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Abstract-Methods previously published by us [Wimalasena et al., J Biol Chem 260: 10689-10697,1985; 
Wimalasena et al., .I Biol Chem 261: 94169420, 19861 were utilized to solubilize the human corpus 
luteal leuteinizing hormone/human chorionic gonadotropin (LH/hCG) receptor with 3-[(3-cholamide- 
propyl)dimethylammonio]-1-propanesulfonate (CHAPS) and to purify the receptor by two steps of 
hCG-Sepharose affinity chromatography. The specific binding capacity (SBC) of the purified human 
receptor was 7510 pmol/mg protein, and K,,, = 2.2 x lo9 M-’ when iodo hCG was competed by hCG; 
the yield was 4-7% of starting activity. When hLH was used in competition with hCG, specific 
binding capacity was 7900 pmol/mg protein and KA 1.0 X lo9 M-‘. Silver staining and autoradiography 
demonstrated a single protein of M, 78,000 under reducing and M, 58-62 x lo3 under nonreducing 
conditions. Rat ovarian LH/hCG receptor was purified by similar methods and the KA of 3.5 x lOlo M-l 
for hCG was substantially different from the KA for hLH which was 2.1 X 109M-‘. M, of the rat 
protein was 78-82 X 10’ (reduced) and 58-62 x 10’ (nonreduced) when analyzed by silver staining and 
autoradiography. For the first time, human LH/hCG receptor has been purified to apparent homogen- 
eity, and its M, of 78,000 was essentially identical to the M, values of purified rat and porcine receptors. 

The initial site of interaction of luteinizing hormone 
(LHQ and human chorionic gonadotropin (hCG) 
with the ovary is believed to be a common receptor. 
The effects of LH on the ovary in all mammals and 
of hCG on the human ovary play critical roles in 
mammalian reproductive biology and, as such, the 
receptor has been studied intensively in the past 
decade. For detailed biochemical, immunochemical 
and regulation studies, the purification and charac- 
terization of the human LH/hCG R are of crucial 
importance. However, the low abundance and the 
instability of LH/hCG after solubilization from cell 

* A preliminary account of this work was presented at 
the Annual Meeting of the Endocrine Society, 1988, Abstr. 
No. 849. Parts of the results in the manuscript were sub- 
mitted by Katharine Alpaugh and Korakod Indrapichate 
to meet the requirements of the Ph.D. degree at Lehigh 
University. 

$ Address all correspondence to: Dr. J. Wimalasena, 
Department of Physiology, University of Nebraska Medical 
Center, 42nd and Dewey, Omaha, NE 68105. 

8 Abbreviations: LH, luteinizing hormone; CHAPS, 
3-[(3_cholamido-propyl) dimethylammoniol-l-propane- 
sulfonate; PMSF, phenylmethylsulfonyl fluoride; oFSH, 
ovine follicle stimulating hormone; TSH, thyroid stimu- 
lating hormone; PRL, prolactin; hCG, human chorionic 
gonadotropin; CNBr, cyanogen bromide; PMSG, pregnant 
mare’s serum gonadotropin; LH/hCG R, luteinizing 
hormone/human chorionic gonadotropin receptor; BSA, 
bovine serum albumin; /&lE, bmercaptoethanol; DTT, 
dithiotheritol; PEG, polyethylene glycol; and SBC, specific 
binding capacity. 

membrane have greatly impeded studies on the struc- 
ture and function of the receptor. 

We recently developed methodology for sta- 
bilization, purification and characterization of por- 
cine ovarian LH/hCG R [l, 2 . The conclusion of our 
studies was that ovarian LH /I hCG R is a multimeric 
protein composed of a single hormone binding sub- 
unit of M, 78 X 103. Since then, several groups have 
reported on the purification and characterization of 
LH/hCG R from both the rat testis and the ovary 
[3-71. However, a consensus regarding the M, of the 
receptor is not evident. There is controversy about 
the number of putative subunits [S-9]; furthermore, 
the yield of purified receptor has been consistently 
low for the rat receptor [3,5-71 which may indicate 
substantial receptor degradation during purification. 

In this study, we have modified our previous 
methods to (a) purify and characterize the human 
corpus luteal receptor; (b) compare the hormone 
binding properties of purified rat and human recep- 
tor; and (c) compare the molecular structure of 
human, rat and porcine receptor. In spite of several 
early studies on membrane bound human LH/hCG 
R [lO-141 and a recent report [15] on the solu- 
bilization of human LH/hCG R, the purification and 
the characterization of the human receptor, to our 
knowledge, have not been reported previously. Our 
work strongly suggests that the M, values of the 
human, rat and porcine ovarian LH/hCG R proteins 
are identical; however, the hormone binding proper- 
ties of the human receptor are significantly different 
from those of the rat and the pig. 
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MATERIALS AND METHODS 

Purification of human corpus luteal LH/hCG R 

Corpora lutea irrespective of age of development 
(except corpus albicans) were dissected out from 
ovaries collected at bilateral salpingo-oophoerec- 
tomies, usually associated with radical hysterectomy. 
Corpora lutea were dissected from the ovarian 
stroma, frozen at -9O”, and processed for prep- 
aration of soluble LH/hCG R as follows: The tissue 
(1 g) used in each study was homogenized in a glass/ 
glass homogenizer in 5 mL of buffer, 10 mM NaPOh/ 
25% glycerol, pH 7.4, containing 1 mM phenyl- 
methylsulfonyl fluoride (PMSF), and 100 pg/mL 
soybean trypsin inhibitor. The homogenate was pro- 
cessed as described before [l]. Solubilization of the 
membrane-bound LH/hCG R was accomplished by 
homogenizing the 39,000g pellet (P3) in 3-[(3-cho- 
lamide - propyl)dimethylammonio] - 1 - propane- 
sulfonate (CHAPS) in extraction medium contain- 
ing 100 pg/mL soybean trypsin inhibitor and 1 mM 
PMSF, and the pellet/buffer volume ratio was ad- 
justed so that the final CHAPS concentration was 
8.8 mM. Following homogenization, the extract 
(Pi) was incubated for 45 min at 4”, then diluted two 
times with 10 mM NaP04/25% glycerol and adjusted 
to bring the concentration of PMSF to 0.5 mM, 
soybean trypsin inhibitor to 100 pg/mL, and EDTA 
to 5 mM. The extract was centrifuged in an L5-65 
Beckman ultracentrifuge using a Beckman Ti 70 
rotor to obtain S1. The pellet (Ps) was re-extracted 
as for P3 and the soluble fraction (Sz) so generated 
was combined with Si for studies of total solubilized 
receptors. All steps of the procedure were performed 
at 4”. Solubilized LH/hCG R was routinely stored 
at -90”. 

Affinity chromatography. The human LH/hCG R 
was purified by modification of previously described 
methods [l, 21 using highly purified hCG (CR series 
from the National Pituitary Agency) coupled to 
CNBr-activated Sepharose. Five milliliters of the 
solubilized receptors was mixed with 5 mL of the 
hCG-Sepharose gel and rocked end-to-end at room 
temperature for 4 hr. The slurry mixture was poured 
into a column and flow-through was collected as 
fraction 1 (see Fig. 1). The column was washed with 
20 times the gel volume with buffer A (10mM 
NaP04, pH 7.4, 25% glycerol, 0.1% Triton, 20 PM 
dioleophosphatidylcholine, 10 PM cholesterol, 0.5 M 
NaCl). The column was next washed with buffer A 
adjusted to pH 5.5 (10 times gel vol.), and the 
LH/hCG receptor activity was eluted with buffer A 
adjusted to pH 4 with 1 M acetic acid (5 times gel 
vol.). Fractions with the highest receptor activity 
were pooled and rechromatographed on a second 
hCG-Sepharose column as described before [l]. 
Fractions with receptor activity from the second 
affinity column were dialyzed against 10 mM NaP04, 
pH 7.2, concentrated by lyophilization or ultra- 
filtration, and aliquots were analyzed by sodium 
dodec 1 sulfate/polyacrylamide gel electrophoresis 
(SDS&AGE) as described below. 

Hormone binding studies. Analysis of binding of 
iodinated hCG to soluble LH/hCG R was performed 
according to previously described methods 
[l, 16,171. Equilibrium binding for Scatchard analy- 

sis was performed by displacement of bound lz51- 
hCG by increasing concentrations of unlabeled 
hormones. A similar experiment was done for “‘I- 
hLH displacement with unlabeled hLH. Equilibrium 
binding data were analyzed with the EBDA program 
of G. A. McPherson, published by Elsevier. Binding 
to membrane-bound LH/hCG R was carried out as 
previously published [ 171. The difference between 
KA values was compared by Student’s t-test. 

Iodination of human LH/hCG R. Receptors puri- 
fied through two affinity steps (1 pg) were dialyzed 
against 10 mM NaP04/25% glycerol (pH 7.2) at 4” 
for 8 hr, concentrated by partial lyophilization, and 
iodinated by the Iodo-bead method described before 
[2]. The iodinated proteins were purified through a 
third affinity step. Aliquots (20,000 cpm, 42% acid 
precipitable) from the pH 7.4 wash (unbound) frac- 
tion and from the pH 4.0 elution (bound) fraction 
were analyzed by SDS/PAGE under nonreducing 
and reducing conditions [5% pmercaptoethanol 
@ME)] and autoradiographed. 

Electrophoresis. Sodium dodecyl sulfate/ oly- 
acrylamide gel electrophoresis of 200 ng of LH hCG P 
R was carried out in slabs (7.5%) exactly according 
to the method of Laemmli [18] using a final con- 
centration of 5% mE, unless otherwise specified. 
All electrophoresis mixtures were boiled for 3 min. 
Gels were processed for silver staining, using the 
Bio-Rad (Richmond, CA) silver staining kit as per 
manufacturer’s instructions, or for autoradiography. 
Gels were exposed to Kodak X-OMAT AR film for 
4-8 days at -70”. M, standards were: myosin (205K), 
figalactosidase (116K), phosphorylase b (95K), bov- 
ine serum albumin (68K), ovalbumin (43K), lactate 
dehydrogenase (36K) and carbonic anhydrase (29K). 

Purification of rat luteal LH/hCG R 

Immature 28-day-old rats, purchased from Charles 
River Laboratories, were injected with pregnant 
mare’s serum gonadotropin (PMSG) and hCG 
according to standard protocols as previously 
described [16,19]. In recent experiments, 178 
estradiol was injected in two doses (1.5 mg each) 
into the rats prior to PMSG. This regimen increased 
the specific activity of LH/hCG R by approximately 
20% but did not change the KA for hCG (data not 
shown). Ten ovaries were homogenized in 10 mL of 
10 mM Tris (pH 7.4) containing 25% glycerol, 1 mM 
PMSF, 100 pg/mL Trypsin inhibitor. The procedure 
for preparation of the high speed membrane pellet 
and its extraction with Triton X-100 to solubilize 
the membrane-bound LH/hCG R was essentially 
as previously described [l]; briefly, the pellet was 
extracted in 1% Triton, 2.0 mM EDTA, 20% glyc- 
erol and 10 mM Tris (pH 7.4) for 45 min with stirring 
at 4”. Since a substantial fraction (approximately 
20%) of total LH/hCG R of the homogenate remains 
bound to the pellet from the first Triton extraction, 
the 135,OOOg pellet obtained following the first 
extraction was re-extracted with Triton X-100, and 
the resulting soluble fraction after ultra- 
centrifugation was also used as a source of soluble 
LH/hCG R for purification. 

Affinity chromatography of rat LH/hCG R on 
highly purified hCG-Sepharose (70% of hCG used 
during coupling to CNBr-Sepharose was bound) was 
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performed as previously described [2,19] with the 
following modifications: After washing the column 
with 20 times the gel volume of buffer B [lOmM 
NaP04 (pH 7.4), l.OM NaCl, 0.1% Triton, 25% 
glycerol], the column was washed with 10 times the 
gel volume of buffer B adjusted to pH 5.0. LH/hCG 
R was elmed with buffer B adjusted to pH 4 with 
l.OM acetic acid (5x gel volume). Fractions with 
receptor activity were dialyzed against 10mM Tris 
(pH 7.4)/25% glycerol (when activity preservation 
was required) or against 5 mM Tris (pH 7.4) before 
concentration by lyophilization for SDS/PAGE 
analysis. 

RESULTS 

Radioiodination of purified rat LH/hCG R. LH/ 
hCG R (1 pg) was reacted with 0.25 mCi of iodinated 
Bolton-Hunter reagent [3-(Chydroxy-phenyl)-pro- 
pionic acid N-hydroxysuccinimide ester] (NEN- 
DuPont, Wilmington, DE) according to instructions 
supplied by the manufacturer; specific activity was 
estimated as 1.5 Ci/g. Similar results were obtained 
when iodination was carried out with Iodo-beads. 

Analysis of effects of reducing agents on iodo LH/ 
hCG R. To determine the effects of reduction, iod- 
inated receptor was treated with increasing quantities 
of @iE or dithiotheritol (DTT), as indicated in Fig. 
4, before electrophoresis. 

Solubilization andpur@cation of human LH/hCG R 

Corpora lutea were dissected and processed for 
measurement of LH/hCG R activity as described in 
Materials and Methods. The total receptor activity in 
the homogenate, P1, was 2884 * 1546 fmol/g tissue 
(mean + SE, N = 16). The high-speed pellet (Pi) 
was extracted with 8mM CHAPS (optimal con- 
centration out of three tested) to yield P$. The 
activity in this fraction was 1801 + 628 fmol. Upon 
centrifugation of Pi, 805 * 187 fmol of activity was 
obtained in S, and 474 f 169 fmol in Ps. Re-extrac- 
tion of Ps with CHAPS yielded 330 ? 100 fmol of 
activity in S2. Therefore, the total soluble activity 
recovered was 1135 * 287 fmol. The binding activity 
in the soluble fraction was 60-80% of original activity 
after storage at -90” for 30 days; however, 50% of 
soluble activity was lost following overnight storage 
at 4”. The large variability in the receptor activity 
within the sixteen experiments above resulted from 
the use of corpora lutea collected at various stages 
of development. When corpora lutea of the same 
age were selected (N = 3), the SE of the activity in 
P1 was 17.8% of mean activity. 

Other methods 

Purification ofporcine LH/hCG R. Porcine corpus 
luteal LH/hCG R was purified as described before 
[l]. Aliquots of 200-300 ng were analyzed by SDS/ 
PAGE and silver staining. 

Protein determination. Protein in membrane and 
soluble fractions from rat and human preparations 
was measured by the method of Bradford [20] using 
kits purchased from Bio-Rad Laboratories. Appro- 
priate Triton X-100 and CHAPS concentrations were 
used in the blank tubes. Proteins in column fractions 
and purified preparations were measured using col- 
loidal gold as described [21]. Blank tubes had the 
same buffer as the buffer in the protein samples. 
This assay is linear between 20 and 2OOng/tube of 
BSA used as the standard protein. 

Human LH/hCG R was purified by affinity 
chromatography according to the procedure in 
Materials and Methods. The column was washed 
with buffer A, then with the same buffer adjusted to 
pH 5.5, and LH/hCG R was eluted with buffer A 
adjusted to pH 4. Recovery at the first column step 
ranged between lO-16% of P1 activity and 20-26% 
of S1 activity loaded onto the column (N = 6). The 
active fractions were pooled and rechromatographed 
on a second hCG-affinity column as described pre- 
viously in detail [I]. The overall yield of the highly 
purified receptor was 47% of Pi activity and lO- 
14% of Si activity. Typical results from an affinity 
purification are depicted in Fig. 1. While Triton was 
less efficient in solubilization of the receptor than 
CHAPS, inclusion of Triton and the lipids in the 
column chromatography buffers increased overall 
purification yield by 15-20%. The highest activity 
fractions were pooled and used for further analyses 
as described below. 

Sources Characterization of purified human LH/hCG R 

Purified hormones hCG, hLH (I-3), rLH (I-7), 
human prolactin, hFSH (I-3), and hTSH (RPl) were 

Equilibrium binding analysis of purified and sol- 

provided by the National Hormone and Pituitary 
uble LH/hCG R was performed with iodinated hCG 
and unlabeled hCG or hLH, and the results are 

Program, Baltimore, MD. The hCG used for non- 
specific binding (about 3000 I.U./mg) and PMSG 

presented in Table 1. The KA of the soluble receptor 

were purchased from the Sigma Chemical Co., St. 
for hLH when measured by displacement of iodo 
hLH with hLH was 0.8 + 0.3 x lo9 M-‘. This value 

Louis, MO. Phenylmethylsulfonyl fluoride (PMSF), 
soybean trypsin inhibitor, CHAPS, Triton X-100 and 

is similar to the KA reported in Table 1 where hLH 

other reagent grade chemicals also were purchased 
was used to displace iodinated hCG. The KA values 

from Sigma. CNBr-activated Sepharose 4B and Pro- 
for hCG and hLH were not changed whether the 

tein A-Sepharose were purchased from Pharmacia 
receptors were extracted with CHAPS or Triton or 

Fine Chemicals, Piscataway, NJ. Chemicals for 
if the chromatographic buffers included CHAPS/ 

electrophoresis were from Bio-Rad Laboratories. 
Triton as opposed to CHAPS only. These results 

AurodyeTMforte for protein analysis and the gel elec- 
demonstrate that the purified receptor retained the 

trophoresis apparatus were purchased from Hoefer 
affinity of the soluble receptor for hCG and hLH 

Scientific, San Francisco, CA. Carrier-free Na1251 
and that the KA values for hCG and hLH were similar 

was purchased from the Amersham Corp., Arlington 
for the purified receptors. The specificity of the 

Heights, IL. Iodo-beads were purchased from the 
receptor for hCG and hLH is demonstrated by the 

Pierce Chemical Co., Rockford, IL. 
binding analysis in Fig. 2. Whereas both unlabeled 
hCG and hLH displaced bound hCG, human pro- 
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Fig. 1. Purification of the human corpus luteal LH/hCG R. Upper panel: An aliquot of soluble LH/ 
hCG R was equilibrated with an equal volume of hCG-Sepharose gel; the mixture was poured into a 
glass column washed with buffer A (pH 7.4) and then with buffer A at pH 5.5. LH/hCG R activity was 
eluted with buffer A at pH 4.0. Lower panel: The highest activity fractions from the first affinity column 
were used in a second hCG-Sepharose affinity step. The highest LH/hCG R activity fractions were 
pooled and used for further studies as described in Materials and Methods. Note that protein is expressed 
as pg/mL in the upper panel and as ng/mL in the lower panel. Representative results of over twelve 

experiments are presented. 

Table 1. Equilibrium binding parameters for human LH/hCG R 

hCG hLH 

SBC 
( pmoVmg) 

SBC 
( pmoVmg) 

Homogenate (P,) 0.069 -+ 0.02 6.7 -t 1.1 x lo9 0.12 ” 0.04 1.02 2 0.6 x 10’ 
Triton extracted pellet (Pi) 0.13 f 0.03 6.3 2 0.9 x 109* 0.27 f 0.08 0.88 k 0.3 x 10’ 
Soluble receptor (S 1) 0.21 k 0.04 4.6 2 0.7 x 10’ 0.46 f 0.12 0.90 + 0.5 x 10’ 
Purified receptor 7510 2 1291 2.2 2 0.4 x 109t 7900 * 1405 1.00 2 0.3 x lo9 

Aliquots of the indicated subcellular fractions and of the hCG-affinity purified receptor were used in 
equilibrium binding analysis with iodo hCG and increasing concentrations of unlabeled hCG or hLH as 
described in Materials and Methods. Data were analyzed according to the Scatchard equation to obtain 
KA and specific binding capacity (SBC). Correlation coefficients were greater than 0.94 and the data 
(means + SE) are from three experiments. 

* KA for hCG of Pi was significantly higher than that for the purified receptor (P < 0.02). 
t KA for hCG was not significantly different from that for hLH for the purified receptor (P > 0.05). 
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Fig. 2. Specificity of the purified human LH/hCG R. Com- 
petition binding analysis for iodo hCG and purified LH/ 
hCG R was carried out with unlabeled hCG (0). hLH (0). 
hTSH (A), oFSH (A) and human prolactin, hPRL (0) 
(mean ? SE, N = 3). Approximately 1 ngofiodinated hCG 
was used as the tracer. Where not apparent, SE bars are 
within symbols. Bound hCG is expressed as ng hCG bound/ 

ng receptor protein. 

lactin (hPRL), ovine FSH and hTSH were largely 
ineffective as competitors. 

Molecular structure of the human receptor 

Purified LH/hCG R was dialyzed against 2 mM 
NaP04 (pH 7.4), and concentrated, using a Cen- 
tricell (mol. wt 30 X 1Oj) ultrafilter (Polysciences 
Inc.), and approximately 200 ng/lane was analyzed 
by SDS/PAGE (7.5%); the results are depicted in 
Fig. 3 (a and b). As shown, the purified receptor was 
composed essentially of one protein which migrated 
at a M, of 6670 x lo3 in the presence of 0.035% 
/3ME. A minor band of variable silver staining was 
observed in some experiments at M, 48 X 103. In the 
absence of /3ME, the major protein had a M, of 
58-62 x 103. To characterize further the M, of the 
receptor protein, purified receptor was iodinated 
using Iodo-beads, and the iodo receptor was purified 
by affinity chromatography on hCG-Sepharose. The 
unbound wash fractions from the affinity column and 
the pH 4 eluate (bound or active receptor) were 
dialyzed and concentrated, and 20,000 cpm/lane 
were analyzed by denaturing SDS/PAGE _C /3ME 
(5%). As depicted in Fig. 3 (c, lane B), the iodinated 
LH/hCG R capable of binding to hCG had a M, of 
78 X 103. Furthermore, no other iodinated proteins 
were observed in the unbound wash fractions or in 
the iodinated receptor pool prior to the third affinity 
purification step (data not shown). These data 
further demonstrate the purity of LH/hCG R as 
only one iodinated receptor species was observed 
following iodination. Furthermore, the M, for the 
human LH/hCG R obtained by silver staining under 
nonreducing conditions (Fig. 3a and b) was identical 
in M, to the iodinated receptor observed under non- 
reducing conditions (Fig. 3c, lane A) and under 
reducing conditions as discussed below (see Fig. 5). 

As a control experiment to test the specificity of 
the affinity purification procedure, we extracted a 
human liver membrane preparation in a manner 

identical to that of the corpus luteal preparation, 
chromatographed it through the two affinity steps, 
and analyzed the pH 4 eluted fractions by SDS/ 
PAGE. No silver staining bands were detected (Fig. 
3a), demonstrating that the liver preparation does 
not have proteins bound to hCG-Sepharose which 
could be eluted at pH 4. 

Purification of the rat ovarian LHfhCG R 

Although several papers have reported puri- 
fication of the rat receptor (see Discussion), detailed 
binding studies for LH have not been reported. We 
sought to study the hormone binding properties of 
the purified rat receptor in some detail as the KA 
values of the purified human receptor for hCG and 
hLH appeared to be substantially smaller in com- 
parison to the KA values of the purified rat receptor. 

Rat receptors were purified by previously 
described methods [ 1.21 with the additional pH 5 
wash step (see Materials and Methods). Yield at the 
first column step was a mean of 60 2 10% (SE, 
N = 6) of the activity loaded onto the column. The 
highest activity fractions were pooled and 
rechromatographed on a second affinity column with 
a yield of 70 k 9% (SE, N = 6) of loaded activity. 
Thus, the overall average yield of activitv after puri- 
fication was 40% of the soluble LH/hCG R activity 
used in the purification or 22% of activity in the 
homogenate (data not shown). The specific binding 
capacity of the highly purified receptor was 6860 2 90 
(N = 4). We have found that purified receptor can 
be rechromatographed on a third affinity column 
with a yield of 80% (data not shown). It should be 
noted that chromatography of a rat liver extract 
through two successive hCG Sepharose columns did 
not produce silver staining bands in the pH 4 extract. 

Characterization of purified rat LH/hCG R 

The binding parameters of the purified receptor 
were studied by equilibrium binding methods and 
analyzed by Scatchard analysis. Since the rat receptor 
reacts in oioo with an LH hormone, we analyzed 
equilibrium binding with hLH in some detail includ- 
ing analysis of binding with iodo hLH prepared by 
published methods [22]. The binding data were as 
follows: when iodinated hCG was used as tracer and 
unlabeled hCG used for displacement, K, = 
3.5 f 0.5 x 10’“; when unlabeled hLH was used as 
the competing hormone, KA = 3.1 ? 0.7 x 10’. 
When iodinated hLH was displaced by unlabeled 
hLH, K,, = 2.1 2 0.3 x 10’ (all of the above values 
are in M-’ and are for the highly purified receptor). 
For the solubilized receptor extract (S,), KA = 
1.6 + 0.8 x lox M-’ when iodinated hCG was com- 
peted by rLH. The K, of the purified receptor for 
hCG was significantly higher than that for hLH 
(irrespective of the tracers: iodinated hCG or hLH, 
at the P < 0.01 level). The data demonstrate that the 
purified rat receptor has a 15-fold higher affinity for 
hCG than for hLH whether hCG was displaced by 
hLH or iodo hLH was displaced by hLH. 

The molecular structure of rat ovarian LH/hCG 
R was studied using SDS/PAGE following reduction 
and denaturation using 7.5% slab gels and silver 
staining. These studies demonstrated that the M, of 
the receptor subunit is 78-82 x 1 O3 when the receptor 
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Fig. 4. Effects of reductant on iodo rat LH/hCG R. An aliquot of iodinated rat LH/hCG R was treated 
with no reductant (lane 4); lane 1, 5% mE; lane 2, 1% /3h4E; lane 3,0.1% /lME; lane 6, 0.1% DTT; 

lane 7, 1% DlT; and lane 8, 5% D’IT. Numbers are M, markers. (N = 2.) 

is reduced with 5% /IME and 58-62 x lo3 in the 
absence of reductant. To confirm this analysis and 
to study further the effects of reduction of disuhide 
bands, purified rat LH/hCG R was iodinated with 
Bolton-Hunter reagent, and its M, was analyzed by 
SDS/PAGE following reduction with three con- 
centrations of @ME or DTT (Fi . 4). These studies 
demonstrated that A4, of the LH, $ hCG R depends on 
the concentration of reductant used during den- 
aturation and that M, increases from 61 x lo3 at zero 
reductant to 82 x lo3 at 5% BME or DTT. It should 
be pointed out that no other iodinated protein 
appeared in the autoradiograph. 

Comparison of the structure of human, porcine and 
rat LH/hCG receptors 

To compare the M, values for human, 
rat receptors, porcine corpus luteal LH P 

orcine and 
hCG R was 

purified by published methodology [l and the M, 
values of human, porcine and rat LH /’ hCG R were 
compared in the same SDS/PAGE gel (T = 7.5%) 
(Fig. 5). These results strongly indicate that the 
receptor from all three species had a M, of 76- 
80 x lo3 after reduction (5% /IME) and that without 
reduction the M, was 58-62 x 103. The same analysis 
was repeated on SDS/PAGE at T = 6% with ident- 
ical results. As demonstrated above (Figs. 3 and 4), 
the iodinated human receptor and the iodinated rat 
receptor had M, values between 78 X lo3 and 

82 X lo3 as expected from the silver staining data. 
The results in Fig. 5 also indicate that after puri- 
fication of human LH/hCG R through one hCG 
affinity column, the major protein had a M, of 
78 x lo3 (5% /IME) after reduction and 60 x lo3 
without reduction. Since the M, of the human recep- 
tor was 66-70 x lo3 after reduction with 0.035% 
/IME (Fig. 3), the M, of the human receptor also 
increased with concentration of reductant used dur- 
ing preparation of the receptor for SDS/PAGE, as 
observed in Fig. 4 for the rat receptor. 

DISCUSSION 

The principal aim of this study was to purify the 
human corpus luteal LH/hCG receptor and to 
characterize its hormone binding properties. 
Additionally, a possible subunit composition of the 
human receptor and its hormone binding properties 
were compared with those of the purified rat and 
porcine corpus luteal receptors. Even though a num- 
ber of investigators have studied the properties of 
crude human LH/hCG R [l&15], there are no pub- 
lished data on the purification or the properties of 
the purified human LH/hCG R. 

We have purified the human LH/hCG R by the 
two-step hCG-Sepharose affinity chromatography 
procedure originally described by us (11. The yield 
of the receptor activity in the pH 4 eluate of the first 
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1 2 34 5 6 

- 95K 

- 68K 

- 43K 

Fig. 5. Comparison of human, rat and porcine receptor M,. 
Human receptor purified through one affinity step (about 
200 ng) was analyzed by SDS/PAGE under reducing (lane 
4) and nonreducing (lane 1) conditions. Porcine receptor 
(about 100 ng) purified through two affinity steps (lane 6, 
reduced and lane 3, nonreduced) was analyzed similarly. 
Highly purified rat receptor (about 100 ng) was analyzed in 
the same gel (lane 5, reduced and lane 2, nonreduced). The 
rat receptor was stored at -70” for 3 months, and low 
M, degradation products were observed after prolonged 
storage. Note the exact identity of the R, for the receptor 
bands under reducing and nonreducing conditions. (The 
diffuse stainings between M, 60-70 x lo3 are the “ghost” 
bands [23] which do not appear under nonreducing con- 

ditions.) (N = 3:) 

affinity step was an average of 23% (range 20-26%, 
N = 6) and 20% of loaded activity remained 
unbound and was collected in the wash fractions. 
When the pH of the human soluble receptor prep- 
aration was lowered to pH 4 to mimic the elution 
conditions of the affinity column, 30% of the hCG 
binding activity was lost. Therefore, the major part 
of the loss in binding activity in the first affinity step 

appears to be due to acid inactivation of the receptor. 
After one affinity step, as shown in Fi 

Q. 
5, two minor 

bands in addition to the M, 78 X 10 protein were 
present in the one-affinity step purified preparation. 

When the human receptor was purified through 
two affinity steps, a single protein of M, 78,000 was 
observed by silver staining or by autoradiography 
of the iodinated receptor following reduction and 
without reduction, M, = 58-62 X 103. Since the iod- 
inated receptor bound to the hCG affinity column, 
the M, 78,000 protein purified by affinity chroma- 
tography is probably the biologically active 
(hormone binding) human LH/hCG receptor. The 
autoradiographic and silver stain data strongly sug- 
gest that the human receptor has been purified to 
apparent homogeneity. The SBC observed for the 
human receptor was approximately 56% of the 
activity expected for a protein with a M, of 78 x 103. 

The SBC of the purified rat receptor reported 
herein and those reported on the rat receptor con- 
trast with the achievement of theoretical specific 
activity for P-adrenergic receptors [24] and ace- 
tylcholine receptors [25]. The yield of the rat receptor 
reported herein is considerably higher than in pre- 
vious reports [3-71. The rat receptor appears to be 
far more stable than the human receptor as the rat 
soluble receptor loses 10 * 3% of its activity on 
storage for 18 hr at 4”, whereas the human soluble 
receptor under identical conditions lost 50 ? 10% 
(SE) of its original activity. 

A significant finding in our comparative studies on 
the human, rat and porcine corpus luteal receptors 
was that the M, values of all three receptor proteins 
appeared to be very similar, if not identical, whether 
the receptors were reduced or nonreduced before 
SDS/PAGE (Fig. 5). Even though one would expect 
ovarian LH/hCG R from different species to be 
similar in molecular mass, the values reported in the 
literature, even for the rat LH/hCG R, are widely 
divergent [3,4,6,7,2633] and the M, values 
reported for the bovine ovarian LH/hCG receptor 
[8,9] and porcine receptor [l, 2,261 are different 
from that for the rat. The protein of M, 
78,000 2 2,000 (SE, N = 3) that we observed under 
reducing conditions for all three receptors was similar 
in M, to that previously reported by us for the porcine 
LH/hCG R [2,19]. Under nonreducing conditions, 
all three receptor proteins appeared to have a M, of 
60,000 * 2,000 (SE, N = 3). In previous studies [2], 
we demonstrated that the purified porcine receptor 
of M, 78 x lo3 could bind with hCG specifically; 
similarly, the purified iodinated human receptor of 
M, 78 X lo3 could interact with hCG-Sepharose. 

Another significant similarity between human, rat 
and porcine receptors was the effect of reductant on 
the M, of the purified receptor. Both DTT and WE 
produced a dose-related increase in M, of the rat 
receptor; similarly, reduction increased the M, of the 
human and porcine receptor. Work by other authors 
[6] did not show an effect of reductant on the rat 
receptor, whereas Sojar and Bahl [34] reported 
(while the present work was in preparation) results 
of reduction on the rat receptor that are very similar 
to our results. It is possible that the receptor protein 
has several intrachain disulfide bonds which upon 
reduction unfold the protein, retarding its migration 
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on SDS/PAGE and thereby increasing the apparent 
M, of the protein. 

In contrast to the similarities discussed above, the 
hormone binding properties of the human receptor 
were distinctly different from those of the rat and 
pig. The KA of the purified human receptor for hCG 
was not significantly different from that for hLH 
(Table 1). In the rat system, the KA for hCG is lo- 
to 20-fold higher than that-for hLH (P < O.Ol), as 
was also observed for the pig [l], even when the 
experiments for rat, human and pig are performed 
under identical conditions. The reasons for the dif- 
ferences in KA of the purified rat receptor for hCG, 
hLH and rLH are unknown. Many investigators 
using unpurified receptor preparations have found 
that affinity of the receptor for hCG is significantly 
higher than that for LH [35-371. Studies using ovine 
luteal cells demonstrated that LH and hCG do not 
interact in an identical manner with the cells [38- 
40]. Importantly, the studies reported herein clearly 
demonstrate that the differences between LH and 
hCG in their interactions with the LH/hCG receptor 
are at least partly inherent to the purified receptor 
itself. It should be noted that LH/hCG receptors are 
exposed in the human ovary to both hCG and hLH 
in contrast to rat and pig LH receptors. In this 
context, there is no evidence that the human LH/ 
hCG receptor is functionally desensitized in vivo 
during the first trimester of pregnancy when maternal 
hCG and progesterones are secreted simultaneously 
at high rates; furthermore, hCG administration in 
vivo did not densensitize the monkey corpus luteal 
LH/hCG receptor [41]. 

In summary, we have for the first time purified the 
human ovarian LH/hCG R to apparent homogeneity 
(based on one-dimensional SDS/PAGE) with the 
retention of selective hormone binding properties. 
Furthermore, we have demonstrated that the puri- 
fied human, rat and porcine LH/hCG R may be a 
similar protein of a M, 78,000 f 2,000 and that the 
human receptor of M, 78 x lo3 can bind to hCG. 
The present studies also demonstrated that the inter- 
actions of the purified human receptor with hLH and 
hCG are markedly different from the interactions of 
hCG and hLH with purified rat and pig receptors. 

After completion of this work, a cDNA for rat 
ovarian LH/hCG R was cloned [42], and the pre- 
dicted amino acid sequence corresponds to a M, of 
75 kD protein. Simultaneously, the porcine testis 
LH/hCG R cDNA was cloned [43], and it also has 
a M, of 75 kD. Thus, the predicted protein structure 
by itself has a M, of 75 kD, and the predicted amino 
acid sequences of the receptor from the two species 
have 85% amino acid homology; however, the C 
terminal thirty amino acids show major differences. 
Since the human receptor M, is identical to that of 
the pig and rat, but the human receptor has different 
hormone binding properties, it is possible that there 
could be subtle differences in conformation due to 
discrete differences in amino acids or in post-trans- 
lational modifications which alter the interaction 
between the receptor and hormone in the human 
receptor as compared to those of the pig and rat. 
The differences in the proposed internal C terminal 
regions of the porcine and rat receptor may reflect 
functional differences between the rat and pig recep- 

tors and may explain differences in the stability of 
the receptor from the two species. 
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