone but with radiolabeled hLH only about 50% could be disp1aced 
a 

by the unlabeled hormone. This is different fro~ the rat testicular 

receptor(s) where approximately 70-80% specifie binding was obtained with 

aIl the three, labe1ed h.ormenes. Testicular fraction Pl showed a two fold 

enhanced binding aetivity ever the crude homogenate for aIl three genado­

tropi?s. The very low and often undetectable hinding of aIl three radiQ-, 

labeled gonadotropins by subcellular fractions prepared from ether tissues 

Cliver. ,spleen. lung, pancreas, inteltine" muscle. thyr6id and kid~ey) . 
suggests.1oca1ization of the gonadotropin receptors on1y in th~ testis. 

Further addition of up to 700 ,}lg o~ protein (equivalent to 49 mg wet 

weight of intact tissue) only resu1ted in increased nonspecific binding, 

without showing an increase in specifie b~ of- the gonadotropins. 
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FIG. 32 

Specifie binding of radiolabeled human gonadotropins (hFSH, 

hLH, hCG) to particulate fractions (Pl) of adult human 

(50-70 Yr.) testis (e .), liver (G--G) ând spleen (ir--A). 0 

VarioUB amounts of tissues were incubated with approximately 

( . ~ - 125 
0.4 ng 50,000 epM) of I-labeledQhormone in the absence 

or presence of t~e respective unlabeled preparations (100 ng) 

for 8 h at 34C. The incubation was done in 250 ]11 of 25 mM 

Tr~s-HCl buffer, pH 7.2 containing 10 mM MgClz' 0.1% BSA 

and 0.6 mM bacitraein. The specifie binding of 1 fmal of 

labeled hormone represents 36.7 pg of hCG and 30 pg of hLH 

an~hFSH. In this and aIl other figures the data points 

show the mean ± SEM of triplicate incubations of at least 
~ ~. 
two separate experiments. 
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3.3.2 Optimum gonadotropin pinding conditions , 

At 34C, specifie btQding 'of the gonadotropins occurred rapid1y 

during th~ first tW9 bours o.f, incubation, .reaçhing a maximUm in 8-10 h , . 

(Fig. 33)~ Maximum hormone-r~ceptor comp1e~ formation requ~red more 

, ti~e at 25C -(12 h) 'and did no,t".à'ttain: a maximum after 24 h 'at 4C '(,fig. '34) • 
• 

The LH and FSH receptors 'showed' si'Qli,1ar b!nding. characteristi~s at 37C 

and 34C. Further incubation beyond l2 h at 34C' (fig. 33 and 34) 

resulted in decreased specifie hormone binding possibly due to inactiva­

ti.on or degradation of the :çecep'tor by temperature andlor enzymes. 
125 l ' 

Sp~cific binding of I-hFSH to the human testicular FSH rec~ptot was 
\ 

also salt and pH depende~t (fig. ~.s an~ 36)'.' Optimum bindirig occtttred 

in 'the presence oL 5-10 mM ~gC12 ~r CaC12 'at pH 6~5-7.5. 
" , 

3.j.3 ,Diss6ciation of the preformed hormone-re~eptors'complex 
6 

125 i25 , ' 
The dissociation of either I-hFSH or ,I-hCG ftom,their human 

testicular' reoeptor s:1.te(s) litas depende~t on th,e Ume, telD.l>erature, pH. 

and ionie, concentration :ôf the in~ubat:ton medium', (fig., 37 and ;38). 

DissOciat;on at a11 temperatures stu~i~d, in, the pres~nce or absence <, 

of a 1000 fo1p mo1ar excess of unlabe1ed h?rmone was a slow pro cess , 
just as wa5 observed fo~' the rhesus monkey (fig. 25). Whi1e 1/4 of the , , 
hormone receptor comp1e~ dissociated within the ~irst 2,h, prolongation 

, , 
of'the incubation up to 4-8 h was nec~ssary to achieve an additiona1 

20-25% decrease at 34C -(fig. 37'). Inèreasing the ioni~ strengt;:h "or pH 
, '125 

of ~he incubation medium marked1y enhanced the disso~iat~on of I~hCG 

and 125I_hFSH from the preformed comp1ex, (fig. 38),. Witl:l either' gonado-. 
trop,in receptor, a high sa;Lt concentration (400 mM MgC12) was the ~.st 

effeGtive agent f9r enhanefng pissociat~on of ~he ho~~ne receptor 

complexe Approximate1y 80% of the hormone was specifica11y dissociate~ 
, 

from the receptor within 2 h. Interesting1y, the FSH receptor appeared 

less suscepti~le to the effects of low pH (pR'~.O) tnan the LR(h~ 

reeeptor. 
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FIG. 33 

Time course of the binding of 1abeled hLH, hCG and hFSH to huma'I1 

testicular f,raction Pl obtained from adu1t males (20-70 yr). The 

22 

;Lncubation conditions except for time were the same as in Fig. 32. " 

The maximum binding attained in each, instanc~ was set as, 100%. Thus 

100% binding represents 4%, 8% and ~1% specifie binding of radio1abe1ed .. 
hLH, hCG and hFSH to 20.5, 11.2 and 12.9 mg equiva1ents of intact 

testicular tissue respectively (100-300 ~g protein). The differences 
125 '125 125 between I-hLH,' I-hCG and I-hFSH binding patter~8 after 8 h 

were reproducible. 
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FIG. 34 
.., ' 125 

Temperature dependence of the associatipn of I-hFSH (A: top panel), 

125I-hCG .(B: midd1e panel) and 125r-hUl (C: bottom panel) to 100-300 llg 

protein 0:1; testicular fracti0Il; Pl obtained from a 46 yr, 50 yr and 

20 yr old man respectiveIy. Specifi& binding w~s determined at the 

indicated time interva1s. 



Il 

'. 

1 } 
~ 

FIG. 35 

Effect of the ionic environment on the interaction of 

125I-hFSH with 150 Ug of testicular fraction Pl obtaine4 

from a 73 yr old man. All incubations were carried dut 

at 34C t'or 8 h in the regular assay buffer at pli 7.2 but 

with varying concentrations of the salts as inqicated 

in the figure. The maximum specifie bindi!g (8% specifie ~ 

binding) obtained in the pres\pce of 10 mM MgC12 was set 

as 100% for comparison. 
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FIG. 36 

Effect of pH of the incubation medium on the interaction 

of l25I_hFSH with 50-100 ~g testicular fraction Pl. Each 

set of incubations were carried out at 34C for 8 h in the 

respective buffers indicated, in the presence of 10 mM 

MgC12 and 0.17. BSA. The maximum specifie bi"nding (8%' 

specifie binding) obtained with 25 mM Tri~HC1 at pH 7.0 

was set as 100% for comparison. Data represents the 

mean ± SEM of trip1icate determinations of two separate 

experiments on testicu1ar fraction Pl from a 46 and 

62 yr old in dl vidua1. 
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FIG. 37 

Effect of temperature and lUllabele,d hormone on the 

dissociation of l25I _hCG (A: top panel) and l251_hFSH 

(B: bottom p~el) from 45 and 85 ~g respectively of 

testicular fraction Pl obtained from two adult men 

(50 and 46 yr respectively). The preformed 125I-hFSH_ 

receptor complex formed by incubation for 15 h at 25C 

was re-incubated at different temperatures for various 

times ~n the presence (broken lines) or absence (solid 

1ines) of a 500-fold excess of lUllabeled hormone. The 

binding obtained at the beginning of the second incubation, 

4% and 6% specifie binding f~r 125I _hCG and 125I_hFSB 

respective1y, was set as 100%. The nonspecific binding 

of l25I_hCG.and 125I_hFSH amounted to 60% and 23% 

respectively'of the total cOlUlts bOlUld to the gonadotropin 
\ 

receptor. Data represents' the mean ± SEM of trip11cate 

determinations of one of at. least two separate experiments,. 
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FIG. 38 

Dissociation of the preformed hormone receptor comp1ex as 

a function of the pH and ionic concentration of the 
125 incubation medium. The I-hCG (A: top panel) and 

125 I-hFSH (B: bottom panel) receptor complex ~as formed 

with 100-200 ~g testicular fraction Pl from an individual 

aged 52 and 54 yr respectively as ind1cated in Fig. 37. 

-The binding obtained at the beginhing of the second 
, 125 

incubation, 4% and-14% specifie binding for I-hCG 
125 and I-hFSH respectively, was set as 100%. The non-

'125 125 
specific.binding of I-hCG and I-hFSH amounted to 

75% and 20% respective1y of the total count~ bound to 

the gonadotropin reeeptor. Data represents the Mean ± 

SEM of trip1icate ~eterminations of one of at 1east two 

separate experiments. The fo1lowing buffers (aIl at 

25 mM containing 0.1% BSA and 0.6 mM bacitracin) were 

used: (1) T~is-HCl ouffêr-,--p-g--7.-2-+ ro 'mM -MgéI;:--
(2) Tris-HCl buffer, pH 7.2 + 400 mM MgC12 , 

(3) Aceta~e buffer, pH 5.0 + 10 mM MgC12 , 

(4), carQ<?na.te-biCar?o~ate buffer, pH 9.5 + 10 ,mM MgC12 t 
(5) Tris-~èl 15uffer~ __ pH 7.2 + 10 mM MgC12 + 500 ng 

un1abeled hCG, (6) Tris-Rel_buffer, pH 7.2 + 10 mM 

MgC12 ~ 500 ng unlabeled hFSH. 
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3.3.4 Temperature lability of the.gonadotropin receptorS 

The lability of the gonadotropin receptors were first . . 
incubating the Pl fraction at d!fferent temperatures. At various time 

intervals (fig. 39A and 39B)~ hormone binding was evaluated Py a second" 

inciPation of 4 h at 34C with fresh labeled hormone. Both FSH and LH , 
recaptors were stable at 4C for about 1-2 days. At other temperatures 

there wasoa marked"difference in sta~ility of the FSH and LB receptors. 

The t, of the FSH and LB rec~ptors a~ 25C, 34C and 37C'were 30 h, 14 h, 

9 h and Il h, 4 h, 2 h respective1y. 

If the decreased binding of the 125I_labeled gonadotropins is due 

to the release of d~gra~tive enzymes into the incubation medium, then 

removal or ne~r~atiort of tlese enzymes should restore hormone 

binding. Inclusion o~ bacitracin (MW 1411), an antibiotic polypeptide 

produced by Baci1lus subtilis, or. TLCK (MW 369), an inhibitor of tryps,in 

activity, at a dase (1 mM) which does not Interfere with gonadotropin 

binding (fig. 40) did not prevent the loss of binding at 34C of 125I _hCG 
125 

or I-hFSH by, the subcellular frac~ion Pl. Precipitation with poly-

ethylene glycol did not enhance gonadotropin binding indicating that 
(;."/" 

the decreased binding was not due to temperature dependent solubilization 
• ... 'ft.- ~ 

of the receptors. Removfl and replacement of the incubation medi~ after 

preincubation of the subcellular fraction Pl (first incubation) also did 

not restore gonado~ropin binding. If the supernatant fraction from this 

firet incubation was added to a fresh human testicular FSH receptor 

preparation, the s~pern~~ant fraction of the 34C, but not the 4C incuba­

tion, possessed some FSH binding inhibitory activity. This inhibitory 

activity was low and variable (5-20% inhibition). Though this inhibitory 

factor might play some raIe in th~ decreased binding of the gonadotropins 

to the gonadotropin receptor, it cannot completely account for the 

observed 60-80% loss of gonadotropin binding. 'Possibly the best evidence' 

for a specifie inactivation of the gonadotropin receptor is that the 

same/radiolabeled hormone (125r_hCG or l25r _hFSH) which failed to bi~d . ' 
to the pretreated receptor fraction of the human, rhesus monkey or yellow 

Dacoan testes was capable of i~~eracting with a fresh receptor prepara­

tion (90-100% original activity).' 
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FIG. 39 
\) 

Effect of preincubation on the integrity of the human 
125 

gonadotropin receptor. I-hFSH (A: top panel) 

binding to 200 ~g 

(equivalent to 13 

yr old individual. 

protein of testicular fraction Pl 

mg wet weight of testis)~from a 46 
125 I-hCG (B: ,bottom panel) binding 

to 100 ~g proteln of testicular fraction Pl (equivalent 

to 8 mg wet~weight of testis) from a 50 yr old individual. , 
The Pl fraction of the testis was incubated in,'the assay 

Duffer at different temperatures and at various intervals 

the ability of the Pl fraction to specifically:bind the 

radiolabeled gonadotropins was assessed in a second 

incubation carried out at 34C for 4 h. The maximum 

specifie binding of 8% in A (top panel) and 5% in 

B (bottom panel) was considered as 100% for aIl the 
125 calculations. The I-,labeled hormônes do not suffer 

any inactivation at 37C for 24-48 h (not shown). 
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FIG. 40 

Displacement of 125I_hFSH GA: top panel) and 125I _hCG 

<}3: bottom panel) bindins ta 100 llg and 200 Ils 

respectively of human tesUcular fractïon Pl by 

increaltng concentrations of bacitracin. The maximum 
\ 125' 

binding (11% and 10% specifie binding for I-hFSH 

and 125I _hCG respectively) was set as 100%. Testieu1ar 
'125 125 

tissues were derived,for I-hFSH and I-hCG binding 

from two indiV'iduals aged 51 yr and 76 yr respecti ve1y. 

Similar1y, TLCK at a con'centration of up to 11IlM did not 
125 

Interfere with l-labeled gonadotropin binding. 
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3.3.5 Gonadotropin receptor binding inhibitors 

The ability o~ the human te~ticular subcellular fraction (Pl) upon 

incubation to release an FSH binding inhibitory factor into'the incuba­

tion medium (sectioq 3.3.4) prompted an inNestigation of the supernaÊànt 

fraction (140,000 x<g) of testicular extracts to detennine if they 

possessed a similar -factor. Aliquots of the testicular supernatant 

fraction from several adult species (rhesus monkeY"human, rat, bull) 

inhibited the binding of 12SI _hCG and 125r_hFSH to their respective 

receptors (fig. 41) in a dose dependent manner. Though it would have 

been preferable to assess the.inhibitory-activity o~ the supernatant 

fractions of the primate testes wi~h a primate receptor this was not 

possible due to the limited quantity of primate gonadotropin receptor 

material available. At equivalent concentrations of the rhesus monkey 

or human testicular supernatant fract~ons comparable inhibition of 

:25I _hCG and 125I_hFSH binding was observed. At the highest concentration 

tried, a 40% inhibition of gonadotrop~n binding was obtained (fig. 4lA ·and 

41B). With the rat and to some extent the bull, there appeared ta be 

a disparity between the extent of inhibition of l25I _hCG and 125I_hFSH 

binding (fig" 41C and.4ID). Preincubation of the two testicular receptor 

preparations with the supernatant fractions of the various,species, 

followed by their removal upon washing the testicular membranes, abolished 

the inhibitory effect qf the supernatants. Thus the inhibid.'on of gonado-
" tropin binding by the.super~tant fractions appears to be reversible, 

occurs without dB;mag'ing the receptor, and is dependent on the continued 

presen~e of this unknown inhibitory factor. 

3.3.6 Assessment of the number of gonadotropin receptors 

125 
Specifie binding of I-labeled gonadotropins ta fraction Pl from 

~ 

a 50-yr old man was proportional to the amount of'labe1ed hormone added 

to the incubation medium (fig. 42). The similarity in the pat~ern of 

binding for 125I _hLH and l25I_hC~ as weIl as their disp1acement by either 

hormone suggests that they share the same,receptor(~). Saturation o~ 

binding sites occurred at 1.0-2.0 ng of hormone added. Analysis of data 
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Effect of ~arying amounts of the 140,000 x g testicular supernatant 

, 

. 125 
from the human, rbesus monkey, rat and bull on the bin4ing of I-hCG 

and,125I_hFSH to the rat and bull te~ticular receptor respeetively. 
. 125 125 ' 

The--maximum bi~ding (25% specifie binding for I-hCG and I-hFSH 

to ISO and 75 ~g prot~in respective1y) was set as 1007.. 

i. 
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FIG. 42 

Specifie binding of increasing concentrations of radio­

laheled gonadatropins to a testicular fraction (Pl) 

prepared from a 50yr ald man. 125I _hLH (A: top panel) 

with 110 ~g protein equivalent of receptor (Pl). 

l25I_hFSH (B: bottom panel) with 55 ~g protein equivalent 

of receptor (Pl). Nonspecific binding for each point 

was determined in the presence of a 500 fald molar excess 

of the unlabeled hormone. Inset in each panel shows the 

Scatchard plot of the binding data. The reciprocal of 

the negative slope of the line yields the apparent 

dissociation constant (Kd) and the intercept on the 

abscissa yi'elds the total amount of labeled hormone bound 

in picograms (pg), which is used ta express the number c;>f 

receptors. The number of binding si tes for LH and hFSH 

were 2.7 and 3.6 fmol/IDD ~g protein respectively, which 

is equivalent tô 210 and 283 pmol/g of testes. 
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by Scat chard plots provided the number of receptors (n) and the apparent 

dissociation constant (Kd) (see' insert fig. 42). For these calculations, 

the molecular weight of hFSR and hLH was considered to be 30,000 and 

that of hCG was 36 ;700. The Scatchard plots for hLH and hCG in this 

individual were nearly identical, with the number of receptors being 
-~- ' 

2.7 and 2.9 fmol per 100 ~g protein, respectively (equiva1ent to 210 

and 231 fmol per gram of testes). The number of FSH receptors was 

3.6 fmo·l per 100 1.1g, protein or 283 fmol per gram of testis. The dis­

sociation constants calculated for aIl three gonadotropins were similar 

• (hCG: Kd = 1.02 x 10-lOM, hLH: Kd = 1.05 x 10-lOM, hFSH: Kd = 1.28 x 

IO-lOM) • 

Comparison of the number of testicQlar gona'Ciotropin receptors in 

a larger sample population (17 tiss~s) yielded no significant difference 

in the numbe~of LH receptors using either l25I _hCG (115.41±15.74 fmol 
, 125 

per gram gi testes) or I-hLH (122.29±13.09 fmol per gram of testes). 

As beiore there was a significantly greater number of FSH receptors 

C349.94±32.15 fmol per gram of testes). The dissociation constants (Kd) 

calculated for a11 three gonadotropins were again similar (hCG: Kd = 
1.21±O.12 x 10-lOM, hLH: Kd = 1.34±O.07 x IO-IOM, hFSH: Kd = 1.37±O.08 x 
10-IOM) • 

In a11, the FSH and LH binding capacity was determined ~n 71 and 
125 125 

60 testicular tissues respectively utilizing I-hFSH and I-hLH. 

AlI tissùes were from individuals greater than 16 yr of age (postpubertal). 

From an analysis 

eight major a~e 

binding data, the tissues were di vided into 

With the ,exception of group one, groups were 

of 10 yr durati 43 and Table 10). The number of FSH receptors 

was highest in the first age group studied (16-20 yr). Al~hough there 

was a tendency for the number of FSH receptors to decrease with advancing 

age, no significant difference was observed be'tween groups 2-7. The 

sharp ~ecline in FSH receptors observed in group 2 (21-30 yr) and 

group 8 (81-9~ yr) could be a ref1ection of the smaii sample size (less 

than 4 tissues). Similar to the FSH receptor, the number of LH receptors 

remained constant up to 60 yr if the drop in LH receptor levels in 

group 2 is again assumed to reflect the small sample size. Following 

" 
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FIG. 43 
, ' 125 

Influence of age of testicular tissue on the binding of I-hCG 

and l25r_hFSH -to h h di' Simil 1 t e uman gona otrop n receptor. ar va ues 
. 125 

for the nûmb~r of LH receptors were obtained using either I-hCG 

.or 125I _hLH • The number of gonadotrop~n receptors were dete~ned 
by Scatchard and saturation analysis of the bi~ding data for each 

tissue. Each bar represents the Mean ± SEM. 
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l'GROUP 

/.1 

2 

3 

4 

5 

6 

7 

8 

AGE 
(yr) 

16-20 1/ 
21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

TABLE 10 
ESTIMATION OF THE BINDING CAPACITY AND APPARENT DISSOCIATION 

CONSTANT (Kd) OF THE FSH AND LH RECEPTORS OF THE HUMAN TESTES 

FSH receptor LH receptor FSH receptor LH r~eptor Ratio of 
-10 FSH/LH 

fmo1/g testis Kd (10 M) receptors 

402.25±41.49 (8) 

290 .00±34 .65 (3) 

336. 00±40. 20 (3) 

329 .00±29 .99 (11) 

335.84±23.73 (19) 

274.87±30.91 (15) 

284.66±36.08 (11) 

167.~ (l} 

123.75±10.55 (8) 

56.00±18.04 (3) 

.143.50± 6.50 (3) 

126.78±22.82 (9) 

125.43±19.83 (14) 

65.58±15.40 (12) 

65.73±11.05 (11) 

32.00 (1) 

1.47±0.13 

1.25±0.17 

1.45±0.10 

1.47±0.09 

1.47±0.08 

1.39±0.10 

1.60±0.20 

1.74 

" 

1.2Q±0 .07 

1. 35±0. 28 

1.6Q±0.15 

1. 26±0 .16 

1.31±0.14 

1.61±0.25 

, 1.16±0 .35 

1.81 

. 3.25 

5.18 

2.34 

2.60 

2.68 

4-.19 

4.33 

5.22 

FSH receptor - in aIl groupings, except 1 vs. 2, 1 vs. 6, and 1 vs. 7, the differences were not statistica11y 
significant. Note the smal1 size of groups 2 and 3 cou1d be responsib1e for the observed differences. 

LH receptor - in aIl groupings except 1 vs. 2. 6 or 7. "3 vs. 2. 6. or 7. 4 vs. 2. 6 or 7 and 5 vs. 2, 6 or 7; the dif ferences 
were not statis~ica11y significant. Note the sma1l sample size of groups 2 and 3 could be responsible for the 
observed differences. 

FSH Kd and LH Kd - the differences among aIl groupings were not statistica11y ~ignificant. 
125 125 Data were derived from Scatchard and saturation analysis of tissues using I-hFSH and I-hLH. Similar results 

were obtained using either l25I-hLH or l25I-hCG. The numbers in parentheses represent the number of tissues analyzed. 
V~lues represent the mean ± SEM. The differences between the LH an9 FSH receptor groups were statistically . 
sig~iftcant (p <0.05). The differences between the apparent dissociation constants of the LH and FSH receptors 
were not statistica1ly significant., 
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~is, the LB receptors significantly'decreased to Ilevels below the 

16-60 yr age group. The number or FSH receptors was greater t~an the 

number of LH receptors at àl1 ages. However, the ratio of FSa/LH receptors 

was considerably reduced in the 31-60 yr age group. The bind1ng affiniti~s 

for both gonadotropins were-similar (Table 10) and did not differ­

significantly at different ~ges. 

~.3.7 Hormonal specificity of the human testis 

The hormonal speci:ficity of, the human testicular subcellular fraction 
\ 

Pl as assessed by its interaction with various radiolabeled hormones 

(human and nonhuman) ls similar to,that of the young adult rhesus monkey. 

n Radiolabeled human and ovine FSH were both bound well by the human 

testicular tissue. In contrast tp the FSH receptor, the human LB receptor 
, 125 

interacted better with the radiolabeled primate hormones, l-hCG or 
125 ' 

I-hLH (8i. specifie binding) than with the radio1abe1ed nonprimate 

hormone 125I _oLH (1-2% specifie binding). Subce11ular fraction Pl of 

the adult 'rhesus monkey and human testes showed very poor binding of 
125 " 2 l-hPRL (1-2% specifie binding). The integrity of the hormone (1 51_ 

hPRL) was verified by its abiliFy!to bind to a rabbit liver (10% specifie 

binding) and porcine ovarian (4% specifie binding) prolactin receptor. 

. 3.3.8 Specificity of hormone binding in the primate vs the nonprimate 

testis 

125 The competition between I-hCG and various concentrations of 

unlabeled LH from different species for specifie binding to the primate 

and nonprimate LH receptor is illustrated in Figure 44. The ,human LB 
~ 

r~ceptor (fig. 44C) discriminated between human and nonhuman hormones, 

showing a definite'preference for LH of human origine Alteration of the 

radioligand, i.e. substitution of 125I _hLB for l25I _hCG , d1d not change 

the marked species selectivity of the human LB receptor. Further, 
125 .. 

I-oLH was a poorer ligand when tested with-the h~ (1-3% specifie 

binding) than with the rat, testis (20% specifie binding). The rhesus 

monkey and rat testièular LH receptor(s) recognized the heterologouB 

1 

1 

1 
j 
i 
1 
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FIG. 44 

Comparison of the displ~cement pattem of the binding of 

I~I-hCG by un1abeled LH of di,fferent species to the 
1 

particulate' fraetion Pl (150 llg pt:'otein) prepared frol!l 

the adul t ra,t (A: top panel), young rhesus monkey, 

(B: middle panel), and human (C: bottom panel) tes~es. , 

,. 

Similar results were observed in the human. tes~es witli 

125I _hLH as the lïgand. The ·amount of horm:o~~ :specificall-y 

bound (26%, 5% and 9% specifie binding to the rat . ~ 

(34 days), rhesus monkey (4 yr) and human (50 yr)' testes 

respeetively) was set as 100% for a1.1 calculations. 'In 

the experiment shown-for the monkey LH receptor, the 

relative potency of the oLH and bLH was about 20% of hLH, 

whereas in another (not shawn) the two nonprimate hQrmones 

were as potent as hLH. With the LH recepJ:or frQ11l a11 the 
'" three species, the displacement pattern was not a1tered 

after freezing and thawing. 
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'hormones (Fig. 44A and B). Some ,dif.ferences were ~pparent between 

monke~and human LH receptors in ~heir ability to interact with oLH and 

bLH. The estimated potendes of oLH a~d bLH in displacement a~say8 with 

the human and rhesus monkeY're~eptor~were ~.0042 x hCG (0.0037 - 0.0061, 

9
1
5% CL) and 0.242 :li: hCG (0.20 - 0.39, 95% CL) respect1ve1y. The monkey 

LU receptor was s1mi1ar to the human with re~pect to its paor ability 

to bind rat LR (potency 0.00014 - 0.00077 X hCG). The species spec~ficity 

of the human testicular LH receptor was not lost py freezing, i.e. 
125 125 beterolcigous hormones were unab1e to Aisplace I-hLH/ I-hCG when . . 

Ïrozen and thawed human reeeptor was used. Due to the small amaunt of 

tissues avai1able, the speeies speeificity of the yellow baboon LH(hCG) 

receptor cO,uld only be eval~ted once in a single: tissue. The estimated 

potendes of bLR 0.045 x hCG (0.041 - 0.049,95% 'CL) and oLH 0'.'068 x hCG . , 
(0.061 - 0.076, 95% CL) were simi1ar and greater than that of rat LB 

0.00016 x hC~ (0.00014 - 0.0002Q, 95% cq (f!-g. 45). While the LH 

, ..." (hCG) receptors of this baboon (l0 yr) appear to resemble those of the' 
. , 

" adult human (fig., 44C) in their ability to recognize nonprimate ;LB 
,preparations, this data needs to be confir.med before ~roposing,that the 

\ 

ye;llow baboo~ might be a better model for etudies on the human t'ban the 

rhesus monkey. 
- 125 

The binding of I-hFSR tà the human'testicular receptor is 

competitively'displaced by in~act FSH prepa~~tions' from human as weIl às 

nonprimate pituitaries (fig. 46). Bovihe and severa! nonh~ primate 

receptors show similar'behavior (Table Il). The displac~ment .curves for 

all the five spécies of FSR preparatiorts investigated were not significantly 

nonparallel. Equine FSH was the most potent in the human competition assay~ 

shonng about ten times the activity o:t; nFSR. Rat FSH was the least 

active spec1~s of !SR •. 

, Whfle the human tflsticula~ LH receptor ;aiffer~d from the FSH receptor 

in b,e:l:ng species specifie with respect to the ligand, both gonadotropin 

recepJ;ors were hormone specifie. Hormdne 'subun,its and moat nongonadotropic 

hormones (ex. hPRL, hGH, LHRH) had very low activity in tbe human and 

no~~ pr~te gonadotropin receptor assays, ie. less th an 0.5% 
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" 125 ' ' 
Displac~mènt of I-hCG bi~d~g t~ 700 ilS of' testicular fraction Pl 

• \ ' l ... 

. Qf the' ye110w bB;boon (10 yr) by un1abe1e,d LH ,of various spec1es. 
, , 

Due to the 1imited amaunt of tissue this ~xperiment ~as on1y' performed -once. The maximum binding (7% specifie binding) W8S set as 100%. 
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FIG. 46 
,\nt,y 

Interaétion ofdt,he human ~es~ieÙlar FSH reeeptor with 

highly purifi~d heterologoûa FSH preparations. The 

~ount of hormone speei~ically Dound (11% specifie, 
, ~ , ~ 

bindfng) ~o 150 ~g fraction'Pl wâs set as 100%. Note 
, , ) 

',that the hUllUÙl FSH reeeptor from'the same tissue (50 yr) 

as ,the human LH receptor (see Fig. 44C) il? unlike the ',' 
, " - .. ~ 

LH receptor whieh was, more speeies 'selective. l:âentical-
, ' -

.,- reau1,ts were obtained with t'resh or frozen anq thawed 
, 

receptor. The average potency was ealeu1ated, from'the 
. , . --amount of ho!mone (ng) required to~displace 50% of the 

radioactivity ftom, r,eceptor. Setting hFSH as l, the , 
activi~ies of th"htero1ogous FSH'were àS fo11ows: 

equine FSH Il x (9.6 - 12.5, 95% CL), ovine FSH 1.55 x 
t j ". 

(1.40 - 1.61~ 95% CL), porcine FSH 0.57 x (0.48 - 0.65, 

95% 'ÇL) , rat FSH 0.23 x (O.IB - 0.31,,95% CL), Using 
l~ . 

'f-dFSH as the l,i~and, the disp1acement obtained with 

the v'arious FSH:.: 'Preparations showed an ident:i:ca1 p~ttern. 
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Species" 

Crab eating 
monkey (Mfl) 

Pig tailed 
monkey (Mn) 

Rhesus 
monkey (Mm) 

Ye110w 
baboon (Pc) 

Hunian 

Bull 

1 • 

-, 

TABLE 11 

SPECIFICITY OF 125I_hFSH BINDING TO THE FSH TESTICULAR RECEPTOR OF VARIOUS ADULT SPECIES 

hFSH eFSH oFSH pFSH rFSH 

1.0 10.25 (~.14-11.49) 1.30 (1.12-1.52) 1.13 (0.98-1.31) 0.42 (0.33-0.53) 

1.0 12.53 (10.79-14.54) 1.85, (1.55-2.21) 1.75 (1.43-2.14) 0.44 (0.37-0.53) 

1.0 .9.71 (8.65-10.88) , If. 88 (1. 54-2.26) 0.47 (0.40-0.55) 0.24 (0.21-0.27) 

1.0 9.12 (7.53-11.03) 1.19 (0.99-1.42) 1.04 (0.89-1.21) 0.40 (0.34-0.47) 

"" /' .. 
1.0 Il.14 (10.20-12.15). 1.55 (1.49-~:61) 0.57 (0.53-0.62) 0.23 (0.20-0.26) 

1.0 7.48 (6.76-8.29) 2.02 (1.84-2'11) 0.85 (0.77-0.94) 0.33 (0.30-0.37) 

- -

hFSH sub­
units,hCG 
and hGH 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

The average ~ote~cy was calcu1ated from the amount.of unlabe1ed hormone (ng) required to displace 50% of the radio­
activity (12 I-hFSH) from the receptor. The relative potency of unlabe1ed hFSH was set as 1. Data represents the 
mean potency value of at least' tw~ separate e~periments. Values in parentheses represent the 95~ confidence limits. 
« = 1ess than). 
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gonadotropin activity. Human TSH waa about 3% as active as the ~igand 

in th~ ~uman tH, human FSH and nonhuman primate FSH receptor assays. . 
This could be because of some intrinsic activity or trace contamination. 

With the rhesus monkey Pl fraction, afte~ 7 months of freezing at -70C 

or lyophilization. an identical pattern of displacement of l25I_hFSH by 

the different species of FSH prepa~ations was obsèrved. .. , 

3.4 Discussion 

The present study was aimed at a better un~erstanding of the inter­

action of human gonadotropins vith homologous receptor preparations. 

By carrying out simultaneo~ studies on Fsa and LH/hCG binding within , . 
the ~ame laboratory, ,we hoped to gather data on the characteristics of 

th~ testicular receptors as weIl a~ their relAtive age distribution. 

Various investigators (174, '186-188. 23l~ have employed differing 

experimental conditions resulting in significant differences in the ' 

estimates (Table.12) ot' LH rec~pto~s in human testis. Therefore, in 
, . 

order to more reliably compare data, on the tH and FSH tésticular , 
'receptors it séemed important to first establish the optilllUDl conditions 

for handling of the tissues and hormone binding to the particulate 

fraction (Pl). Although there have' been a few repo'rts iIÎ the literature 

on 'the deteétion of LH recept'ors in human testis ,(174, 186-188, 231, 

'Z34} not all'the factors mentioned above hav~been considered in the se 

studies. 

AlI the tis~es that we have examdned showed.good binding of the 
-4' 125 

lab~led'gonadotropins. The 6-12% total specific binding of I-hCG or 

1~5I_hLH ta the Pl fraction i8 much'higger th~n,that previouslY're~orted 
(174, 186-188, 231, 234) by other investigators who have used a total 

homogenate after prelimi~ary fil tration. Analys is of: the homo,genate, 

the partia11y purified p~llet (Pl fraction) and the 140,000 x g s~per­

natant fraction in our expe~iments·revea1ed·that the 'low bindi~g, is 

clearly due to some interfering Stlbst'anc'e(s) present in the, 140 ,000 x g , , 

supernatant. Indee~ the. 140,006 x g supernE11;:ant 'fractidn of .. bO,th h~n 
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TABLE 12 

COMPARISON OF THE LH RECEPTOR DATA FROM DIFFERENT LABORATORIES 
c 

Kd 
dissociation n 

Type of con\'~tant binding sites 
fraction Mean ± SEM fmol/g testis 

Age ~:y,r,) ana1:y,zed , (1o-10ri~ Mean ± SEM References 

17-80 40,000 X'g pellet 1.49±0.11 (60)a 101.87±7.98 (60)C This study 

17-80 40,qOO x g pellet 1. 42±0 .14 (38) b 99.19±8.00 (60)d This study 

75-90' Low spee~ pellet 5.0 (N.D.) 62 . (N .• D.) 186 

60-75 20,000 x-g'pe11et 0.3-0.5 (8) 23-146 (8) 185 

53-93 Homogenate 1.64±0.21 (21) 716.6±0.16 (21) 231 

56-85 Homogenate 0.71±0.16 (5) 570.0±140.0 (13) 232 
G. 

23-72 Testicu1ar pieces 239.8-711.2 (13) 174 

Feta1 (14-20 wk) Homogenate 10 .935±0 .12 (5) 698-1150 (5) 187 .. 

Feta1 (10-24 wk) Homogenate (h4-5 .5 (N.D.) 500-65.00 (N.D.) 233 

ND = value not determined 
a = Derived by Scatchard analysis using l25I-hLH 
b = Derived by Scatchard ana1ysis using 125r - hCG 
c = Derived bv Scatchard 'and saturation analyses using l25I-hLH. 
d = Deriveâby Scatchard and saturation analyses using l25r-hCG. 

The value in parentheses in our study refers to the number of observations using hLH or hCG. The 
value in parenthéSes in ot~er studise refers to the number of observations using heG. Data represents 
the mean ± SEM or the range of values. 
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and monkey testes inhibits the binding of radio1abe~ed gonadotropina to 

their respective receptors of nonprimate testic~lar tissue. 

Similar activity has already been detected in serum (235, 236), 

seminal plasma (235), fol1icular fluids (237-239), and aqueous extracts 

of a variety of tissues such as the testes (218, 236), corpus 1uteum 

(240-242), 1iver (218, 236) and kidney (218, 236>.. Gonadotropin binding 

in this study could be restored by removal of the testicular supernatant 

fractions by washing. The disc~epancy with pre~reports (218, 236) 

on the irreversibility of the receptor binding inhibitory activity (RBI) 

in the rat testes cou1d be due to the use of particulate receptor 

fractions of different purities. The human testicu1ar supernatant , 
fractions did not contain any ~ignificant amount of soluble receptor-like 

binding components (see Chapter 2, section 2.3.14), as do the bu1l~96), 

rat (96, 127) And nonhuman primate (see Chapter 2, section 2.3.14) 

testes. Thus at least for the human, the presence of RBI activity and 

the absence of a soluble-like b5ing 

fracti~n would suggest that the two 

two separa te and distinct molec s. 

activity in the supernatant 

activities are due to at least 

Very little is known or understood 

about the nature of the gonadotropin RBI 's. It is possible that ,the 

inhib\tory activity ia due to the presence of proteolytic enzymes or 

endogenous gonadotropins. The g~padotropin RBI's might play a role in 

the age dependent loss of gonadotropin activity possibly,by impairing 

tbe coupling of the gonadotropin-receptor-adenylate cyclase system 

(23{, 239, 242). 

This study i~ the tirst' repo~~ ?n the des~r~ption of FSH'receptors 

in human testis. The interaction of radiolabeled gonadotropins w1th 

their respective human receptors was not only specifie but also time, . ' o 
temperature, pH and salt dependent in a manner similar to that of the 

nonhuman primates (see results" Chapter 2) and laboratory animaIs (52, 

72, 79, 243). Optimal binding to the human and nonhuman primate FSH 

receptors occurred in the presence of 5-10 mM MgC12 or Cae12 (Table 13) 

at pH 6.5-7.5 (Table 14). The binding characteristics of radiolabeled 
, . 125 

hCG and hFsH with the testicular Pl fraction also resembles I-hCG 

binding to homogenates of the human testes (186, 231, 244). However, 

, , , 

1 

1· 1 

1 



s 

," 

.', 

-l-

,~ 
t 

:~i 
... ~.,:Ji 

~ 

" :i 
_ 'EFFECT OF VARIOUS SALTS ON THE SPECIF~C BINllING OF 125I -hFSB TO THE PRIMATE FSH TESTICULAR RECEPTOR I~~ 

TABLE'l3 

Species Ionie Concentration (mM) : 
1000 500 100 50 10 5 1 0.5, 

MgCl
2 

(mM) ", - ~ 

27 .83±1.li"3 j rhesus monkey (Mm) 

yel1ow'baboon (Pc) 

1.60±0.98 

o 
pig tai1ed monkey (Mn) N.D. 

human o 

CaCl2 (mM) 

rhesus monkey (Mm) 1.24±0.59 

ye1low baboon (Pc) 0 

pig tailed monkey (Mn) N .D. 

human 0 

MgSO{ (mM) 

rh~sus monkey (Mm) N.n. 

yellow baboon~(Pc) 0 

pi~ tailed monkey (Mn) N .D. 

human 5.44±O.50 

.. 
1. 

1.68±0.71 14.68±1.40 53.09±2.64 

!.54±0.74 - 20.35±i.21 62.47±0.64 

o 12.66±0.39 47.35±3.26' 

O.56±O".45 14.63±0.64 44.38±1.74 

2.58±1.25 14.03±0.83 

1. 74±0. 82 17 .-o3±!. 01 

0 Il.12±0.67 

0 • 8.78±0.20 

6. 76±0 .47 25.11±1.95 

12.51±1.20 50.69±1.50 

4.21±0.2l 41.32±1.64 

9 .a1±3 .49 44..79±1.13 

---- , ----& r---

1 
41. 32±1.35 

55.08±1.02 

44. 82±0 .46' 

35.31±2.21 

41.56±1. 7à 

72.00±1.12 

66.50±4.d2 

63.14±1.98 

(\ 

-------
r-- ~ 

lOO.OO±1.34 88.37±2.33 

100.00±1.26 89.-93±2.20 

100.00±3.18 86 .5 3± 3 .07 ' 

, 100 .OO±2 .05 83.45±4.77 

• 102 .13±-2 .63 102.2r.±2.76 

109.89±3.52 98 .48±3 .65 

113. 71±1. 67 102.63±1.79 

93.09:t5.82 94.07±3.40 

86.84±3.45 61.~ 
74 .93±2 .93 72. 73±4 .07 

4 

80.47±1.54 72. 36±1' .22 

79.89±3,.60 62.57±2.23 

il 

" 

~ ,... ,.... ,...... 
______________________________________ ~ ___________________________________________________ .. ____ ~ __ .M.~=.~ ______________________________ _ 

38.10±3.69 

53.49±1.64 

54.S8±2.07 

59.26±O.96 

45.08±1.83 

63.71±3.60 

70.B9±2.47 

58.89±3.82 

69 .27±2 .58 

45.43±2.34 

43.14±1.81 

52.67±3.:t2 

~) 

N.D. t 
N.n. :~ 

N.D. .;; 

30 .97±1.16 " 

51. 76±3. 72 
'~ 

50 .40±2 58 ~~J 
'i 

46.35±3.05 J 
~ 
~ 
;; 

,~ 
35 .OO±3 .63, i 

1: 
43.50±2.24 ~ 

33.71±1.15 î 
43.57±1.74 ? 

~ r--o 
1 • , 

, 
1 
! 
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NaCl (mM) 

-1 

rhesus monkey (Mm) 

ye110w baboon (Pc) 

pig taile'd monkey (Mn) 

human 

KC1 (mM) 

rhesus inonke'y (Mm) 
" 

ye110w baboon (Pc) 

V pig tal1ed monkey (Mn) . - . 
human 

~ 

2.27±0.40 

0.39±0.24 

N.D. 

0 

3.10±1.05 

1.04±0 .60 1 

~. 

4 .3'7±1 ,,13 

...-

2.72±O'.50 

0.78±0.68 

1.09±0 .49 

1.10±0 .81 
" 

19.67±1.99 

7.46±3.70 

1 '! ..,,-. _~,_c ,_. -1 '~I ............ 

TABLE 13 (cont'd) 

11.65±2.09 22.66±2.62 . 
14.65±'1.15 22.05±l.13 

... 
12.52±0.64 18.83±0.82 

26.69±1.36 36.25±1.38 

45.91±1.28 45.02±3.13 

61.96±2.04 63.41±2.98 

-2.98±1.46 ~54.58±3.77 54.8'6±1.06 

8.95±0.58 60.73±3.08 58.44±2.65 

" ''i'~W'I~~",,~,?~- .-. ~ ".., -~"i!>"''''_7l; ~ ,'''''''_ e-h~ t~·' f 
.:_ ~~ -t, 'X~~J~·~r~~ 

- - - ..,... ,...... .... - --

14.01±0.58 13.04±2.01 11.89±1.86 N.D • 

23A9±0.47 22.01±0.45 22.47±0.84 26.11±1.32 

20.91;t1.34 15.75±2.78 20.67±1.91 19 .96±0 .55 

32.12±2.16 31.06±1.13 34 .53±0. 71 27.01±2.26 

27.55±3.15 17.15±2.91 9.86±1.56 14.55±2.85 

48.17±3.22 36.33±l.97 3O.96±3.23 29.60±1.70 

44.97±2.01 31. 75±1.86 20.80±3.08 26.10±4.04 

42.79±2.11 32.86±2.37 27.26±1.38 31.14±2.52 

Subcei1ular fractions were prepared from the rhesus monkey (13 yr), ye110w baboon (8,yr), pig tai1ed monkey (10 yr) and 
human (73 yr) testes. Aliquots of testicular fraction Pl (100-200 ~g protein) were incubated at 34C for 8 h in the regu1ar 
assay buffer at pH 7.2 but with ~arying concentrations of the sa1te. The maximum specific binding (Mm=10% S-.B., Pc=12% S.B., 
Mn=10% S.B., and Man=9% S.B.) obtained in the presence of 10 mM MgCl2 was set as 100% for comparisoo. In the absence of 
salt on1y 20±2% specifie binding was observed. Data represents the mean ± SEM of triplicate determinations of at least 
two separate experiments. ND = not determined. . 
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TABLE 14 
1 -

INFLUENCE OF INCUBATION MEDIUM pH ON THE SPECIFIC BINDING ~F 
lZ5I_hFSH TO THE PRIMATE FSH TESTICULAR RECEPTOR 

Subcellular fractions were prepared fram the rhesus monk~y' (13.yr), yellow 
baboon (8 yr} and human (46 yr) testes. Aliquots 'of "testiéular fracdon_ 
Pl (100-200 ).lg protein) were incubated at 34C for '8 h in th~~ rès'pective 
buffemindicated, in the presence of 10' mM MgCI

Z 
and'O.I% BSA .. Other 

conditions of incubation are as shown in legend to Fig. 13: The maximum 
binding, 12%, 14% and 8% specifie binding for the rhesu$ monkey, yellow 
baboon and human respective1y, at pH 7.0 was set ~s ~% f~r comparison. 
Data represents the mean ± SEM of ~tiplicate detefIDina~ns of at 1east 
two separate experiments. 
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the 10ss of l251_h.CG speeifi.e b1inding to the 40,000 x g pellet (fig. 34B) 

at 34C i8 faster than that reported for testie~ar homogenates (244). 

This differenee eould be due to the poor speei'fic binding (1.5-3.0%) 

obtained in their studies, which is c10~e to the lower limit of resolu­

tion of the assay. 

The mo~t marked difference between the human and nonhuman primate 

FSH receptors appears to be bhe greater stabi1ity of the human reeeptor. 

The half time of inactivation (t!) of the human FSH receptor (fig. 39â) 

at 34C is about 14 h as agai.nst 2-5 h for the rhesus monkey (fig. 20A) and 

yellow baboon (fig. 2lA) testicular FSH receptor. The human FSH receptor 

was more stable to neat (34C) than the LH reeepto,r of the humant (fig. '39B) , 

rhes'us monkey (fig-.~20B) a~d yellow baboon (fig. 2lB) testes (t! = '3-4 h). 

When the relative stabi1ity of the human t~stieuiar FSH and hCG(LH) 

receptor in the unoccupied ,state is considered, our data clearly sh~ 

that the former is msre stable at aIl the three temperatures (25C, 34C 

and 37C). The temperature dependent loss of aetivity is a result of 

inactivation of the gonadotropin reeeptor, not the hormone. Degradation 

of unoccupied reeeptors may play a raIe in the physiologieal regulation 

of cellular receptors. 

As there is no loss in binding at;:t for up to 36-48 h (fig. 39), 

it may be feasible to carry out receptor de terminations on ti,saues képt 

at 4C for this length or time. lt is a1so important to note that the 

FSH \recep~or suffers little or no inactivation at 25C for up ta 12-16 h~ / 

a finding whieh adds reliabi1ity to th~ estimated hinding sites in 

tissues that we have colleeted up to 12 h after death. As She LH/hCG 
, . 

reeeptor undergoes about 30-4~% 10ss in the same interval st 25C, the 

;values that we have shown (Table 10), for the different ages may represent, 

an undèrestimate. Our estimates of the LH receptors are lower than tbat 

reported.b~ investigators from Finland (231) but withi~ the range of 

values from other laboratories (see Table -12). ' 

hCG is a place~ta1 hormone of pregn~ncy ~tk ehemical and biologieal 

proper~ies si~lar ta pituitary LH, but ,is nO\l~Und i~ the ciréu7ati.~~~­
of normal men. AlI the studies reported in the literature on human 
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testicu.1ar recep·tors have used placert'tal hCG rat~han pituitary LH 

as the ligand, perhaps because of reasons of easJer availabi1ity and 

stability of the former,' As thé rat testis, which is the most wide1y 

studied.mode1,exhibits differentia1 affinities for hCG, hLH or oLH (82) 

it was considered appropriate to examine the human testicular receptor 

with 1abeled.hCG and hLH. The concent~tion dependent competition by 
. '125 

un1aéeled hLH for binding of I-hCG to the receptor or vice versa 
• 

indicated that the two .. hormones occupy the same binding sites. The 

est.imated binding constants and capacities (Table' 12) wet'e the same in _ 

both cases, thus va1fdating the use of hCG for studying the human 

testicular LH receptor. However, there appears to be some differences 
125 125 between l-hCG and. I-hLH in the stabili~y of che hQrm~e-receptor 

complex as seen from our kinetic data shawn in Figure 33., c More detailed 

studies ar~ necessary to examine if these are due to difterential rates 

of inactivation of the ligands or dissociation rate~ .-

In: r:pdents " ~ro1.:lctin is invo1ved in the inductio~d maintain;:lnc~ " 

of testicular LH receptors ~245). Prolactin treatment is accompanied 

by potentiation of LH stimulated spermatogenesis and testosterone produc~ 

tion (246, 247). Sleep-related changes in male plasma testosterone are , ' related to serum LH and prolactin concentrations suggesting' that prolactin 
r 

i~f~uenèes human testicular function (248). Prolactin secreting human 

pituitary ade~omas are often associated with impotence and lower 4If 
testosterone production (249~. In addition, inductio~ of hyperprolactin­

aemia in men 1eads topartia1 inhibition of estrogen production po's$ib-ly' 
::-

by modifying testicular arQmatase enzyme activity (250). The actions 

of pro1actin in the roden~ have been attributed to a direct effact on 
1 

the testes yia specific prolactin reèeptors located on the Leydig cell 

(251, 252). lt was therefore of physiological relevance ta ex~ne 

human testicular tissue for the presence of prolactin receptors. 

Analysis of five individual human testicular tissues (aged 50-70 
125 yr) fai1ed to yield significant binding of l-hPRL (less than 1% 

, ..' 125 
'specifie birtding). In contrast ta the pao~ binding of I-hPRL, these 

125 125 ' ", -. 
tissues bound I-hCG and I-hFSH (greater than 5% specifi~ binding). 

,. .., 
The di~cre~ancY,in the number of prolactin. receptors for the primate 

. " 
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, , 
and nonprimate testes 18 ~ot unique to thfs hormone. Clay ton et al. 

1 ...... '1 

(253) have reported that re.ee.p'tors. for LHRH are. present ~n thé rat but" 
. 125 

not human testes. Possible reasens for the p60r cinding of I~hPRL . ,.,. 
in the human testes are ttte use of subbpt~mal,binding cQnditio.ps~ a 

small.re~eptor population ror prolactin, or occupancy of prolactin 

receptors by endôgenous prolactin. Absence of proiactin receptors ~ 
" oP 

adult tissues does not preclude thQtr existence in,younger individuals ~ 

(less than 50 yr) (251). 

The greatest impedimen~ to the characterization of the age dependency 

of gonadotropin binding to the primate tes~es is the scarcity of normal 
, 

tissues. Though this study is of iimited magnitùde, utilization of 

àutopsy tissue ~amples ihas allowed' the mo~t' deta,il~d study':to date of 
l ," ~ ..", ~ 

the age dependent cpanges' in the number of homan testicular gonadotrQpin 

,r~ceptors.~ ~n~ exception of tissues at the ~xtreme ends of th~ 
age groups irivestigated', there was a tendency for the ~onadotropin 

~ f)l • , 

binding capacity (fmoi/g testis~ to remain re~a:ive~y ~tant i~ the 

postpubertal human testes with advancing age (Fig. ,43)\ A simitar 

gonadot:;.ropin binding '~attern ~as obsenTed for the rhesus monkey (Table 
Q • ' 

7) ~ 

and rat' testes (FSH receptor only) (214). The gonadotropln ~indtng . .' ' ~ 

~nimals is listed i~ Table çapacities to tèstis in several species of , , ' 
15. 

FSH and LH/hCG are in the The binding affinities for' aIl sp~cies for 
, , '9 10' -1 ' 

range ,of 10 -10 ~ Among'the primates; the human and rhesus monkey 
, 

testes nad the greatest LH and FSH binding capacity'(fmol/g testis) 
, , . , 

respe.ctively. In aIl ~he species except the rat, the.number of FSH 
c' 

receptors,was g~eater than that for, LH. In the r~t," an opposite pattern 

is evïdent despite the l~wer number of Ley.dig.cells. Datà on t~e gOnado­

trop in receptor patterns of sev~n 'of ,the listed s~ecies - ~, nonh~ 

pri~àte;, bull and rat ~ are directl;:lcompar~b1e'because the determina~ . 
tions were all doue in our 1abor~tory using sim!~ar techniques and 

~ \ 
~dentical'ligands. 

The divergence of testicu1ar FSH and LB receptors Qe~een Iat and 

, oth~ species including primat~s (Table 15) points out the inadequacy .. 
of the rat model for receBtor ~tudies. ~ere'appear ~o be ~gQificant 
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TABLE 1~" 
"- -0 

1 COMPARISON OF 'rtlÊ FSH AND LH RECEPTORS IN TESTIS OF VARlOUS ANlMALS
a 

.... .,. ~.. .0;:. 

... 
'Ratio of Hormorie bindiùg~capacity ". 

'"' ~ 
'FSH" LH(hCG) FSH/LH 

, Spec1es 
Testis we!gh.t 'Ct ,reçeptor/g 

Mean (g) pmol/g testis pmollte~tis pmol/g_testis pmoll,--teEl~..1t; __ ~ testis 'Reference 

1 Primate 

~n 9±2 

Rhesus monkey 18±4', 

-II Non-pzima te 

Bull ' 

/ 

Rat 

pige 

Sheep 

290±50 
1 

1.5±O.4 

; 1-300· 
(various ages) 

. 206 6 

o . 3I.±0 .02 (71) b '2.77±1.32 (11) 

l.Sl±O .46 (10) , 14.5"9±10.95(10)c 

.0 

o .,62±O .02 19-7.7 ± 7.5 

'. 0.404±O.055 0.61 ± 0.08 

2.65d~ ND 
. b 

0.240±O .04 49 .. 5 ±a.3 
- -- -- -_. ----_ ... -

O.iO±O.OI (60)b 1. 32±0 .65 (11) 3.1 This study 

0.16±O~Ô9 {l0)" 
' , c 

o .42±O. 30 (10) . 9.4 This study 

O.04±0.01 ,12 .~±O .98 15.3 This'study 
(72, 212) 

1.320±O.04 1.98±0.06 0.3 This study 
t (11, 77) 

. 3-9' 90":240 ND (14,78) 
. " b 

6.l±O.8 8.0' (73) ,0 .03to .004 

.... ..., .... 

a' , . , , , .' 
On1y se1ected data from the 1iterature has been considered for species such as bul~ and rat. On1y those studies which 
permitted ca1culation of data on a uniform basls (pmol/g testis) were.evaluated." Data represents the mean'± SEM or . 
a range of values. 

bOenotes tlae of homologous hormone for rec~ptor det~~rminationa. 
c' " -.-
The wide range of values arises from the steep increase in testicular~weight thàt occurs with increasing age. 

d - '.' " 
These are values for animaIs of about 3-6 years of age because adult tissues (greater than 12 yr) have low or undetectable 
LH(hCG) binding. . 

ND = Not determinable. 

Data fr~ our study vas derived by Scatchard a~~/or saturation" analysis'~f'125I-l~bele~ gonadotropin binding to the· 
adult bull (>5'yr), rat (34~44 days),_rhesuB mdnkey (3-6 yr) and human (16-80 yr) ~estes. Data representa the 
.mean ± SEM of at Ieast 5 animaIs. - . D , 
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1 

differences, in the relative distribution o~' receptors within primates~ 

. In,'·the rhesus monkey~ a species so wide~y used as a model in studies 
- , . 

. on reproduction, we have detected'little hLH/hCG binding in the adult 
-, " L 

anpna1 as compared to man. lt is possible that in the adult monke~ . 

testis, the LH receptor may be more susceptible to degradati,on (!94-~96).· 

"f.f this is true, i t appears 1 to be more stable in the young monkey testis' J, 
as LH receptors are eas'i1y ~~tectab1e (Table 7 and 8). Age dependent 

?hanges in testicular inactivation of FSB and FSR receptors in the rat 

testis have-been speculated to have a ro1e in the control of hormone , 
action (254). Wbether similar phenomena may operate in primates remains 

to be investigated. 

Another significant differ8lÎce between the human and monkey 

,testicu1~r LH 'receptor ~ies in their ability ta recognize nonprimate LB. 
. 'The human receptor vas !more se:tt:tive because severa! high~y purified 

nonprtmate tH'preparations which~were effective in the monkey or rat 

system had extremely 10w activity ip competitive binding assays usin~ 
!25 125 ' 

I-hCG/ , I..,..hLH and the human receptor. lt ~y 1) pointed out that 

'our "datà (Fig. 44B) on the rhesus monkey are strik ngly dif~eren1; frOID 

, the observati?ns reported by Davies et al., (185).. Our highl}" purified 

'oLH and bLH prepar~ti~s were about 25% as act ve as hCG or htH in one 
1 c, .. , / 

ex~eriment (Fig. 44~) and almost 100% active in another, while the 'rat 

LH vas consistently ~w in activity. The reasons for ~he discrepancy 

in the data are not c1ear at present. 
~ 

The huma~ tesdcu1ar FSB recepto~ ~~ c1early diff~rent from the tH 

receptor in its behavior as the former can,efficiently interact with 

many heter010gous FS~ prepara~ions (Fig. 46). A nonhuman hormone 'such 

as equine' FSH vas ~or~ active than hFSH itse1f in the displaceniEmt as say _ 
125 ' " :., ' 125 

I-oFSH bQund as efficiently as I-hFSH to th,e rec~ptor. These-

results are identica1 to the situation in monkey testis (196). Unlike 

the reported species specificity of the LH/hCG receptor in the primate 
~ , " 

t~stis (185) and human (255) and monkey (256) corpus luteum, the FSH 

receptor from the human testis,was clearly different. ~ot only did 
\ ' 

many un1abeled h~terologous FSH preparations (equine, ovine, po~~ine, 
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o 

rat) ~ompete as effectively as or better than hFSH for binding sites 

(Fig. 46, Table Il) but 1251_oFSH a1so bound weIl t~'çhe hum«n and 

different monkey receprors.· While ç.he cause of the pronounced 

difference in species specificity of the LB and FSH receptors remains 

a lDystery, we may speculate that .tqe very high degree of hOlDology in 

the structure of the hormone specifie e subunits of different species 
, \. ' 

J of FSH (fig. 4) (257) may render them suitable ,for interaction with the 

,human ieceptor. The de8ree of structural conservation 81DOng the hormone 

. specifie B subunits of different species of LH (fig. 3) (~4) is not.as 

high as in FSH (fig. 2 and 4) (257). 

The human testicular LH receptor is œlike that of the corpus luteUJJl's 

in th~t it"maintai~its preference {or the hOlDOlogous hormone after 

freezing and thawing. It.has been reported that human 1utea1 LH 

receptors wh11e maintaining high specificity for the human hormone in 

the fresh state apparently lose this charaeterist1c after freezing 
, ' . 

(-20C {or 3-21 months) and begin to recognize nonhuman hOrlDones (255). 

" 

Such a change is unlikely with the mbnkey testis because a particulate 

fraction from ~resh1y relDoved testes frOlD the bonnet monkey (Macaca 

radia ta) interacts wit? FSH from several species (Sairam, M.R., Rao, . 

~.J., Moudgéll, ~.R. &):Serman, 'M.!., ~pub+ished results). It ~s possible 

that the primate FSH receptor is dif~erent from the LB ieceptor as far 

as its species specificity is concerned, wi~h the latter exhibiting a . , , 

more strict requirement for primate hormones": Our data, on the interac-.-
tion of heterologous FSH with the primate FSH receptor, agreè well with 

data reported in the li~rature. Several studies have shown that adeno­

hypophyseal extracts derived from a variety of species (sheep'~g, 

horse. human) were capable of·' succ~ssfully induc1ng an incre~~ the 

size of the human and nonprimate ~Vàries, due to an enormous enlargement 
! ' 

of the follicles with little or n~ trace of luteinization (258-262). 

1 ~ile FSH recéptors, have, been demrnstrated in the primate ovary .(263) ~ 
its s~ecies specificity has not bren determined. Data on the ,effects 

of heterologou~ gonadotropins i~ fonkey testis are scanty. Reports 

such as that of Greep t1937) ind1icated enlargélDent of gonads of immature 
1 
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1 
1 ,~ animaIs following trea tment . wi th nonhuman pi~uitary f1"a9tions containing 

'/ 

FSH (264) ~ The marked enlargement of seminiferous tubules and Sertol! t ; , 

rt., cel1 cytoplasm noted in iuasture rhesus monkeys following ofSH or PMSG 

~ ; treatment (265), clearly indicates a 'lack of species specificity in 
'i j[ ho~ne interaction, consistent with our observations (Fig. 46 and , 

, Table .11). 
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4.1 Introduction 

CHAPTER,4 

HUMAN TESTICULAR 

ADENYLATE CYCLASE ACTIVITY 

Hormone-target cell interaction is known ~o modulate the biological 

activity of the target cell thf"ou'gh the activation of the adenylatè 

cyc1ase system (266-268). The membrane bound ho~ne responsive adenylate-, 
cyclase system is composed o,f at least three separate and distinct 

components. These are the hormone receptor (R), a catalytic subunit <cl, 
" . 

and a regulatory protein (N) capable of binding GTP or its analogues. 

The regulatory prote in provides a functional linkage between the hormone-
, ~ 

receptor interaction (at the outer membrane surface) and activation of 

the catalytic unit of adenyl,ate éyclase (at the inner meuDrane "surface), 

which resul ts in the formation of cyclic AMP. Cyclic AMP, ac t,ing as a 

second messenger, mediates the intracel1u1~r response of the cell to the 

hormone (266:'268). In the rat testis and ovary,' specifie binding of the 
, 

gonadotropin hormones led to the direct stimulation of the enzyme adenylate' 

)~~clase (269). During sexual maturation, changes in testicular receptor 

numbers resulted in para~le1 changes in adenylate cyclase responsiveness 

to gonadotropins. There~was an increase in LH responsive adenylate cyclase 

activity and LH receptors with advancing age while the FSH responsive 

adenylate ~yclase activity and FSH receptors were decreasing (270,271). 

Priming of fema1e rats wi th PMSG resulted in a parallel rise and faU 

of gonadotropin binding sites and adenylate cyc1ase activities (272). 

JTqese studies suggest that the number of availab1e gonadotropin receptors 

i5 correlë:it::ed with the ability of gonadotropins tô stimulate adenylate 

cyclase. Desensitization, which ~esults in a loss of gonadotropin 

receptors, a1so leads to a 10ss of responsiveness of the adeny1até 

èyclase system to gonadotropins (165,168). This is consistent with a 
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.. 

loss of target ~ell, responsiveness due'to impaired receptor-adenylate 

cyclase couplil}g. l, 

Chapter 3 described the age dependent changes in gonadotropin 
--" 

bin4ing to the human testes. Gonadotropin stimulation of human testicular 

t1s~ue has been shawn to result in the accumulation of cyclie AMP (273, 

27ti). It was therefore of inter.est ta determine if the human testicular 

receptars are coupled to adenylate cyclase and if maturation alters 

hormone-receptor coupling or adeny1ate cyc1ase responsiveness to 
, . 

gonadotropin stimulation.' The mechanism involved ~in coupling receptor 
, -

binding to enzyme activation was studied using highly specifie gonadotropin 
1 • 

agonists and antagonists prepared in this l8boratory. Prelim1nary results 

of this study have been reported (275). 

4.2 Materia1s ancL Methods 

4 .2 .1 Hormones 
1 

1 
Highly purified human FSH (hFSH), ovine FSH (oFSR) and ovine LH (oLH) 

were prepared in this laboratory. The hCC (CRl19 - iodination grade) 
'ff*. 

and human LH (hLH 14 - iodination grade) were supplied by the National 

Hormone ~d Pituitary Pro gram, National Institute of Hea1th, Bethesda, 

Maryland. Human prolactin (hPRL) and equine FSH (eFSH) were provided by 

Dr. H.G. Friesen, University of Manitoba~ Winnipeg, Canada and Dr. T • 

Landefeld, University of Michigan, Ann 

propranolo1 (PRO), estradiol-17B (E2) , 
1 

" 
Arl?ol;', Mi. Isoproterenol (ISO), 

S-estradiol-3-benzoate (E2a), 

diethyl stilbestro1 (DES), progesterone (p), testosterone (T), and 

'androstendione (A) were purchased from Sigma Chemicals, St. Louis~ Mo. 

A clinical1y useful derivati ve of DES, Honvol (diethyl sti1bestrol ' 

sodium phosphate, DES-NaP) was donated by Horner Laboratories, Montreal, 

Que., Canada. 
! 

4.2.2 Ch~micals 

L~ctoperoxidas~, bacitracin, guanosine 5'-triphosphate (GTP) sodium 

salt from equinemusc1e, 5'-guanylimido-diphosphate (GMP-P(NH)P) sodium 

salt, adenosine 5 '-triphosphate (ATP) disodium salt from equine muscle, 

adenosine 3':5' eyclic monophosphate (cycUe AMP) sodium sait and 

" 

1 

1 

1 
1 
1 

.1 

l , 
1 
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creatine phosphate (ç:RP) disodium salt were purchased from Sigma, St. 

Louis, Mo. Fo~skolin (FSK) from ColeQ,a forskohlii and di thiothreitol 

O>TT) or Cl~land' s reagent were purchaged from Calbiochem-Behring 

Corp., SAln Diego, Ca., Creatine kinase (CK) from rabbit muscle and 

myokinase from rabbit muscle were obtained from Boehringer Mannheim, . . 

&kAli 

Montreal, Que., Canada. Sodium fluoride was obtrained frpm Aldrich Chemical 

Co., Montreal, Que., Canada ~ Radioiabeled adenosine 5 '-triphosphate, tetra 

(triethylammonium) salt, [cx_·32p] or [(l-32p} ATP' was purchased from 

. Amersham Inc., Arl~ngton Heights, Il. .. 
4 .2.3 Dowex· 50 col UJD[lS 

These columns were prepared 'by ~dding a suspension of B'iorad AG 

50 W-8X, 100-200, mesh" H+ form, into 0.7 x 4 cm polypropylene columns 

QO ml) to give a final bed height of 3.5 cm. After use çolumns vere 

regenerated by addition' of 5 Ùù. of lN HCI followed by three s.uccessive 

washings of 8 ml 'deionized trater. 

4.2.4 Aluminum oride (alumina) columns 

The aluminum oxide was suspended in 100 mM Tris-Hel, stirred, 

allowed to settle for about 1 min, decanted and resuspended. This 

process was repeated 4-5 ~s to 'remove any fine particle's which would.' 

retard the column' s flow rate. Columns (~. 7 x 4 cm) were packed to 

give a bed height 'of 3.5 cm. One wash of 8.ml 100 nM Tris-HCl is the , 
only requirement to regenerate these columns. 

4.2.5 
1 

Preparation of testicular tissues 

Human testes collected st surgery or within 12 h post mortem 

from healthy individuals were utilized J;or the ~tudy. Tissues wete cut 

into small piecas and homogenized in 25 mM Tris-HCl buffer pH 7.2 

çontaining 100 mM sucrose anq l mM EDTA. The solution wss th en filtered 

through cheese-cloth and centrifuged at 40,000 x g. T~e resultant Pl 

pellet was ,resuspended (1 g per 2 m1~n 25 mM Tris-HCl buffer pH 7.2 

'. 

". 

j~ 
1 

1 
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containing (1 mM EDTA). EDTA (1 mM) was utilized to preserve the 

act:1vity of, ,adenylyl cyclase dur::l.ng homogenization and prolonged storage. 

This concentration of EDTA does not, interfere ~th .l25I ... labeled 

g~nadotropin binding to the human testicular gonadotropin, receptor. 

Sim11arlY' fractions. were prepared from 34 day old CRCD rat testes. .. 
Protein con tent was assessed as described pl'eviously in Chapter 2 (see 

Section 2.2..5). 

4.2.6 Iodination of hormones 

-
. The gonadotropic hormones, hCG, DGhCG and hFSH were labeled ~th 

125 
l by the lactoperoxl.dase method as previoœly descr:1bed in Chapter 2 (see 

Section 2.2.6). The ~pecific activities of the labeled hormones were 

in;' the range of 50-80 )lei per )lg. 

4.2.7 Deglycosylation of the' gonadotropins 

The gonadotropic hormones, hCG, oLH and oFSH were' separately 

subjected to deglycosylation by exposure to anhydrouilt-·HF for 60 min at 

Oc as previous1y descr;bed (33). This procedure removes approximately 

80% of the carbohydrat"; residues wi. thout damaging the protein backbone. 
~ 

'\ 

4.2.8' Binding studies 

The compounds estradiol (MW 272.4), diethyl stilbestrol (MW 268.3), 

testosterone (MW 288.4), androstendione (MW 286.4), and progesterone (MW \ 

314.5) were dissolved in ethanol ta give a final concentration of 6 mg/ . 
400 u1. Preheating at 40-50C for one minute was required for samp1es 

to dissolve. Dil,~t'hyl stilbestrol sodium phosphate (50 mg/ml) (MW 428.3) 

and the deg1ycosy1ated gonadotropic hormones are water soluble and were 

directIy diluted w~th assay buffer. Assays w~re performed in triplicates 

in 10 X 75 mm disposable polystyrene tubes. Un1ess otherwise indicated, 

each tube contained approximately 50,000 cpm (400 pg) of l25I-Iabeled 

hormone, 100-300 llg protein equivalent of the testicu1ar subce11u1ar 

1 f~action Pl~ sa )lI of the agent to be tested and 100 f.l1 of the unlabeled 

J' 

! 
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.1 

hormone (500 fold exce.ss) and/or. assay buffer to constitute a final 

volume of 250 ~l/tube. In the case of the steroid hormpnes, suitable . , 
controls receiving the same concentration of ethanol or assay buffer 

were always employed. The assay buffer consis~e;.d of 25 uM Tris-HCl 

buffer, pH 7.2 containing 0.1% BSA, O.~% MgC12 and 0.6 uMbacitracin. 

The tubes 'were vortexed and incubated in a continuously shaking Otbnoff 

water bath for 15 h st 25C. The reaction was terminated by the addition 

of 2 ml ~f' chilled ~say buffer followed by centrifugation at 2900 x g 

for 15 min at 4C in a 'table top IEC clinical cen~rifuge. the supernatant 

was removed by' a~piration under vacuum and the radioactivity in the 

pellet was determined in~an LKB rackgamma II counter (counting efficiency 
~ / ~ 

. 70%). The difference between the total radioactivit~ bound and nonspecific 

binding was defined as the amotint specifically bound and eJqlressed as a .. 
percentage of the total counts put into the tubes. 

4.2.9 Reversibility of synthetic stetoid hormone act~o~ 

The human testtcular subcellu1ar fraction Pl was Urst incubated 

with the comPound being tested for 2 h at 34C in a final incubation volume 

of 250 \..11. The tubes were then washed once with 2 ml oi chilled assay 

buffer, the membranes recovered by centrifugation at 2900 x g for 10 m:f.n~ 

at.4C and the supernatant removeâ by aspiration. Tubes were resuspended 

·to th~ original vol~ with the assay buffer and' eith~r l25 I _hCG' or 

12SI_hFSH. of!,. second incubation of 15 h at 25C was th en performed. 

Specifically bound radioactivity in the pellet was determined and expressed 

as a percentage of control, tubes. 

4.2.10 Adenylate cy~lase assay .. 
32 Aqenylate cyclase activity was determined by measuring [ p] cyclic 

. 32 
!MP formationfrom[a P] ATP as described previously (276,277) with 

minor modifications. Unless stàted otherwise, the assay œdium consisted 

of 25 nM Tris-HCl buff'er, pH 7.2, 0.5 mM MgATP. [a.32p] ATP (1.2-1.8 x 

10P CPM), 5 mM MgClZ (in excess of the ATP concentration), 0.5 nM cyclic 

AMP, l Jœ! DTT, 10 \..IM.GTP and an ATP 'regén~g system consisting of 

.. 



1 
1 
1 
1 
1 
1 
1 
1 

'. ' 

;, ' ..... 

140 

5 mM creatine phosphate, 0.1 mg/ml creat;:ine kinase and 0.1 mg/ml 

myokinase in a finhl volume of 200 ~l. The above conditions resulted 

in optimal stimulation of adenylate cyclase activity by the gonadotropic 

hormones. Incubations were initiated by the addition of rat or human 

testicular tissue (50-100 Ug of protein) to the reaction mixture which 

had been thermally equilibrated for 15 min at 34C. Reactions were 

terminated, after a 15 mi~ incuba tian at 34C, by addition of 0.6 ml 

of a zinc acetate-cyclic ~P s~lution (43 mg cyclic AMP/250 ~1 120 mM 
zinc acet:ate) and 0'.5 ml of 1~4 mM sodium carbonate (Na2C0

3
). This 

step results in the partial purification of cyclic AMP by coprecipitation 

of other nucleotides. Precipitation was aided by centrifugation at 

2900 x g for 10 min at 4C. Cyclie AMP was further purified by 

'subsequent chromatography on a double column system as described 

previously (276, 277) with minor modifications ~ 

4.2.11 Separat,ion of [32p ] cyclic AMP from [a32p] ATP dèrived [32p] 

~ labeled compounds 

As stated in the previous section, cyclic AMP is initially purified 

by coprecipi tation of con taminants. Following centrifugation ~ a 1 ml 

aliquot of the clear supernatant .from each tube was applied to a 

separate Dowex 50 column and the effluents discarded. These columns 

were washed with 3 ml deionized water and the effluents again discarded. 

The Dowex 50 columns were: subsequently p.laced on top of a set of 

aluminum oxide columns '(piggyback) and cyclic AMP eluted from the 

Dowex 50 columns into the aluminum oxide columns by applying 8 ml., 

deionized water to the Dowex 50 columns. Eluates from the Dowex 50 
<, 

columns are àl1.owed to penetrate completely into the aluminum oxide 
, 32 

columns, whose effluents are discarded. [ p] cyclic AMP is then eluted 

from the aluminum oxidè columns directly into 20 ml scintillation vials 

by addi tion of 8( ml '100 mM, Tris-HCl to the aluminum oxi.de columns. 
o 

Chromatography on the double column system results in the removal of 
32 ' 

more than 99% of the contaminating P. The samples were analyzed 
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for [32p ] cyc1ic AMP by 10 min counting in a ~eckman LS-350P 1iquid 
32 .f 

scintillation counter. Overa11 recovery of [ p] cyc1ic AMP per tube 

as assessed by reading the optica1 density at 259 nm was 70-90%. 

Assays were carrted out in trip1icate and resu1ts expressed as the 
" mean of at 1east two experiments: Acti'l'ity was.,.expressed' ~~l pmol 

cyc1ic AMP formed per 15 min per mg protein. 

4.2.12 Statistica1 ana1ysis 

Data were ana1Y4ed for significance by Student's 't' test: Dis­

placement curves were tested for para1le1ism and Scat chard plots 

performed using a programmable Hewlatt-Packard desk top ca1culator. 

4.3 Resu1ts 
, , 

4.3.1 Gonadotropin-sensitive adenylate cyclase 

The presence of a gonadotropin sensitive adenylate cyc1ase was 

investigated in 40,000 x g membrane fractions derived from human 
, '125 125 

testicular tissue wl}ich demonstrated significant I-hCG and I-hFSH 

binding. Each tissue (3-20-mg equiva1ent of original testes weight) 

was simultaneously assessed for F6H and LH responsive adeny1ate cyc1ase 

activity using a saturating dose of the gonadotropic hormones (1 ~g) 

under standard assày çonditions (see S~ction 4.2.10). A wide fluctuation 

( of FSH stimu1a~d adeny1ate cyclase activity was observed. Of the 

44 tissues procured from the clinique, on1y 27 of these tissues (61%) 

had significant FSH resp~nsive adenylate cyc1ase activity. Of these 

27 tissues, 41% (11/27 tissues) responded weIl. to hFSH (sti~ulation 

was greater than l.6times basal activity), 44% (12/27 tissues) were 

1.3-1.6 times as active and the remaining 15% (5/27 tissues) were po~r 
~ . 

respo~ders, ,i.e. less than 1,'.3 times as active as tne basal activity. 

Typical results are summarized in Table 16. A maximum of 2:0 fold 

stimulation over the basal values was obtained. Sutlsequent experiments 

utilized tissues from the first group (1.7 x basal activity), to ensure 

maximization of the response and reliabi1ity of the recorded data. 
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TABLE 16 

RELATIONSHIP OF FSH STIMULATED ADENYLATE CYCLASE ACTIVtTY TO nIE 

NUMBER OF GONADOTROPIN RECEPTORS rN THE HUMAN TESTES 

FSH 
response 

Number of 
tiss~es 

% FSH stimulate':f 
adenylate cyclase 

activity 
FSH receptors 
mOI/g t-estes 

LH recep.tors r 

fmol/g testes 

FSH 
responsive 12' 60-120 280 .OO~43 .08 58 .55±15 .06 

FSH 
responsive Il 30- 60 269 . 25±46 .12 101. 70±24 .13 

FSH 
responsive 4 20- 30 359.2S±88.65 15.25±32".09 

FSH non­
responsive 17 229.94±38.41 59.94±11.85 

Testicular tissue (50-100 ~g fraction Pl) was obtained from individuals 
aged 16-70 yr.' Adeny1ate cyclase activity was measured under standard 
assay conditions (see methods, section 4.2.10). Gonadotropin binding 
capacity was assessed by Scatchard and saturation analysis using 125I-hFSH. 
Data represents the mean ± SEM. 'Note the subdivision' of FSH responsive 
tissues is arbitrary. There was no statistically significant difference 
in the number of FSH or LH recèptors. In a11 groups, the numbe'r of FSH 
receptors "l'as significantly greater than the number of Ul receptors., 
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~~resp~ns~ 
anYt significant 

l25I-hCG binding . 
sites (Table 17). 

to l flg heG or hLH (data not shQwn), very little, if 

enzyme stimulat~on was oJ;lserved in spite of good 

and the presence of sufficient accessible binding .. 
Only 8 out of 36 tissues (22%) had LH responsive 

adenylate cyclase ~ctivity. 

, No significant differ,ence was observed in the FSH or LH(hCG) 

binding capacity of the gonado~ropin adenylate cycla'se responsi ve and _ 

non-responsive testicular tissues. Among t:he three FSH adenylate cyclase 

respons~ve ttssu~s, no correla,tion between gonadotropin reeeptor numbers 

and adenylatè ,.cycla8.e 'activity was detected. Indeed t t:f.ssues with the 

. same number of FSH receptors exhibited v~-rious degrees of FSH responsive 
} 

adenylate cyclase activity, from no detectable t:espons~ to a ~wo fold 

stimulation of adenylate cyclase acti vit Y • The few tissues with 

. significant adenylérte cyclase' activ~ty precluded an ag~ dependent study. 

j" Nonetheless, FSlt responsive adenylate e~clase aeti vit Y was observe~ in 

tissues from individuals aged 20-60 yr. This seems to suggest that FSH 
1 

stimulation ,of adenylyl é}rclase is age independent. 

The l.ow e~zyme response to heG (0-40% above basal) might reflect 

the use of a suboptimal concentration of hormone. Whereas increasing 
, 1 

concentrations of hFSH (l-5000 ng) 1ed to a well def~ned dose dependent 

inerease in FSH-sensitive adenylate cyclase ·activity .(Fi$.' 47), 1ittle 

or no change in the LH(hCG) sensitive enzyme activity was obser-ved. 

Therefore fai1ure to obtain large stimulation of adenyréite cyclàse 

activity by hCG was not du~ to insufficient hormone. The first increflse 

in adenylate cyclase activity occurred in the presence of 1.67 nM hFSH. 

The EC
SO

_ for hFSH stimulation of adenyla'te cyc1ase was 8.33 nM with 

saturation occurring at 83.3 nM hFSH. In agreement with the poor binding . , 

ab'ility of 12SI-hPRL to the human' or rhesus' monkey testes (less than 1% 
'1>; 

specÙiç- binding), hPRL (1 Ug) did not ,significant1y stimul~te ; the 

human testicular adeny1ate cyclase enzyme. Humart growth h0t'll!0ne (1 \lg 

hGlt) and isoproteronol (5-500 flM) also did not significantly increase 

the activity of adenylate cyclase. 
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l'ABLE 17 
1 • 

RELATIONSHIP OF GONADOTROPtN STlMULATED' ADENYLATE CYCLASE ACTIVITY '\ 

TO THE NUMBER OF GONADOTROPIN RECEPTORS IN THE HUMAN TESTES 

Gonadotropin 
response 

FSH responsive 

• J 
F,SH non-responsive 

hC~ responsive 

hCG nOI).-responsive 

Number of 
tissues 

27 

17 

8 

28 

% gonadotropin 
stimulated ,FSH rec~ptors 
ad~ny1ate cyc1ase fmo1/g 
activity testes 

~ 

20-120 286. 96:t29~. 34 

222 ./94±3S'. 47 

7-41 338.13±54.39 

290 .,89±26. 35 

,LH 
recepto.rs 

ofm;ol/g 
testes 

78. 48±13. 05 

59. 94±l:'1. 85 

81. 33±J.8 .10 

'74. 26±12. 32 

Testicu1ar fraction Pl (50-100'\lg). was obtained from individuals aged 
16-70 yr. 'Adenylate cyclase, activity was measured Ulider standard assay 
conditions (s~e methods, section 4.2.10). Gonadotropin b'*~din& capacity 
was assessed by Scatchard and saturation analysis uaing l~SH and -' _." 
125I-hCG. "Data represents the Mean ± ,SEM. Among the various groups, 
there was no statistically significant difference in the number of FSH '" 
or LH receptors. In aIl groups, the number of FSH receptors W&S 

significant1y greater thau the number of LH receptdts. 
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FIG. 47 

Stimulation of human testicular (20 yr) adenylate 'cyclase activity' by 
\ 

various concentrations of' hFSH. Adeny1ate cyclase ac.tivity in tl1is 

-and subsequent figures was asses,sed as st$ted in methods '(section 4. ~ .10) . 

Basal enzyme activity W8.$ 130.81 ± 0.84 pmol cAMP (mg proteioo15 min)-l . . 
Unless stated otherwise, data represents the mean ± SEM of tr1pl~cate 

determinations of one of at least two separate experiments. 
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4.3.2 Optimum conditions for adeny1ate cyclasè' activatioof"bY hFSH 

\ « 
Stimulation of ..adeny1ate cyclase by hFSI:l (1 \.lg) was propottional 

ta th~ amount of testicular protein added (Fig. 48). There was' a 

linear increase in thè production of cyclic AMP between 50-200 \.lg of 

protein. At, equi valent protein concentrations, no significant stimula­

tion of adenylate cyc1ase ac ti vi ty by hCG (1 ~g) was obtained with 

this tissue. A comparison of the ability of FSH to bind ta the testicular 

receptor and stim\1late adenylate cyc1ase is shawn in Figure 49. Optimal 

binding of FSH to the FSH receptor at 34C occurred wi thin 10 h (Fig. 49A). ~ 

A linear activation of adenylate cyclase activity was observed for up 

to 20.-:e\nn at 34C (Fig. 49B). Note that maximal activation of FS~ 
stimulated adenylate cyclase activity does not çorrespond to maximal 

binding of l25I-hFSH. In tQ.e presence of low binding, we observ@ optimal 

adeny1ate cyclase acti;'ity. At 20 min when cyclase aétivity is maximal, 

only 20% bind-ing of l25I_hFSH ta its r~cepto~ is observed. Prolongation 

of the incubation, led ta a progressive fall in adenylate cyclase activity 

in. spite of incre~sed binding of l25I-hfSH. Under standard assay condi­

tions (see Methods, section 4.2.10), optimal stimulation of adenylate 

cyclase activity occurred in' the presence of 5 mM creatine phosphate 

(CRP). Dithiothreitol (1 mM DTT is used to protect adenylyl cyclase 

from oxidation or loss of free sulfhydryl groups. Whi1e this concentra­

Cion of DTT is not detrimental, larger concentrations inbibited the 

FSH responsive adenylate cyclase activity. 

4.3.3 Metal ion dependency of testicular adenylate cyc1ase 

Metal ions have b~en shown to play an important role in the actiya-
, 

tian of adenylate cyc1ase in various tissues such as the bradn, li ver 

and heart (278-280). In the present s tudies, hFSH stimula tian of 
, 

adenylate cyclase was also dependent on the concentration of metal ions 

(Fig. 50)"!' Although basal enzyme activity increased with increased 
2+ 2+ 

metal ion concentration of Mg or Mn ) the degree of stimulation 

(VFSH/VBASAL) was greatest at low ionic concentrations. A two fold 

stimula tian of a~enylate cyclase acti vi ty by hFSH was observed in the 

presence of 0.5 mM MgC1
2

, which was completely abolished at high 
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FIG. 48 

The effect of increasing concentrations of fraction Plon basal (dashed 

line) and hFSH (1 ~g) stimulated (solid line) human testicular adenylate 

cyc1ase activity. Testicular tissue was obtained from a 52 yr old 

individual. _B,asai enzyme activity was set as I for comparison. 
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FIG. 49 

125 
Time doependence of I-hFSH binding (A: top panel) and af 

FSH stimula tian of adenylyl cyclase (B: b~ttom panel) at 

34C. 'Human testicular tissue (50-150 ]1g{ was obtained fram 

2 different individuals aged 73 yr (panel A) and 69 yr 

(panel B). Adenyla te cyclase activity wa8 determined in 

the presence (saUd line) or absence (dashed line) of ...... 

1 J-lg hFSH. Basal enzyme activity was set as 1 far comparison . . 
In this and subsequent figures, where errar bars are not 

shawn the errar is wi thin the poin t . 

1 
( 

1 

l 
1 
1 
1 
1-

1 



, 
1 
1 
1 
1 
1 
1 
1 
,. 

1 

e 

<..!) 

~ 
Cl 
~ 
(Xl 

..... 
~ .... 
c .... 
~ 

148 

8 

7 

6 

5 

4 

2 

'" (2.01) .......... 
1.80 ...... 

;.A .... 

ro 20 

TIME (hr) 

,.'" ,. .'" '" "" 
",,'" 

"" 

.... 

-, -
r 

/ 
,/ 

" .... 

(1.58) 

_e _ .... 

/.il 

l 

j 
i 
1 

. , 

1 

. 
1 
1 
i 
1 
l 

~ , 

J 
1 



j 

1 
1 , 
1 

1 

ï 
1 
1 

1 , 

J 

. , 

... 
149 

200 

, , 
'" 

100 
, 

1)" 
>- 1r""" .... - , , - 1 , , 
~ - r - c:: 

(2.00J .... '- " e ...% u I.t') --' '~ -. 0 0.01 0.1 1 10 100 Lu c:: .-CI') Ch MgCI2 (mM) 
~ - 200 <:> 
-.1 .... 
U Q. 
>- c:n (1. 31) (1.26) (1, 10) 
U E (1.08) 
Lu -.... 0... 100 ~ ~ 
-.1 < >- (,) 

<: -Lu <:> 
Cl E ( 1.25) 
~ Q. 

0 0.01 0.1 10 
MnCl2 (mM) 

FIG. 50 
, 

Effect of various concentrations of MgCl
2 

(A: top panel) and MnCI
Z 

(B: bottom panel) on the human testicular adenylate cyclase activity. 

Testicular tissue was obtained from two d\fferent in~duals aged 

20 yr (panel A) and 58 yr (panel B). Adenylate cyclase activity was 

determined in the presence (solid line) or absence (dashed line) of 

1 J,.lg hFSH. The salts. MgCl
2 

(panel A) and MnCl
Z 

(panel B), were 

ami tted from the assay mixture and added separately at the indicated 

concen,trations. Basal enzyme activity was set as 1 for camparison. 
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concentrations ( >10 DM MgCI
2
). In the case of MnC12, maximal stimula­

tion was observed at 0.1 uH MnC12 • The FSH responsive adenyla(e cyclase 

in the human testes is aIso influenced by the concentration of MgATP 

(Fig. 51). Both the basal and hFSH stimulated adenylate cyclase activity 

increased with increasing concentrations of MgATP at a fixed bconcentration 
+2 

of Mg (0.5 DM). The relative response to hFSH was optimal at 0.5-1.0 ut! 

MgATP. These data suggest that FSH, l1ke other hormones, binds to the 

meta1 biuding site in this system (t67, 268). 

4.3.4 Effect of guanine nuc1eotides 

Guanine nuc1eotides have been shown to be required for the 'expression , 
of hormone responsi ve adeny1ate cyclase activity (280-2B3). The effects 

of guanosine 5 '-triphosphate (GTP) or 5 '-guany1imido-diphosphate 

[GMP-P (NH)p], a nonhydrolyzable derivative of GTP, on the human testicular . ' 
aqeny1ate cyclase activity in the presence and absence of FSH was 

investigated util1zing a particulate fractwn Pl. As indicated in . 
Table 18, GTP and GMP-P(NH)P at various concentrations, 0.1-100 lJM, 

did not significantly change the basal adenylate cyclase activity. 

Indeed, the FSH stimulated adeny1ate cyc1ase aHivity (1. 70 x) was a1so 
'" 

not significantly al tered by the presence of GTP or GMP-P (NH)P, whether 

a homogenate or particulate men:brane fraction was utllized. The lack 

of a requirement of GTP for stimulation of the human testicular adenylate 

cyc1ase migh t be due to the presence of endogenous GTP ~n the tissue 

extr ae ts (284). 

4.3,) Specifie bind:ing of native and deglycosy1ated gonadotropins to 

the human testicular gonadotropin receptor 

The abi1ity of several gonadotropic hormones and their deglycosylated 
125 125 

deri vat! ves to compe ti ti ve1y displace radiolabeled I-hFSH and I-hCG 

from their respective human testicular receptors i8 i11ustrated in 

Figure 52. The displaeement curves of the native and de~lvcosvlated 

hormones were not significantly nonparallel. Remova1 of approximately 

80% of the earbohydrate moiet1es .trom the native hornxmes did not impair 
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Dependence of adenylate cyclase of the human testes (60 yr) on the 

concentration of MgATP. Adeny1ate cyclase activity was assesse4 in 
- -~ 

the presepce (soUd 1ine) or absence (dashed line) of 1 llg hFSH. 

\ 

The MgAT~ was omitted from the assay mixture and added separately at 

the indicated concentrations. Basal enzyme activity was set as 1 ·for 

comparison. 
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TABLE 18' 

. 
EFFECT OF GUANINE NUCLEOTIDES ON BASAL 1 AND FSH STlMULATED BOMAN 

TESTlCULAR ADENYLATE CYCLASE ACTIVITY 

% 
\ 
'1 Concentration .. 

Basal hFSH (1 \.18) Stimulation l Ajditions (~) 

. 
None 81. 71±4. 51 137.99 ±2 • 84 1.69 

GTP 0.1 91.14±3 .. 6~ 158.04±1. 90 1. 73 

1.0 98. 03±3. 28 161. 19±4 .71 1.64 
~ . 10.0 94.89±2.23 159. 61±3. 71 1.68 

100.0 101. 82±4. 41 169. 43±3. 55 1.66 

GMP-P(NH)P 0.1 85. 23±5 .13 151. 94±5. 56 1. 78 

1.0 93. 78±4 .Q9_ 152 .O9.±2.9..8 1.62 

10.0 96.49±3.4.3 163.43±4.50 ' 1.69 

100.0 104. 11±3. 22 179.65±8.23 1. 73 

9 

Adeny1ate cyc1ase activity was assessed as stated" in methods (section 4.2.10) 
except that GTP was omitted from the assay mixture. Testicu1ar fraction Pl 
(60 \.Ig) was obtained from a 60 yr old man. The values represent the maan ± 
SEM of tripl1catè determinations of at 1east two separstè. experiments. 
Basal enzyme activity was set as 1 for comparison. ( 
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FIG. 52 

CA) TOP PANEL ) 

Comparison of the abi1ity of the gonadotropic hormones and 
125 

its derivatives to displace I-hFSH from the.human 
/ . 

testicular (51 yr) FSH receptor (Pl). The amount of 

hormone specifically,. bound (8i. total binding) was set 

as 100% for aIl calculations. The average potency was 

calculated from the amount (ng) of hormone required to 

displace 50% of the radioactivity.from the receptor. 

Setting hFSH as l, the potency of DGoFSH was 1.26 x 

(1.17~1.36, 95%·C.L.), whi1e oLH, DGoLH, hCG, and DGhCG 

were less than 0.001 x as active. 

(B) BOTTOM PANEL 
.... 

Comparison of the ability of the gonadotropic hormone:&-. 
125 

and its.derivatives to displace I-hCG frbm the human . 
testicular (50 yr) hCG receptor (Pl). The amount of 

" 

hormone specifically bound (8% total binding) was set as 

100% for aIl calculations. Setti~ hCG as 1, the potency 

of DGhCG was 3.34 x (2.29-4.80, 9§% C.L.), while oLH, DGoLH, 

oFSH, and DGoFSH were less than 0.001 x as active. 
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the dose dependent interaction of these deg1ycosy1ated derivàtives with 

the human receptor. On the contrary, the binding potencies of DGoFSH 

(1.17-1.36,957. C.L.) and DGhCG (2.29-4.80,95% C.L.) to their respedoive 

receptors was enhaneed. The specifieity of this reaction was demonstrated 
125 

by the inability of DGoFSH and DGhCG to respeetively displace I-hCG 
125 

and I-hFSH, except at verytigh (nonphysiological) concentrations. 

Although deg1ycosy1ation of oLà' enhaneed its potency in the rat LH 

radioreceptor assa:y, DGoLH disp1ayed on1y a slight enhancement of 
125 

acti vit y in the human LH radioreceptctr assay. IDidiolabeled I-DGhCG 

was specifically boœd by the human and rat testes (data not shown). 

This confirma the above observations that deg1ycosy1ation does not impair 

the hormone receptor itlteraction. This is the first demonstration 'that 

deg1ycosylation does not change the species specifici ty requirement of 

the receptor. 

4.3.6 Antagonistic effect of deglycosylated FSH on FSH-stimulated 

adenylate cyc1ase activity 

The human testicu1ar adenylate cyc1ase enzyme can be equally 

1 aetivated by 'either 1 )Jg of the nonprimate hormones, ovine and equine 

FSH, or the primate hormone, human FSH. As il1ustrated' in Figure 53A, 

oFSH and eFSH gave identical dose respanse curves for stimulation of 

adeny1ate cyclase activity in man. LOW, but significant stimulation was 

obtained with DGoFSH. However, addition of an excess of DGoFSH (5 j.Ig 

DGoFSH) was ineffective in stimulation of adeny1ate cyclase activity to 
o 

1evels obtained wi th an optimal dose of native F'SH (500 ng) in the human 

(Fig. 53A) or rat testes (Fig. 53B). DGoFSH was a potent antagonist of 

the action of the native hOI1fne. Addition of DGoFSH led ta a -dose ..1 

dependent inhibition of FSH stimulated adenylate cyclase acti Vi ty in the 

h~r rat testes (Fig. 53). At a concentration of 1 j.Ig DGoFSH, the 

effects of a saturating dose of oFSH (1 llg) were completely abolished. 

This inhibition was specifie as de~onstrated by the absence of any effect 

of DGhCG (1 j.Ig) or propranolol (100 j.IM), a cateellolamine inh,ibitor, on 
~ J 

FSH sUm'ula ted adeny1ate cyc1ase activity (Table 19). 
'\ 
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hFSHloFSH 

hFSH+DG-oFSH 
(1oong) 
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FIG. 53 

Inhibition of FSH stimula ted adeny1ate cyc;;1ase activity by 

various concentrations of its deglycQsylated derivatdve 

(DGoFSH) in the human (A: top panel)' an~ ral: (B: bottom 
Il> , 

panel) testes. Testicular tissue was obtained from an 

adult human (20 yr) and,rat (34 days). Activi~y was 

determined in the pre!;!ence of FSH (0-0), and DGoFSlI (.-1) 
'" 

a10ne or in various combinations. Basal enzyme activities 
4 

were 130.81 ± 0.84 and 23.14 ± 2.49 pmol cAMP (mg protein -
-1 

15 min) for the human and rat respectülelY. 
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TABLE 19 

EFFECT OF VARIOUS AGENTS ON BASAL AND FSH STlMULATED ADENYLATE 

CYCLASE ACTIVITY OF THE ADULT HUMAN TESTES (20 YR) 

Addition 

None 

DGoFSH (208 nM) 

DGhCG (1~4 nM) 

hCG (136 nM) 

PRO (100 \lm) 

NaF (1 mM) 

NaF (10 mM) 

FSK (1 J1M) 

FSK (50 ).lM) 

NaF (10 mM) + FSK (50 J1M) 

a 
Hormone and the compounds to 
membranes. Values represent 
of one of three experiments. 
in the presence of 10 \lM GTP. 

Adenylate Cyc1ase Ac~ivity -1 
pmol cAMP (mg protein . 15 min) 

None hFSH (167 nM)a 

82~2.91 171. 81 ± 1.65 

95.89 ± 3.95 100.33 ± 3.16 

75.10 ± 1.47 168.60 ± 3.49c 

90.26 ± 0.92 176.03 ± 2 .. 03c 

76.95 ± 2.Ub 169.26 ± 6. n C 

327.64 ±10.83 396.30 ± 6.66
d 

1055.93 ±51.22 1028.20 ±20.00 

281. 75 ±12.86 392.02 ± 6.74 d 

739.78 ±20.56 856.75 ±30 .23 d 

2181.63 ±42. 76 

be tested were added together to the 
the mean ± SEM of trip1icate determinations 
Adenylate cyclase activity was determined 

b ti 
Denotes not significantly different from basal value. 

c Denotes not significantly different from FS~stimulation. 

d 
Denotes addition + FSH value is significantly different from addition + 
basal value. 

DGoFSH = Deglycosy1ated ovine FSH (MW = 
hCG (MW = 27,200); PRO = Propranolo1; 
FSK = Forskolin. 

24,000); DGhCG = Deglycosyl~ted 
~F = Sodium f1uoride; 
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4.3.7 Effect of sodium fluoride and forskolin on adenylate cyclase 

activity 

Forskolin (FSKYand sodium fluorfde (NaF) stimulated the human 

testicular adenylate cyclase activity 8 and 12 fold respectively, in a 

concentration dependent manner (Fig. 54). Maximal stimulation of 

adenylate cyclase ~ctivity occurred in the presence of either 10 ~M 

forskolin or 5-10 mM sodium fluoride. Forskolin was more ~otent, with 

an Ei50 value Qf,2~5 ~ compared to an ECSO value of 2.0 mM for sodium 

fluor~de. _In the testes, as in other tissues (285), GTP suppressed 
';> 

forskolln' and sodium fluoride stimulation of adenylate cyclase. 

Forskolin has been shown'~o dlrectly potentiate hormbnal stimulation 

of adenylate cyclase in a nuIDber of tissues (285, 286). Therefore, ft 

was of interest to study thei~ effects in the human testis. The hormonal 

response of the testicular ad~nylate cyclase tu a saturating dose of 

hFSH (1 Pg) was augmented by forskolin. However, sodium fluoride only 

augmented the FSH stimulated adenylate cyclase,activity when given as 

a subsaturating dose. Combin4tion of an optimal saturating dose of 

forskolin (50~) and sodium f~~oride (10 mM) resulted in a doubling of 

adentiate cyclase activity 'CJ;able 19). This suggests that these 'two 

agents stimulate adenylat~ cy~ase by distinct mechanisms. 
\ -\. J 

Forskolin, which can âctiv~te adeny1ate cyc1ase by a receptor 
o 

" independent mechanism (285) stimulated adenylate cyclase a~t1vity irr 

the gonadotropin unresponsive c1ssues. Thus the unresponsiveness to 
/ 

gonadotropins by these tissues wa,s unlikely due to enzyme( inact.ivation, 

but most probably caused by an uncoupling Qf the catalytic subunit of 

'adenylate cyclase. 

't"' 

4.3.8 Effect of steroids on the bi~4ing of l25 I _hCG and l25I_hFSH to 

the human testes 
\ 

The ability of severai estrogenLC compounds (Fig. 55) to directly 

interfere with the gonadotropin-receptor interaction was investigated . 
by incubating the adult human. testicular fraction Pl with either 
125 

I-labeLed hCG or hFSH i~the'presence of these estrogenic compounds. 
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FIG. 54 

Dose dependent stimulation of human testicu1ar (20 yr) adeny1ate 

cyc1ase by forskolin and sodium fluoride. Basal enzyme activity 
î -1 

was 7.83 ± 0.28 pmo1 cAMP (mg protein· 15 min) . 
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Structure of the estrogenic 'compounds used in this study. 
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Among the difrerent compounds tested on1y the synthetic estrogen diethyl 

stilbestrol (DES) and its water soluble clinically used derivative, 

di~thy1 stilbestrol sodium phosphate CDES-NaP) s~gnificant1y interfered 

with the binding of the labeled gonadotropins (Fig. 56). FSH binding 
J 0 125 

ta the nUIDan receptor was affected to a greater degree than the I-hCG 

recepto~.interaction (60% vs 30% inhibition) suggesting a preferentia1 

inhibitory effect of the synthetic estrogens. Of the two synthetic 

estrogens. DES-NaP was the most potent. For example, a concent-ration 
'-

of 364 ~ DESNaP was as effective as a much 1arger concentration,of DES 
125 (1193 ~M) in inhibiting I-hFSH binding by 50%. The steroids , e.-

tes~osterone (T), androstendione (A), and progesterone (P) were without 

effectoat a concentration of 400 ~g/ml. Preincubation of the human FSH 
l 

receptor with DES and DES-NaP, followed by washing, prevented subsequent 

binding of the radio1abeled hFSH, indicating a strong effect which is not 

reversed by ~he washing procedurê (fig. 57). Since DES-NaP is soluble 
, 
in àqueous buffers, the loose1y bound component would be effective1y 

removed by washing. The water solubi1ity of DES-NaP. and the negligib1e 

~ff~cts of ethano1 (1.2% ethanol) on gonadotropin binding confirms that 

ths,interference 'of binding is due to the synthetic estrogens and not 

ethanol. The greater inhibition observed when the human·FSH receptor 
ù was preincubated with these synthetic estrogens suggests an effective 

'a1teration of gonadotropin binding sites on the membranes. 

~ 

4.3.9 Intèrference of hFSH stimulation of adènylyl cyclase by synthetic 

estrogens 

In agreement with their ability ta interfere with hFSH binding, DES 

and DES-NaP competitivel~ inhibited adenylate cyclase activity of the 

human and rat test~s (Fig. 58, Tables 20 and 21). At high concentrations 

(greater than 100 ~g) bath synthetic estrogens were capable of causing 

~lmost complete ~uppression of basal and FSH stimulated adenylate 

cyclase'oactivitY'
Q 

At lower concentrations (less than la llg) the FSH 

stimulated adeny1ate cyclase actlvity of the human.testes appeared to 

be more sensitive to the effects,of the synthetic estrogens. For exa~1e. 
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FIG. 56 

Effect of DES and DES-NaP on 125I_hFSH (A: t~ panel) and 
125 I-hCG (B: bottom panel) binding to 100-200 Ug of the 

human testicular fraction Pl. The maximum binding (10% 

specific binding) to testicUlar tissue from adu1ts (20-60 

yr) was set as 100%. Data represents the mean ± SEM of 

triplicate determinations of at least three separa te ~ 

experiments. 
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FIG. 57 

Reversibility of the inhibitory effects of DES (A: top 

panel) and DES-NaP (B: bo~tom panel) on the bindingo 0y' 
125 

I-hF~H to the human testicular fraction Pl. Th~ . 

maximum bindin~ (10% and 7% specifie binding befo~nd 
after washin~ respectively) to the human testes (20-6~r) 
was set as 100%. Data represents the mean ± SEM of \ 

triplicate determinations of two separa te experiments. ",,---
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o PREINCUBATION AT THE INOICATED OES-NaP 
CONC., WASHING AND REINCUBATION IN THE 
ABSENCE OF DES-NaP 
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FIG. 58 

Influence of varying concentrations of DES-NaP on the 

aderiylate cyclase activity of the 

and rat (B: bottom panel) testes. 

activity in the human (69 yr) and 

human (A: top panel) 

Adenylate cyclase 

rat (34 days) testicular 

fraction Pl was assessed in the presence (solid 1ine) or 

absence (dashed 1ine) of 1 ~g of hFSH. Basal enzyme 

activity of the human and rat testes were 114.0 ± 2.0 and 
-1-

10.2 ± 0.9 pmol. cAMP (mg protein· 15 min) respectively. 

The FSH stimu1ated adeny1ate cyc1ase activity of the human 

and rat testes were 214.0 ± 4.8 and 37.3.:t 0.3 pmol cAMP 
-1 (mg protein ·15 min) respectively. 
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:;" TABLE 20 

INFLUENCE OF ESTROGENIC COMPOUNDS ON BASAL AND FSH STIMULATED 

HUMAN TESTICULAR ADENYLATE CYCLASE ACTIVITY 

Concentration % basal i.hFSH % relative 
Addition (lJ ~) activity activity stimulation 

None 100.00" 100.00 100.00 

DES-NaP 0.1 99.24±2.02 98.26±l.42 97.48±2.52 

1.0 99.l7±!.15 82.95±3.80 82.55±3.86 

S .0 86.09±4.87 59.87±5.19 67.96±3.12 

'10.0 80.69±2.15 S3.97±l.58 65.89±O.48 

50.0 47 .13±!. 85 29.04±2.07 60.73±3.04 

100.0 36.47±0.25 21.65±1.2l 58.06±4.06 

500.0 14.~8±2.84 6. 76±O. 80 S6.98±5.27 

1000-.0 8.34±3.12 S.25±2.65 60. 50±5. 34 

DES 0.1 9S .50±l. 73 93.51;1:4.48 92.86±2.37 

1.0 92 .44±2 .68 70.87 ±3. 03 68.10±3.42 

10.0 83.51±!. 35 40 .59±4. 77 55.24±3.1S 

'SO.O 39.37±4.77 22,. 51±3. 46 65. 06±4. 86 

100.0 11. 33±4. 3i l2.64±4.63 N.D. 

E2 0.1 98.44±!.49 93. 33±l. 30 92. 45±5 .18 

1.9 93.95±O.65 99.72±O.52 105.63 ±l. 57 

10 .0 93. 90±!. 48 82.95±6.58 98.17±5.26 

100.0 92.57±!.52 89 .10±O. 93 95. 85±!. 30 

E26 0.1 99.66:!:O.35 102.65±2.33 105.54±!. 73 

1.0 100. 09±!. 74 97.48±O.75 94.55±3.30 

10.0 92.38±7.44 97.00±4.12 95. 76±3. 62 

50.0 9l.59±3.61 98. 36±3. 92 107. 88±5. 47 

Des-NaP = Diethyl sti1bestrol sodium phosphate 
Des = Diethyl stilbestrol 
E2 = Estradio1-17S 
E2S = Estradio1 benzoate 
N.D. = Not determined 

Adenylate cyclase activity was assessed in 50-100 ~ fraction Pl obtained 
from the human testes (27-70 yr). The basal adenylate cyclase activity, 
hFSH (1 lJ8) stimulated adenylate cyc1ase activit~nd percent relative 
stimulation were set as 100% for comparison. Data represents the mean ± 
SEM of triplicate determinations of four separate experiments. 
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TABLE 21 

EFFECT OF ESTROGENIC COMPOUNDS ON BASAL AND FSH STlMULATED 

RAT TESTICULAR ADENYLATE CYCLASE ACTIVITY 

\ , 

Addition 

None 

Des-Nap 

Concentration 
(llg) 

0.1 

1.0 

10.0 

100.0 

DES 100.0 

E2 100.0 

E28 50.0 

\ 

% basal % hFSH 
activity activity 

100.00 100.00 

100.10±2.75 9 3.01±2. 51 

68.8S±S.98 86.17±3.56 

38.59±3.74 40.57±3.33 

-12. 74±2. 75 .Ji. 06± 2.73 

14. Q.7±S . 01 7.34±2.l9 

98. 79±2.l5 \ 75.50±6.54 

104. 20± 3.89 95.19±3.65 

DES-NaP = Diethyl stilbestrol sodium phosphate 

DES = Di~thyl stilbestrol 

E2 = Estradiol-176 

E28 = Estradiol benzoate 

% relative 
stimulation 

100.00 

93.lS±4.67 

12S.l4±6.06 

144.26±4.41 

43.39±4.43 

52.l6±S.47 

76. Sl:t,4. 74 

91. 38±5. 69 , 

1 
Adenylate cyclase activity was assessed in the rat testes (34 days). 
The pasal adeny1ate cyclase activity. hFSH (1 ~g) stimu1ated adenylate' 
cyclase activity and percent relative stimulation were set ~s 100% for 
comparison. Data reprsents the mean ± SEM of triplicate determ~nàtions 
of two separate experiments. 
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5 ~g DES-NaP caused a pronounced decrease (approximately 40%) in hFSH 

stimulated adenylate~cyclase activity with only a slight inhibition 
#' 

(ab~ut 15%) of basal enzyme activity (Table 20). DES-NàP was a more 

potent inhibitor of adenylate CY~laSe activity than DES in the human 

testes. Whereas the percent rel~!iVe stimulation of the human 

testicular adenylate cyc1ase decl~ed with increasing DES-NaP concentra-

tion, a significant increase in the ~~nt relative stimulation of 

the rat adenylate cyclase activity was ob~erved at 1-10 ~g DES-NaP. 

This increase was due to a greater decline in basal than FSH stimulated 

adenylate cyclase activity (Table~. Whether this lresult was pec~iar 
to this experiment or represents a difference between these two species 

awaits confirmation of the data. It should be noted that ethanol 

itself at high concentrations (greater than 1.5%) leads to a stimula­

tion of both basal and FSH stimulated adenylate cyc~ase activity. 
, 

This necessitated the addition of appropriate experimental controls 
J 

when using ethanolic solutions. Th~ steroi~s E2, EiS, T, A and P were 

less active than the synthetic estrogens and only demonstrated 

inhibitory activity at supraphysiological concentrations. 

4.4 Discussion ... 

The present study demonstrates the existence of a functiona1 

gonadotropin receptor coupled to the enzyme adeny1ate cyclase in, the 

human testes. The hormones human, equine and ovine FSH were aIl capable 

of binding to the human testicular FSH receptor and activating the 

en~yme adenylate cyclase indicating that the human testes is biol,gically 

responsive to primate and nonprimate hormones. However, a disparity 

was observed be~een FSH binding to its receptor and FSH activation of 

adenylate cyclase activity. Consistent with the spare receptor theory 

(138). maximal ~tivation of adenylate cyclase occurred with low hor~oile 

binding. It is not known if the failure of additiona1 FSH binding to 
• 

incr~ase FSH stimulated adenylate cyclase activity i8 due to uncoupled 

receptor-cyclase units or a consequence of having attained the full 

{maximal) biological response. 
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Although hLH and hCG were bound weIl by the human testes, as 

evidenced by significant binding of 125I-labeled heG and hLH and the 

presence of specifie binding sites, they were poor st'imu1ators of 

adenylate cyclase. In contrast to the two fold stimulation seen with 

FSH, the response to hCG was 10w and inconsistent. In a11 but two of 

the 29 gonadotropin-adenylate cyclase responsive tissues, FSH was the 

more potent stimulator of adenylate cyclase activity. Whether the 

increased FSH responsiveness is due to the greater number of FSH 

receptors, the higher proportion of Sertoli cells or the greater 

susceptibility of the Leydig cell adenylate cyclase enzyme to damage 

and/or inactivation is unknown. Such a disparity in the response of 

adenylate cyclase to LH 'tind FSH is not unique to man (273), but has 

been reported in the rat testes and ovary (270, 287). In the present 

studies, the responsiveness of the adenylate cyclase enzyme to FSH 

stimulation was greater in the rat (3-4 times basal activity) as 

compared to the human (2 times basal activity). Huhtaniemi et al. (2741 

have also reported that hCG stimulated cyclic AMP production is greater 

in the rat than human testes suggesting a species related difference. 

Gonadotropin stimu1tted adenylate c~clase activity has been shown 

to be age dependent in the testes and ovary of a number of laboratory 

'animals (270, 271). The small number of gonadotropin-adenylate cyclase 

responsive tissues precluded a~detailed study of the dependence of 

adenylate c~clase activity on changes in age. The FSH responsive 

adenylate cyclase activity was quite variable with enzyme activity 

being detected in the full range of tissues studied (20-70 yr). No age 

group appeared to be more responsive to gonadotropin stimulation. The 

wide fluctuations in adenylate cyclase responsiveness is probably a 

reflection of the clinical history of the patient. Damage of the enzyme 

during tissue preparation or the assay procedure is unlikely since aIl 

tissues were handled similarly and tissues assayed on the same day 

gave variable responses to gonadotropin stimulation. 

Sodium fluoride and forskolin directly activate the adenylate 

cyclase system by a ieceptor,independent~echanism (285, 288). The 
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ability of gonadotropin responsive and nonresponsive tissues to ,react 

identically ta a saturating dose of'forskolin suggests the presence . 
of a functional catalytic subunit. The impairment in the gonadotropin 

unresponsive tissues could be due to an altered regulatory protein (N) 

or an uncoupling of the regulatory protein (N) and the catalytic 

subunit. Such an impairment is thought to account for the decreased 

adenylate cyclase activity of desensitized Leydig cells (289). 

The human testicular adenylate cyclase enzyme shares many of the 

characteristics of the adenylate cyclase enzyme of the nonprimate testes 

(290, 291) and other tissues (292, 293). The enzyme activity was 

dependent on temperature, substrate concentration and metal ions. The 

particulate test~cular adenylate cyclase activity is distinct from the 

soluble adenylate cyclase activity reported in the supernatant fraction ' 
" 

of rat and human testicular extracts (294, 295). The soluble enzyme 
+2 

being different with respect to its dependence on Mn and its un-

responsiveness to gonadotropic hormones. In the present,studies GTP" 1 

or GMP-P(NH)P increased basal and FSH-stimulated adenylate cyclase 
, ' 

activity of the human testicular subcellular fraction Pl but did nO't' ' 
" 

stimulation. A similar phenomenon was observed , change th e degree of 

utilizing testicular 

296, 297). In these 

and corpora luteal tissue of the rat or> pig , ('1.7?', 0 '-J 
systems, GtP could not enhance hormonal stimulation 

of adenylyl cyclaee but did stimulate the catalytic efficiency' of ~e 
~ 

system. Utilizing immature rat testicular extracts, Reichert et' ~L. 
, G 

(298) r-eported that GMP-P(NH)P augmented FSH stimulatio~ of adenylate 

cyclase activity. This discrepancy in results from ,the f'indings of 

other investigators could be due to differ,ences in memb':rane preparations, 

variations in assay techniques or better coupling in: fheir system. The 

poor responsiveness of the ~uman adenylate cyclase system to GTP or 

its ,analog:ue may be due to the presence of saturating levels of endogenous 

GT~ in the human testes. 

Modïficatïon of the carbohydrate portion of the gpnadotrqpins hCG 

and oFSH enhanced their binding to the human testes. Previous studies 

have shown that deglycosylation of gonadotropic hormones does not impair 
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subunit interaction' or creceptor binding to testicular or ovarian tissues 
1 

(26, 299- 302) . Removal of 80% of the carbohydrate residues from these 

gonadotropins, without damage or modification of the protein moiety, 

did not change the hormone specificity exhibited by their respective 

receptors. The human LH receptor, wi th Hs marked preference for 

primate hormones provided us with a unique opportuni ty to assess the . 
role of the carbohydray::e moiety in determining its species specificity. 

'1 

Using oLH, we found that removal of most of i ts carbohydrate moieties 

did not alter t'he species selectivity of the human LH receptor. These 

results suggest that specificity is determine~ Dot only by the hormo~e 

but by the receptor as wel1. The protein backbone and/or the innermost 

carbohydrate moieties of the beta chain are the factors which most 

likely determine hormon~ specificity. 

Although deglycosylatian did not interfere with binding, a drastic 

change occurred in the ability' of the deglycosylated derivatives to 

initiate the cell~lar response, i.e. activate adenylate cyclase. 

Deglycosylation of àFSH sparply decreased i ts abili ty to activate either 

the human or rat testicular adenylyl cyclase ab ove basal values. This 

could explain the inability of DGoFSH ap.d DGoLH to stimulate cyclic 

AMP pro,duction in jsolated rat seminiferous tubules (303) and Leydig , 
"~e l1s (35) respe'ctively. Deglycosylated hCG similarly did not stimulate 

adenylate cyclase in the rat testes (304) or ovary (305). The inability 
• 

of DGhCG to increase adenylate cyclase activity in the human testes 

was not due to a failure to bind to the tissue (data not shawn) but 

likely due to a defect in coupling the receptor to a~enylate cyclase. 

Deglycosylated ~FSH was a patent and spécifie inhibitor of FSH stimulation 

of adenylate cyelase in, both the numan and rat., The data suggest that 

. DGoFSH by blocking the FSH reeepfor sites ean pr~vent FSH activation 

of adenylate cyclase. 

It has long been r"eco'gnized tha t admihistration of gonadal steroids 

in intact animaIs ,results in, an ,inhibitory eff:ct ~>n the reproductive 

system of male animaIs and t'hèt the maIlllQalian testis can synthesize . , 
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estrogens, albeit in smaller quantities than the ovary (306-308.). At 

first estrogens were thought to e~rt their effects solely by suppression 

of gonadotropin secretion by the anterior pituitary (307-309). Seve raI 

recent studies have now shawn that estradio1 administration to intact 

tnales could result in decreased serum testosterone levels by directly 

inhibi ting several testicular enzymes in the steroidogenic pathway (310-

312) . However, very few studies have been carried (out regarding the 

influence of estrogenic compoœds on hormonal binding and hormonal' 

activation of adenylyl cyclase. 

This study demonstrates that structurally unre1ated hormones, such 
~ 

as the synthetic 'es trogens DES and DES-NaP, can direct1y affect the 

specifie interaction of LH and FSH ~ith their respective human testicular 

receptors. It is ,possible that DES or t>ES-NaP may bind to membrané 

(receptor) components (313-315) and subsequently induce conformational 

changes resulting in decreased binding abi1ity of the gona~otropin 

recepto:fs and 105S of basal and FSH stimulated adeny1ate cyclase activity." 

Reports of es trogen rec~ptors in the human testes need to be confirmed 

ClIS-317 ). Preincubation of the human or nonprimate (219) gonadal 

membrane preparations with the synthetic estrogens, fo1lowed.by w~sh~ng, 

effective1y b10cked subsequent gonadotropin binding suggesting a direct 

effect on the human gonadotropin receptor. The ~ynthetic estrogens 

might a1so hinder formation of stable h0rIl19ne-receptor complexes (219). 
, . 

Although effective inhibitors of testosterone biosynthesis by rat, (318. 

319) or human (320., 321) Leydig cells, equiva1ent concentrations of E2 

or E213 did not Interfere wi th the gonadotropin reGeptor interaction or 

r suppress adeny1ate cyc1ase activitT of the subcellular Pl fraction of 

the rat or human testes. The suppressive effects of E2 and EZ8 thus 

appear ta be distal to the activation of cyclic AMP formation. 

A1ternatively, greater concentrations or longer tenn incÙlatiot;lS might 

be required ta observe any inhibitory effects. Exposure of gonadal 

tissues in vivo to E2 for longer periods (greater than 3 claya) resulted 

in supp,ression of the hCG binding capacity an~ LH stimulated adenyiate 

cyc1ase activity (322, 323). Kirchick et al. (323) suggest that both 

the 105s of LH receptors and alteration in tbe nun:ber or structure of 
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the r(!gulatory protein (N) contribute to the 1088 of gonadotropin 

stimulated adenylate cyclase activity. 

It may be noted that pharmacologieal concentrations of the syDthetic 

estrogens were required for inhibition o~ gonadotrop~ blnding and 

adenylate cyclase activity (308). It ls not known if high local 

concentrations of estrogens sufficient to affect testicular function 

could be achieved. Conclupions regarding the role of estrogens in the 

regulation of testicular cell function must take these into consideration. 

It remains to be conclusively established whether estrogens in man 
~ , 

'" regulate t~stosterone production directly at the testes or indirectly 

at the hypothalamic-pituitary level. 
\ 
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CHAPTER 5 

SIJMMARY 

5.1 Summary 

The purpose of this investigation was to gain a better understanding 

of the molecular mechanisms involved in the action of the gonadotropic 

hormones. Utilizing testicular tissue obtained from the human and four 

nonhuman prima te species, it was possible to ident1fy and directly 

compare 

various 

primate 

the properties of the testicular gonadotropin receptors of the 

primate species. As di~7 in the first two chapters the 

and nonprima te gonadotropin te,sticular receptors shared many 

biochemdcal features. In the last chapter the properties of the human 

gonadotropin-adenylate cyclase system were investigated. The data sh~ed 

that at least in the case of the human ~~eceptor, one is dealing with 

a functional receptor-adenylate cyclase unit. 
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5.2 C1aims ta C1rigina1ity 
, 

1) Specifie FSH binding sites (reeeptors) we,re identified in the primate 

2) 

3) 

4) 

5) 

testes. The characterization of both FSH and LH(hCG) receptors in 

the same tissues a1lowed direct comparison of the bioc cal 

properties of the gonadotropin receptors. The use f homo1~gOus 
• i " 

hormones in the study of binding characteristics ~f the human ,) 

gonadotropin receptor makes the data phySi01ogiC11y relevant. 

In the primate, age dependent changes in the ee.siicu1ar gonadotropin 

binding capacity and apparent binding affinity have been correlated. 

Specifie differences have been shawn between :primate and nonprimate 

go~dotropin testicu1ar:" receptors with respect to their species 

specificity. In both the human and ye110w baboon, the FSH receptor 

cou1d recognize heterologous hormones but the LH receptor was highly 

specifie to primate hormones: 

Detection of an FSH soluble receptor-like compotlent and a receptor 
~. 

binding inhibitory factor in ,the cytosolic fraction of testicular 

extracts of primate as weIl as nonprimate species. 

Characterization of an FSH responsive adenylate cyc1ase from human 

testes. , 
6) The carbohydrate portion of the gonadotropins is not essential for 

binding to the human testes. It i8 however important for the activa-. 
tion by FSH of the human and rat testicular adenylate cyclase. 

Deg1ycosylated FSH uncouples the FSH receptor-adenylate cyc1ase 

system providing reproduc;tive endocrinologists with an effective 

and specifie antagonist. ( 
7) The synthetic estrogens, DES and DES-NaP, effectively interfered 

~ 

with gonadotropin binding and actiyatian of adenylate cyclase. The 

,use of high nonphysiological concentrations precludes it being a 

specifie or physiologically relevant effe,ct. 
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