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The rainbow trout (Oncorlivachus myvkiss) ovarian gonadotropin (G'VH 1) receptor was
solubilized by extraction with the nonionic detergent 1% Triton X-100 in the presence of
200 glycerel. The hormone-binding characteristics of the soluble receptors were similar to
those of membrane-hound receptors: the Scatchard plot of the equilibrium binding data
produced a straight line, suggesling that the solubilized GTH tl receptors, like membrane-
bound receptors, contained a single class of high affinity '*I-sGTH 11 binding sites with an
association constant of 2-5 > 1" M~H (K, = 1.42 x 10" M~ for membrane-bound
receptor). The maximal binding capacity was very low and varied from 7 to 17 fmol/mg
profeins (about 5 fmol/mg ovarian membrane protein). The soluble receptor was purified by
a simple and rapid immunoaffinity chromatography. The sGTH 1t-solubifized receptor com-
plex was adsorbed to anti-sGTH 11 B-subunit gammaglobulins covalently linked to Sepha-
rosc 4B and then eloted with an acidic buffer. About 50% of the binding activity present in
the Triton X-100 extract was recovered in the pH 4 eluate. The other binding sites were
eluted as o hormone-receplor complex and/or a damaged form. The free purified receptor
presented a K, of 1.3 x 10" ¢! in agreement with those found in membrane preparation

and solubilized extract.

In salmonids the maturational gonadotro-
pin (GTH 11) 1s involved in the regulation of
female gametogenesis {Nagahama, 1983;
Breton ¢f al., 1983). The circulating GTH I
concentrations vary during induction of ex-
ogenons vitellogenesis and the final stage of
oocyte maturation (Breton et al., 1983}
Plasma GTH H levels are very low at the
beginning of the vitellogenesis, increase at
the end of the vitellogenesis, before oocyte
maturation, reach a maximum after the
ovulation, and then decrease. Short-term
studies showed the presence of cither daily
or pulsatile rhythms of GTH 11 secretion,
according to gamelogenic stage (Zohar et
al., 1986a.h). These rhythms are jinked to
the effects of the hormone on ovarian ste-
roidogenesis. In trout, during vitellogenesis
pulsatile GTH 11 sccretion induces a high
concentration of estradiol; during the peri-
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ovulatory period the circadian rhythm of
GTH I secretion participates in the inhibi-
tion of aromatase activity (Young ¢! al.,
1983), resulling in a decrease in estradiol
secretion and stimulates the production of
the meiosis inducing steroid, 17q.208-dihy-
droxy-4-preguien-3-one (Zohar et al.,
1986b). These results emphasize the impor-
tance of secretory rhythms in the local ac-
tion of GTH 1I and its regulation at the re-
ceptor level. As in other vertebrales. the
first step of the GTH 1! aclion is Lo bind to
specific ovarian receplors to evoke an in-
tracetlular cascade.

The presence of genadotropin receptors
in gonadal lissue has been reported: either
using hCG binding in testes {Schlaghecke,
1983: Schulz and Schlaghecke, 1984) and in
preovulatory ovary (Schulz ¢r al., 1985) of
rainbow trout (Oncorfivinchis mykiss), or
using GTH 11 specific binding in immature
ovary and testes of chum salmon Onco-
rhynchus keta (Van der Kraak and Donald-
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son, 1982; Van der Kraak, 1983), in the pre-
ovulatory (Kanamori and Nagahama, 1988)
and postovulatory ovary (Kanamori et al.,
1987) of amago salmon (Oncorhynchus rho-
durus), in the ovary (Breton et al., 1986;
Breton and Sambroni, 1989) and in testes
{Le Gac ef al., 1988) of brown trout (Salmo
trutta L) and postovulatory ovary of rain-
bow trout (Quesnel and Breton, 1992).
Other data report the evolution in the num-
ber and affinity of these receptors during
the gametogenesis. In rainbow trout, the
number of testicular GTH II binding sites
was very low in regressed testis, increased
during gametogenesis and was at a maxi-
mum just before and during spermiation
(Le Gac and Fostier, 1987). In the brown
trout ovary, the number of binding sites per
milligram of membrane protein increased
significantly during the initiation of the syn-
thesis and the incorporation of vitellogenin.
It was stable and lower during vitellogene-
sis and was about 10 times higher at the
time of ovulation. During the periovulatory
period, the affinity coefficient doubled
(Breton and Sambroni, 1989). In amago
salmon, the number of GTH II receptors
increased in the follicles in keeping with the
developmental changes in follicular ste-
roidogenesis in response to gonadotropin
(Kanamori and Nagahama, 1988).
Recently, GTH I and GTH il receptors
have been demonstrated in coho salmon
postovulatory ovarian membrane prepara-
tion (Yan ef al., 1991) and in granulosa cells
and the thecal layer (Yan et al., 1992).
However, to date there are no data on the
structure and properties of these receptors,
since this requires the development of a
technique for membrane protein solubiliza-
tion. This study reports a suitable method
to solubilize and investigate the receptor
without any loss in binding capacity.

MATERIALS AND METHODS

Experimental animals

Two- or three-year-old female rainbow trout O.
mykiss, from the INRA Gournay fish farm, were kept
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at 12° in a recirculating water system until they ovuo-
lated.

Preparation of '"**I-sGTH Il

Maturational salmon gonadotropin (sGTH I1) was
purified from pituitary glands of spawning Oncorhyn-
chus tshawytscha (Breton et al., 1976). Pure sGTH 11
was jodinated by the lactoperoxidase method (Thorell
and Johansson, 1971} as modified by Hirano et al.
(1985). The following reagents were added in a 5-ml
polyethylene tube: 5 pg sGTH H in 5 pliters 0.05 M
phosphate buffer (pH 7.5), 200 pCi carrier-free Na'?’l
(IMS-30, Amersham) buffered with 2 pliters 0.5 M
phosphate buffer (pH 7.5), 0.037 pg H,O; in 5 pliters
0.2 M saline phosphate buffer, pH 7.5, and 0.5 pg
lactoperoxidase (90 U/mg, Sigma) in 5 pliters H,0.
After 3 min the reaction was stopped by adding 150
wliters of 0.2 M PBS. Separation of radiolabeled GTH
from free ‘2*1 was carried out by chromatography on
an Ultrogel AcA 54 (IBF) column (1 x 30 cm). The
specific activity was generally between 15 and 25 nCi/
ug. The iodinated GTH II was stored at —20° in the
presence of glycerol {v/v) and used during the 2 weeks
after preparation.

Receptor Preparation

The membrane preparation was obtained employing
a modified method from Breton er al. (1986).

The entire procedure was carried out in a cold room
(4 using chilled buffers. Immediately following de-
capitation of ovulated fish, ovaries were removed and
either deep-frozen by plunging them into liquid nitro-
gen of placed in the homogenization buffer (0.02 M
Tris, 5 mM MgCl,, 0.15 M sucrose, 0.25 mg/ml frypsin
inhibitor, and 1 mM PMSF at pH 7.5). Tissues were
chopped and homogenized in a polytron tissue grinder
with two successive bursts at high speed (1 vol of tis-
sue for 5 vol of buffer). The homogenate was filtered
through a cheesecloth and homogenized with five
strokes in a glass teflon homogenizer with 0.1 to0 0.15-
mm space between the piston and the cylinder. The
final homogenate was centrifuged twice at 1000g for 10
min at 4°. The supernatant was centrifuged again at
110,000 for 1 hr at 4°. The final pellets, which con-
tained the membranes and lysosomes, were resus-
pended in 0.02 M Tris—5% glycerol at pH 7.5 and kept
at —20° until use.

The protein content of the preparations was deter-
mined according to Lowry (1951).

Solubilization of sGTH Il Receptors

The 110,000g pellets were dissolved in 1% {(v/v) Tri-
ton X-100, 209 (v/v) glycerol in 0.02 M Tris and con-
finuously stirred for 3 hr at 4°. The tubes were centri-
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fuged for 1 hr at 110,000g at 4°. The supernatants,
which contained the solubilized proteins were col-
lected and frozen at — 20° for further characterization.

Assay of Solubilized Receptor Binding

Assays were performed in 5-ml polyethylene tubes
containing 150 wliters of assay buffer (0.02 M Tris,
G.1% bovine sertm albumin, CaCl, (final concentra-
tion of .04 M), containing whenever necessary the
unlabeled hormone, 50 pliters of '’I-GTH 1I and 0.3-
ml aliquots of solubilized receptor. The assay tubes
were kept for 17 hr at 4°, free and bound "*I-GTH
were separated by double precipitation with polyeth-
ylene glycol (PEG) (Dufau et al., 1973). Five-tenths of
a milligram of bovine gammaglobulins (.2 ml of 2.5
mg per ml of solution) were added as a carrier, fol-
lowed by 0.5 ml of 30% polyethylene glycol (w/v). The
final concentration of PEG was 12.5%. After stirring
for 10 min at 4°, the tubes were centrifuged at 2000g for
10 min at 4° and the supernatants removed by aspira-
tion. The peliets were redissolved in 0.9 ml of 0.1%
Triton X-100 in Tris buffer and, after standing for 10
min at 4°, were precipitated again with 0.5 ml of 30%
PEG. This second precipitation was necessary to
achieve a satisfactory blank value. After centrifuga-
tion and aspiration of the supernatants, the bound hor-
mone present in the pellets was determined by count-
ing radioactivity in a gamma counler.

Solubilized Receptor Binding Studies
Using Gel Filtration

The complexes were obtained by incubation of 1 ml
of solubilized receptor preparation with 0.1 ml of Tris-
BSA-CaCl, buffer and 50 pliters of '*I-GTH II. After
standing for 17 hr at 4° and addition of 1 mg of blue
dextran, the incubation mixture was applied to a col-
umn (1 x 30 cm) of Ultrogel AcA 34 (linear fraction-
ation range of 20,0004 te 350,000d), equilibrated with
20 mM Tris buffer pH 7.5 containing 5 mM MgCl, and
0.1% Triton X-100. All the separations were per-
formed at 4°, The flow rate was 4 ml/hr, The radioac-
tivity of each fraction was counted in a gamma
counter.

Purification of the GTH
II-Receptor Complex

Gammaglobulins prepared against sGTH 11 B-sub-
unit were prepared from a rabbit antiserum raised
against GTH I using caprilic acid (Steinbuch and Au-
dran, 1969). They were linked to CNBr-activated
Sepharose 4B (10 mg protein/g gel) by incubation for 2
hr at room temperature, according to the manufactur-
er's instructions. After several washes, the gel was
poured into a 5-ml column.

Triton X-100-solubilized membranes were incubated
with '*I-sGTH II in the presence of divalent cations
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and BSA. The sample was applied to the column equil-
ibrated with 0.1 M NaHCO0,-0.5 M NaCl buffer. The
gel was washed with the NaHCO,-NaCl buffer con-
taining 0.1% Triton X-100 and 20% glycerol. The hor-
mone-receptor complex was then eluted by 6 N GuCl-
0.1% Triton X-100-20% glycerol, pH 4.0. One-
milliliter fractions were collected and each fraction
was immediately buffered at pH 7-7.5 with 1 M Tris.

The eluted fractions were concentrated by filtration
through an Amicon XM 50 membrane (exclusion limit:
50,000d) and diatyzed against 0.02 M Tris containing
0.1% Triton X-100 and 20% glycerol,

The binding capacity of the purified sample was de-
termined by RRA, according to Scatchard’s (1949)
method.

RESULTS

Solubilization of Ovarian Receptors with
Triton X-100

The membrane-bound receptor was solu-
bilized in 1% Triton X-100 in the presence
of 20% glycerol with a vield ranging from 55
to 130% of the binding activity present in
the membrane fraction.

Solubilized Recepior Binding Studies by
Gel Filtration

The elution profile obtained by gel filtra-
tion of '*I-GTH II on an Ultrogel AcA 34
in 0.1% Triton X-100 showed a major radio-
active peak and a delayed minor peak,
probably due to deiodination of the hor-
mone (Zohar, 1982) (Fig. 1).

When a mixture of iodinated sGTH 1I
and solubilized extract, incubated together
for 17 hr at 4° in the presence of BSA and
CaCl,, was applied to the column, the elu-
tion profile obtained (Fig. 1) exhibited an
initial peak coinciding with the void volume
indicated by blue dextran, and a second
peak resulting from free radioiodinated hor-
mone. The first peak could be completely
abolished by adding an excess of noniodi-
nated (1 pg) sGTH 1I during the incubation
of '"PI-GTH 1I and a solubilized extract
(Fig. 1).

Solubilized Receptor Binding Studies
by RRA

Receptor binding data were analyzed us-
ing the Scatchard method (Scatchard,
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Fic. 1. Elution profile of '*I-sGTH 11 (dotted line)
and of 'P1-sGTH Il-receptor complex {(solid line) dur-
ing gel filtration on AcA 34 in the presence of blue
dextran. The early peak of radioactivity was com-
pletely abolished by prior incubation with sGTH II
(dashed line).

100

1949), in which the ratio of bound to free
hormone is plotied against the specifically
bound hormone concentration. The plot is a
straight line with a slope representing the
affinity constant (K,). The intercept of this
line with the horizontal axis equals the total
concentration of binding sites. The mem-
brane fraction exhibited high affinity (K, =
1.4-2 x 10" M~ ") and low capacity (about
5 fmol/mg ovarian tissue proteins) (data not
shown). After solubilization, the Scatchard
plot of the equilibrium binding data pro-
duced a straight line (Fig. 2), representing a
high affinity value (K, = 2-5 x 1019 M~ 1),
The maximal binding capacity varied from
7 to 17 fmol/mg proteins depending on the
membrane preparation utilized.

Purification

In preliminary experiments, it was shown
that 90% of ’1-sGTH I, used as tracer,
was retained in this column. The elution of
this radioactivity was incomplete when us-
ing 4 N GuCl, pH 4.0, and reached 80-100%
using 6 N GuCl, pH 4.0 (Fig. 3).

The GTH [I-receptor complex was
eluted from the immunoaffinity matrix by 6
N GuCl, pH 4.0 (Fig. 4). The eluate was
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Fi6. 2. Equilibrium binding of '*1-sGTH 11 to sol-
ubilized sGTH II receptor. Detergent-solubilized
sGTH II receptors were incubated for 18 hr at 4° with
a constant amount of unlabeled GTH II and increasing
amounts of labeled sGTH II. All assays were done in
triplicate. The data presented are from a representa-
tive experiment. K, affinity constant.

dialyzed against a Tris buffer containing
0.1% Triton X-100 and 1% glycerol and
concentrated by filtration through an Ami-
con XM 350 membrane. Ninety percent of
the radioactivity was retained by the mem-
brane. The incubation of the pH 4 cluate
with an excess of unlabeled sGTH II re-
sulted in a displacement of 44% of the ra-
dioactivity, indicating the presence of non-
dissociated complexes in the eluate.

The binding characteristics of the free re-
ceptors were determined from a saturation
experiment (Fig. 5). Analysis according to
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FiG. 3. Elution profile of '**I-sGTH II alone on im-
mobilized anti-B GTH 11 gammaglobulins.

the Scatchard equation showed that the pu-
rified receptor bound sGTH II specifically
with a K, value of 1.3 x 10" M~ ! which is
of the same order as that found in mem-
brane preparation and solubilized extract.
The binding capacity was not calculated be-
cause the very small amount of proteins in
the eluate was not measurable using the
Lowry’s method or other usual methods.
Table 1 summarizes receptor purification.

350000 - m
300000 A
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FiG. 4. Flution profile of '>I.sGTH Il-solubilized  Triton X-100

receptor complex by immuncaffinity chromatography
on immobilized anti-p GTH II gammaglobulins.
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F1G6. 5. Equilibrium binding of '**I-sGTH 1I to af-
finity-purified GTH II receptor and Scatchard plot.
Fifty microliters of purified GTH II receptor were in-
cubated for '¥I-sGTH II binding with increasing
amounts of '*I-sGTH Il and fixed amounts of unla-
beled GTH 11. All assays were done in triplicate.

The binding activity recovery was about
50% from Triton X-100-solubilized prepara-
tions.

DISCUSSION

This study shows that the ovarian GTH
II receptor of rainbow trout can be solubi-

TABLE 1
RECOVERY OF THE OVARIAN GtH II RECEPTOR AT
EAcH PURIFICATION STEP ON
IMMUNOAFFINITY CHROMATOGRAPHY

Specific
Protein  Activity activity Yield
{mg) (fmol) (fmol/mg) (%)
Membrane
pellet 470 2350 5 100
extract 226 1717 7.6 73 (100)
pH 4 eluate — 850 — 36 (50)
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lized in an active and stable form, and pu-
rified by immunoaffinity chromatography
on gammaglobulins prepared against sGTH
11 B-subunit.

In the present studies, the starting mate-
rial was the postovulatory ovary. In this tis-
sue, the number of receptor sites per mil-
ligram of membrane protein that increase
during initiation of synthesis and the incor-
poration of vitellogenin remain lower dur-
ing viteliogenesis and are about 10 times
greater at the time of ovulation (Breton and
Sambroni, 1989); postovulatory tissue may
be the richest source of free binding sites.
On another hand, it is devoid of vitellus,
which contains much proteolytic activity
(Breton et al., 1986) and affects the iodi-
nated GTH 1l in the radioreceptor assay,
giving high values of nonspecific binding. It
should be noted that the exact ovulation
time for each fish was not defined exactly,
ovaries being taken between | and 8 days
after ovulation, and this could explain the
variations in the maximal binding capacity
in the membrane and solubilized fractions.

The free receptors were solubilized by
extraction with a nonionic detergent, 1%
Triton X-100. The solubilization was first
studied by gel filtration on an Ultrogel AcA
34. The elution profile of the sclubilized ex-
tract, incubated with labeled sGTH I1, pre-
sented three peaks of radioactivity: one be-
ing the hormone-receptor complex, an-
other the unbound GTH II, and the last may
be free iodine. Indeed, while studying the
preservation of labeted GTH 11 at low tem-
perature, Zohar (1982) demonstrated that
GTH II storage was accompanied by some
deiodination of the hormone, which ap-
peared as a radioactive peak after a '*I-
GTH 1I peak in gel filtration. The first peak
could be eliminated by prior incubation
with unlabeled sGTH 11, There may thus be
competition between labeled and unlabeled
hormones during incubation with the solu-
bilized extract. The early peak of radioac-
tivity may therefore correspond to the sol-
uble '*1-sGTH il-receptor complex.
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Receptors were extracted and stored in
the presence of 20% glycerol to stabilize the
free soluble receptors. The preservative ac-
fion of glycerol on solubilized mammalian
gonadotropin receptors has been noted by
Dias et al. (1981) for testicular calf FSH
receptors and by Ascoli (1983) for mouse
Leydig tumor cell LH receptors. The mech-
anism of glycerol stabilization of the solu-
ble receptors is not known. Timasheff et al.
(1976) suggested that it may be due to en-
hanced hydrophobic interactions necessary
for subunit associations. This suggestion is
unlikely since the preservative action of
glycerol applies to the LH receptor, a mo-
nomeric form of receptor (Loosfelt et al.,
1989; Mc Farland et af., 1989; Minegishi,
1990).

The yields of solubilized binding activity
ranged from 33 to 130%. In the rat, Keini-
nen and Rajaniemi (1986) showed that the
membrane-bound hormone—ovarian—
lutropin receptor complex was partially re-
sistant to chymotrypsin digestion and that
this chymotrypsin-resistant fraction was in-
creased by passing the membrane prepara-
tion through ConA-Sepharose before pro-
teolytic treatment. This suggested the pres-
ence of receptor-containing inverted
vesicles in the membrane preparation,
thereby underestimating the particulate re-
ceptor. Such findings may explain the
yields exceeding 100% in the solubilization
step and may also be related to the higher
25I.GTH 1I binding to receptors prepared
in 20% glycerol compared with those pre-
pared in 5% glycerol (as in membrane-
bound receptors—data not shown). This ef-
fect was also seen in sclubilized extracts
from mouse Leydig cells (Ascoli, 1983).

The hormone-binding characteristics of
the soluble receptors were similar to those
of membrane-bound receptors. The Scatch-
ard plot of the equilibrium binding data pro-
duced a single straight line, suggesting that
the solubilized GTH 1l receptors, like mem-
brane GTH II receptors, contained a single
class of high affinity "’ I-sGTH II binding
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sites. The solubilized receptor affinity con-
stant (K, = 2-5 x 10" M™") was slightly
higher than that calculated for membrane-
bound receptors (K, = 1.4-2 x 10 M 1),
This may be due to a higher concentration
of glycerol (20%) in the solubilized extracts
than in the membrane preparations (5%). In
mammals, results differ. Wimalasena et al.
(1985) suggested that a 25% glycerol con-
tent in the porcine corpus luteum solubi-
lized extract increased twofold both affinity
constants and binding capacity of the LH/
hCG receptor. Glycerol may increase bind-
ing activity with no change in affinity con-
stants, indicating that glycerol itself has no
effect on hormone-receptor interaction
(Dias et al., 1981). In contrast, solubiliza-
tion of mouse Leydig cells LH-hCG recep-
tor, in the presence of glycerol 30% induced
a twofold increase in the affinity of the re-
ceptors and no modification in their capac-
ity (Ascoli, 1983). The present findings re-
veal that the higher concentration of glyc-
erol may increase the GTH 11 receptor
affinity and capacity. However, the affinity
constants, before and after solubilization,
were of the same order and largely concur
with the constants previously described for
sGTH II binding on membrane preparation
for rainbow trout testes (Le Gac et al.,
1988) and for brown trout ovaries (Breton
et al., 1986). It was one or two orders of
magnitude higher than the K, found in
brown trout postovulatory ovary (Breton
and Sambroni, 1989}, in chum salmon gran-
ulosa cells (Salmon et alf., 1984), in amago
salmon intact follicles (Kanamori and Na-
gahama, 1988), and in the coho salmon
postovulatory ovary (Yan et al., 1991).
The solubilized hormone-receptor com-
plex was separated from the free-labeled
hormone by gel filtration analysis. The gel
filtration in a column calibrated with stan-
dard proteins did not permit the determina-
tion of the molecular weight of the com-
plex. Indeed, the receptor-hormone com-
plex coincided with the blue dextran
marker so that the complex was probably
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adsorbed to the front marker. In the ab-
sence of blue dextran to avoid this adsorp-
tion, the complex was adsorbed within the
gel and the bound radioactivity was spread.

The mammalian lutropin receptor has
usually been purified by affinity chromatog-
raphy with hCG. Procedures to purify the
hCG-receptor complex by immunoaffinity
chromatography with an antibody prepared
against hCG, reported by Metsikko and Ra-
janiemi (1980) and Jallal et al. (1988), give
better yields than those obtained with di-
rect affinity methods, The present study of
the trout ovarian GTH 1I receptor reveals a
purified hormone-receptor complex using a
simple and rapid immunoaffinity chroma-
tography on immobilized anti-3 GTH II
gammaglobulins. The complex was par-
tialty dissociated by acidic pH elution; thus
free GTH Il receptor was also purified.
About 50% of the Triton X-100 extract’s
binding activity was recovered in the pH 4
eluate. The other binding sites were par-
tially eluated as a GTH II- receptor com-
plex and/or as a degraded form. When a
fraction of the pH 4.0 eluate was incubated
with an excess of unlabeled GTH 11, it re-
sulted in a displacement amounting to 44%.

In conclusion, the solubilization in a
nonionic detergent in the presence of glyc-
erol and purification by immunoaffinity
chromatography isolated GTH 1l receptors
with a yield of 50% with respect to initial
binding activity. Fifty percent of the bind-
ing sites were thus likely to be intact, in
spite of several degrading steps. The trout
GTH 11 receptor thus seems to be a fairly
stable protein.
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