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Purification of a Distinct Placental Lactogen Receptor,
a NewMember of the Growth Hormone/Prolactin Receptor Family
Michael Freemark and Marty Comer
Department of Pediatrics, Duke University Medical Center, Durham, North Carolina 27710

Abstract

Recent findings from this laboratory suggest that the biological
actions of placental lactogen (PL) in mammalian fetal tissues
are mediated through binding of the hormone to a distinct and
unique PL receptor. Wehave now purified this receptor from
fetal and maternal sheep liver, characterized its binding to PL,
growth hormone (GH), and prolactin (PRL), and determined
its molecular weight by SDS-PAGEand by affinity cross-link-
ing techniques. Soluble extracts containing specific, high-af-
finity (Kd 0.5 nM) PL binding activity were prepared by incu-
bating ovine fetal and maternal liver microsomes with 1%Tri-
ton X-100. The detergent solubilized PL receptor was purified
two- to threefold by ion-exchange chromatography and an ad-
ditional twofold by gel exclusion chromatography on Sepha-
rose 6B. The PL receptor was then purified 75,000- to
125,000-fold by affinity chromatography using a column of
ovine PL (oPL) coupled to Affi-Gel 10. The molecular weight
of the oPL receptor as determined by SDS-PAGEand by
cross-linking techniques was 44,000±2,000 (range 40,000-
48,000). The purified receptor bound 125I-oPL specifically and
with high affinity (Kd 0.5 nM) but did not bind either radiola-
beled ovine GHor ovine PRL. In addition, in competition stud-
ies using I251-oPL as the radioligand, the purified PL receptor
bound unlabeled oPL with a potency 30-50 times greater than
that of ovine GHand 500-1,000 times greater than that of
ovine PRL.

These findings demonstrate the presence of a specific PL
receptor in fetal and maternal sheep liver. The PL receptor,
together with the GHand PRL receptors, constitute a family
of distinct but related hormone receptors that differ in their
relative affinities for PL, GH, and PRL. Changes in the ex-
pression of the three receptors may mediate changes in the
hormonal control of growth during the transition from fetal to
postnatal life.

Introduction

Placental lactogen (PL)' is a polypeptide hormone that has
structural and functional similarities to growth hormone (GH)
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1. Abbreviations used in this paper: GH, growth hormone; oGH, oPL,
and oPRL, ovine growth hormone, placental lactogen, and prolactin;
PL, placental lactogen; PRL, prolactin.

and prolactin (PRL). Studies by many investigators during the
past 25 yr suggested that PL functions predominantly or exclu-
sively as a maternal hormone during pregnancy, exerting ef-
fects on maternal carbohydrate and lipid metabolism and the
production of insulin-like growth factor I (1, 2). Recent studies
from this and other laboratories, however, indicate that PL
may also play a role in the regulation of fetal metabolism and
the control of fetal growth. PL has direct anabolic effects on
fetal amino acid and carbohydrate metabolism (3-8) and stim-
ulates ornithine decarboxylase activity (9), DNAsynthesis (10,
11), and somatomedin production (10, 12, 13) in fetal tissues.
In contrast, most studies demonstrate that GHand PRLhave
little or no somatotropic activity in the fetus (3, 9, 12, 14-17).
Since the biological effects of PL in fetal tissues are similar to
those of GHin postnatal tissues, PL appears to function as a
"fetal GH."

Previous investigators postulated that the biological actions
of PL in tissues of postnatal animals are mediated through
binding of the hormone to GH(somatotropic) or PRL (lacto-
genic) receptors (18-21). Studies from this laboratory, how-
ever, strongly suggest that the biological actions of PL in fetal
tissues are mediated through binding of the hormone to a
distinct and unique PL receptor. The specific binding of ra-
diolabeled PL to ovine fetal liver (8, 22, 23) and to human fetal
skeletal muscle (24) greatly exceeds that of radiolabeled GHor
PRL, and PL binding sites in ovine and human fetal tissues
have high affinity for PL and low affinity for GHand PRL. In
addition, the molecular weight of the PL binding site in fetal
sheep liver (38,000-47,000 mol wt) as determined by affinity
cross-linking techniques (23) differs from that of the GHbind-
ing site in postnatal sheep liver (54,000/118,000 mol-wt).
These findings suggest that PL receptors in fetal tissues differ
in structure and function from GHand PRL receptors in
postnatal tissues.

In recent investigations (25) we demonstrated that treat-
ment of sheep liver microsomes with Triton X- 100 solubilizes
the PL binding site but not the GHbinding site. Wehave
exploited this differential solubilization of PL and GHbinding
sites in order to purify the PL receptor from fetal and maternal
liver. Wehave characterized the binding of the purified recep-
tor to PL, GH, and PRL and have determined its molecular
weight by SDS-PAGEand by affinity cross-linking techniques.

Methods

Hormones. Ovine placental lactogen (oPL, lot 3-23) was prepared from
sheep cotyledons as previously described (26). Ovine growth hormone
(oGH, NIH-GH-S12) and ovine prolactin (oPRL, NIH-P-S14) were
obtained from the National Hormone and Pituitary Program, Na-
tional Institute of Arthritis, Digestive Disease and Kidney. The prepa-
rations of oPL and oGHutilized for the present studies were previously
shown to stimulate amino acid transport in postnatal rat diaphragm
with similar potencies (27).
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Preparation of radiolabeled hormones. '25I-oPL, '25I-oGH, and
'25I-oPRL were prepared using 1,3,4,6-tetrachloro 3,6-diphenyl gly-
couril (Iodo-Gen, Pierce Chemical Co., Rockford, IL) as the catalyst,
as previously described (8, 22, 23). Each preparation of '25I-oPL and
'25I-oGH exhibited > 25%specific binding to hepatic membranes from
lactating rabbits at 20 h of incubation at 40C using 250 gg of hepatic
membrane protein per assay tube (20). Each preparation of '25I-oPRL
exhibited > 20% specific binding to rabbit mammary tissue under
similar conditions (19).

Preparation of liver microsomes. Four pregnant Dorset ewes at
131-140 d of gestation (term = 145 d) were killed rapidly by the
intrathecal administration of sodium pentobarbital. Livers of fetal and
pregnant sheep were rapidly removed, frozen in liquid nitrogen, and
stored at -70'C. Frozen liver samples were subsequently thawed and
homogenized in an ice-cold solution of 0.3 M sucrose and 2 mM
EDTA, pH 7.4, containing phenylmethylsulfonylfluoride (PMSF, 1
mM), leupeptin (10 Mg/ml), and aprotinin (20 IU/ml). Liver micro-
somes were prepared by differential centrifugation as previously de-
scribed (23).

Detergent extraction of liver microsomes. Detergent extracts of fetal
and pregnant sheep liver were prepared by incubating hepatic micro-
somes from fetal and pregnant sheep for 30 min at room temperature
in 25 mMTris-HCl, pH 7.6, containing 1% Triton X-100, I mM
PMSF, 10 ,ug/ml leupeptin, and 20 IU/ml aprotinin. The suspension
was then centrifuged at 100,000 g for 60 min at 4°C. The supernatant
(soluble fraction) was used in binding assays within 12 h of preparation
or stored frozen at -70°C to avoid precipitation.

Receptor assays. The binding of radiolabeled oPL, oGH, and oPRL
to crude homogenates, microsomal fractions, and Triton-soluble ex-
tracts of fetal and maternal liver was performed in plastic 12 x 75 test
tubes using methods described previously (25). Samples were sus-
pended in 25 mMTris-HCl, pH 7.6, containing 10 mMMgCI2 and
0.1% bovine serum albumin and were incubated with radiolabeled oPL
(0.1-0.2 nM, - 75,000 cpm) for 24 h at 4°C. Radiolabeled oPL bound
to hepatic membranes was separated from free '251-oPL by centrifuga-
tion at 3,000 g. Radiolabeled oPL bound to detergent-solubilized oPL
receptors was separated from free radioligand by precipitation with 8%
polyethylene glycol (25).

Ion-exchange chromatography. Preliminary experiments demon-
strated that the oPL receptor bound to diethylaminoethyl cellulose
(DE-52) at pH 6.5-10 and was eluted with buffer containing 0.4 M
NaCl. NaCI eluates containing the highest specific activity (specific
binding per milligram of protein) were obtained when Triton extracts
were applied to DE-52 at pH 8.0. Consequently in subsequent experi-
ments, soluble detergent extracts of fetal or maternal liver were dia-
lyzed against 50 mMTris-HCl containing 0.1% Triton X-l00 at pH
8.0. Aliquots of the dialyzed extract were then applied to a column (20
X 2.5 cm) of DE-52 previously equilibrated in 50 mMTris-HCl, pH
8.0, containing 0.1% Triton. The column was washed with 3 vol of
equilibrating buffer, and receptor binding material was eluted in a
stepwise fashion with equilibrating buffer which contained 0.4 M
NaCl. Fractions containing oPL binding activity were pooled, concen-
trated by ultrafiltration on a Centriprep microconcentrator (30,000-
mol wt cutoff, Amicon Corp., Danvers, MA) and dialyzed against 25
mMTris-HCl, pH 7.6, containing 0.1% Triton (Tris-Triton).

Sepharose chromatography. An 8-ml aliquot of the concentrated
DE-52 eluate containing oPL binding activity was applied to a column
(91 X 1.5 cm) of Sepharose 6B which had been equilibrated previously
with Tris-Triton at 40C. The sample was then eluted from the Sepha-
rose column with cold Tris-Triton at a rate of 16 ml/h, and 2.4-ml
fractions were collected. Individual fractions containing oPL binding
activity were pooled for use in affinity chromatography.

Affinity chromatography. Affinity chromatography of the oPL re-
ceptor was performed using a column of purified oPL coupled to
Affi-Gel 10. The oPL-Affi-Gel was generated by incubating 1 mg of
purified oPL (lot 7-1 1) dissolved in 8 ml of 0.1 MNaHCO3, pH 8.3
with 2.5 ml of Affi-Gel 10 for 16 h at 4°C. Under these conditions,

- 85% of the oPL was bound covalently to the Affi-Gel 10. The

oPL-Affi-Gel was incubated with 400 ALI of I Methanolamine, pH 8.0,
for I h at 4VC and then washed over a Buchner funnel with 50 ml of
each of the following solutions in sequential order: 0.1 MNaHCO3;
0.1 MNaHCO3containing 8 Murea (ultrapure); 0.1 MNaHCO3; 0.1
MNaHCO3containing 5 M guanindine HCl (ultrapure); 0.1 M
NaHCO3; 2 MNaCl in 0.05 MNa acetate, pH 4.0; 0.1 MNaHCO3;
0.2 MNaH2PO4; Tris-Triton; and Tris-Triton containing 5 MMgCl2.
The oPL-Affi-Gel was then incubated for 2 h at 4VC in Tris-Triton
containing 20 U/ml aprotinin and 0.3 mMPMSF. After this incuba-
tion, the gel was washed with Tris-Triton, then Tris-Triton containing
6 Murea and finally Tris-Triton containing 5 MMgCl2 in preparation
for incubation with Sepharose fractions containing oPL binding ac-
tivity.

The oPL-Affi-Gel (2.5 ml) was incubated with the pooled Sepha-
rose eluate (total volume 16 ml in Tris-Triton) for 24 h at 40C in the
presence of 10 mMMgCl2, 20 IU/ml aprotinin and 0.1 mMPMSF.
After this incubation, the oPL-Affi-Gel was washed with 600 ml of cold
Tris-Triton and poured into a 5 X 1.5 cm column. Protein bound to
the affinity column was then eluted with 6 ml of Tris-Triton containing
5 MMgCl2 at 23°C. l-ml fractions were collected on ice and then
dialyzed at 4°C against Tris-Triton. Fractions containing oPL binding
activity were pooled and stored at -700C.

Iodination ofthe purified receptor. 50 Ml of the affinity purified oPL
receptor and 25 M1 of 0.3 Mphosphate buffer, pH 7.3, were added to a
12 X 75 glass tube coated with 1 Mg of lodo-Gen. The iodination
reaction was initiated by the addition of 20 MCi of iodine- 125 in 25 ul
of phosphate buffer. After the mixture was shaken every 30 s for 4 min,
the contents of the tube were removed and analyzed by SDS-PAGE.

SDS-PAGE. Samples containing the iodinated oPL receptor were
boiled for 5 min in electrophoresis sample buffer (60 mMTris-HCl,
pH 6.8, containing 3% SDS, 10% glycerol, 6 Murea, 0.001% brom-
phenol blue, with or without 5% f3-mercaptoethanol). The mixtures
were centrifuged at 3,000 g for 5 min and the samples were then
analyzed on a 12.5% polyacrylamide gel using the discontinuous buffer
system described by Laemmli (28) at a constant 70 V for 18 h. After
drying, the gels were autoradiographed at -70°C using Kodak XAR-2
film and an enhancing screen. The apparent molecular weights of the
radiolabeled proteins were determined by comparison with the relative
migration of prestained molecular weight standards which had been
applied to the gel (myosin 200,000; a-macroglobulin, 180,000; fl-ga-
lactosidase, 116,000; fructose-6-phosphate kinase, 84,000; pyruvate
kinase, 58,000; fumarase, 48,500, lactate dehydrogenase, 36,500; and
triosephosphate isomerase, 26,600, Sigma Chemical Co., St.
Louis, MO).

In order to analyze the noniodinated, affinity-purified receptor by
SDS-PAGE, it was necessary to concentrate active fractions and
thereby maximize the recovery of protein. A 2-ml aliquot of affinity-
purified receptor in Tris-Triton was concentrated by ultrafiltration on
a Centricon microconcentrator (10,000-mol wt cutoff, Amicon Corp.).
The concentrated sample (50-100 Ml) was dialyzed against 200 vol of
Tris-Triton, boiled in electrophoresis sample buffer, and analyzed on a
12.5% polyacrylamide gel as described in the preceding paragraph. The

gel was stained with silver using the method of Oakley et al. (29). The
molecular weight of the stained protein was estimated by comparing its
migration on the gel with that of prestained molecular weight stan-
dards. The quantity of purified receptor applied to the gel was esti-
mated by comparing the intensity of the staining of the receptor with
that of the molecular weight standard using a densitometer.

Cross-linking of the purified receptor to radiolabeled oPL. Cross-
linking was performed by a modification of the method of Spencer et
al. (30). Affi-Gel eluates containing oPL binding activity were dialyzed
against 25 mMHepes, 10 mMMgCI2, pH 7.6. Aliquots of the dialyzed
receptor were incubated for 24 h at 40C with '25I-oPL (500,000 cpm,

0.5 nM) in the presence or absence of excess (1I g) unlabeled oPL.
Hormone-receptor complexes were then precipitated with polyethyl-
ene glycol as described previously (25). The pellets were dissolved in a
solution of 0.4 mMdisuccinimidyl suberate in 25 mMHepes, 10 mM
MgCI2, pH 7.6, and incubated for 30 mm on ice. Aliquots of the
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reaction mixtures were boiled in electrophoresis sample buffer and
analyzed on a 7.5% SDS-polyacrylamide gel. The gels were dried and
subjected to autoradiography for 24 h at -70'C. The molecular
weights of the radioactive hormone-receptor complexes were esti-
mated by comparison with prestained molecular weight standards.

Data analysis. The binding of '25I-oPL to crude homogenates, mi-
crosomal fractions, and soluble detergent extracts of fetal and maternal
liver was examined in the presence or absence of varying concentra-
tions (0.1 ng to 10 gg per tube) of unlabeled oPL, oGH, and oPRL. The
total binding of 1251-oPL was expressed as the percent of iodinated
hormone bound to hepatic membranes or detergent extracts. Specific
binding was calculated by subtracting the amount of binding which
occurred in the presence of excess (1-10 Mg) unlabeled hormone (non-
specific binding) from the total binding. The number and affinity of
hormone binding sites, and the relative potencies of oPL, oGH, and
oPRL in competing for binding to these sites, were estimated by analy-
sis of competitive binding data using the LIGAND computer program
(31) adapted for the IBM PC by McPherson (32). All comparisons of
the potencies of the various hormones were performed using mem-
brane preparations or detergent extracts pooled from the same sheep
liver. In all experiments, the binding of '25I-oPL to hepatic membranes
or to Triton-soluble fractions was determined in triplicate samples and
was expressed relative to the protein content (33) of the membrane
suspension. The statistical significance between sample means was
tested by analysis of variance.

Results

Soluble extracts of fetal and maternal liver were prepared by
incubating sheep hepatic microsomes with 1% Triton X- 100 in
Tris buffer. Detergent extracts prepared in this manner con-
tained specific, high-affinity (Kd 0.5 nM) PL binding activity
but little or no specific GHor prolactin binding activity (25).

The PL receptor was purified from the detergent extracts
by ion-exchange chromatography, size exclusion chromatog-
raphy, and affinity chromatography. The various chromato-
graphic procedures yielded qualitatively similar results with
extracts of fetal or maternal liver (Tables I and II). Chromatog-
raphy of soluble Triton extracts on DE-52 at pH 8.0 provided a
two- to threefold purification of the PL receptor, and chroma-
tography of the DE-52 eluate on Sepharose 6B provided an
additional twofold purification. The PL receptor was eluted
from Sepharose 6B as a broad peak of binding activity with an
approximate molecular weight of 130,000 (Fig. 1). The overall
recoveries of fetal and maternal oPL binding activity from
DE-52 and Sepharose 6B were 75-81% and 47-53%, respec-
tively.

Table I. Purification of the PL Receptor from Fetal Liver

Step Protein Activity Kd Purification Recovery

mg fmol/mg protein nM -fold %

Microsomes 233 47 0.37
1% Triton 214 49 0.52 1.0 92
DE-52, pH 8 80.8 103 0.56 2.2 76
Sepharose 6B 25.8 208 0.55 4.4 49
oPL-Affi-Gel -0.0003 -5,840,000 0.48 124,000 16

The oPL receptor was purified from detergent extracts of fetal liver
at 137 d of gestation. Estimates of the degree of purification follow-
ing affinity chromatography are based on estimates of the amount of
receptor recovered as determined by densitometric analysis of poly-
acrylamide gels. Qualitatively similar results were obtained using tis-
sues of fetal lambs at 131 and 133 d of gestation.

Table II. Purification of the PL Receptor from Maternal Liver

Step Protein Activity Kd Purification Recovery

mg fmol/mg protein nM -fold %

Microsomes 315.5 149 0.55
1% Triton 297 143 0.69 0.85 91
DE-52, pH 8 98.4 387 0.54 2.6 81
Sepharose 6B 30.6 813 0.59 5.1 53
oPL-Affi-Gel -0.001 1 12,820,000 0.61 -86,000 30

The oPL receptor was purified from detergent extracts of maternal
liver at 137 d of gestation. Estimates of the degree of purification
after affinity chromatography are based on estimates of the amount
of receptor recovered as determined by densitometric analysis of
polyacrylamide gels. Qualitatively similar results were obtained using
tissues of pregnant sheep at 131 and 133 d of gestation.

After ion-exchange and size-exclusion chromatography,
the PL receptor was purified 75,000- to 125,000-fold by affin-
ity chromatography using a column of ovine PL coupled to
Affi-Gel 10. Soluble extracts of fetal and maternal liver were
incubated with oPL-Affi-Gel for 24 h at 4VC, and material
which had bound to the affinity column was eluted with buffer
containing 5 MMgCl2. Fractions were dialyzed against Tris-
Triton and then assayed for specific oPL binding activity. As
shown in Fig. 2, the oPL receptor bound to the oPL affinity
column and was eluted with 5 MMgCl2. The overall recovery
of oPL binding activity following ion-exchange, Sepharose and
affinity chromatographies was 16-30%; a higher recovery
might have been obtained if we had used more than 1 mgof
oPL in the generation of the affinity column.

When Affi-Gel fractions containing oPL binding activity
were concentrated and analyzed by SDS-PAGE, the predomi-
nant protein observed had a molecular weight of
44,000±2,000 (Fig. 3). The presence of j3-mercaptoethanol in
the electrophoresis sample buffer did not alter the apparent
molecular weight of the protein. WhenAffi-Gel fractions con-
taining oPL binding activity were iodinated and then analyzed
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Figure 1. Chromatography of the oPL receptor on Sepharose 6B. Mi-
crosomal fractions of maternal liver at 137 d of gestation were solu-
bilized with Triton X-100, applied to a DE-52 column (20 X 2.5 cm)
and eluted with 0.4 MNaCI. DE-52 fractions containing oPL bind-
ing activity were pooled, concentrated, and dialyzed against Tris-Tri-
ton. An 8-ml aliquot of the pooled eluate was applied to a column
(91 x 1.5 cm) of Sepharose 6B and eluted with Tris-Triton. Sepha-
rose fractions were assayed for oPL binding activity (x) and for pro-
tein content (<). Molecular weight standards used to calibrate the
column included dextran blue (Vo), fl-amylase (200,000 mol wt), bo-
vine serum albumin (BSA, 68,000 mol wt), and '25I-oPL 22,000 mol
wt). Values represent the mean of triplicate values. The SE in all
cases was less than or equal to 10% of the mean value. Similar find-
ings were noted using soluble extracts of fetal liver at 137 d of gestation.
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were pooled and incubated with oPL-Affi-Gel under the conditions
described in Methods. The affinity column was then washed with
600 ml of cold Tris-Triton, and material which had bound to oPL-
Affi-Gel was eluted with Tris-Triton containing 5 MMgCl2. Affi-Gel
fractions were dialyzed against Tris-Triton and assayed for oPL bind-
ing activity. Values represent the mean of triplicate values. In each
case, the SE was < 15% of the mean value. Similar findings were
noted using soluble extracts of maternal and fetal liver at 133 d of
gestation.

by SDS-PAGE, a single protein band with 43,000 mol wt was
observed (Fig. 4, lanes F and Ml). To determine whether this
43,000-mol wt protein represented the oPL receptor, fractions
containing the iodinated protein were subjected to affinity
chromatography a second time and analyzed by SDS-PAGE.
Under these conditions, a radiographic band with 43,000 mol
wt was also observed (Fig. 4, lane M2), suggesting that the
ibdinated protein contained PL binding activity.

Affi-Gel fractions containing the 44,000-mol wt protein
bound '25_-oPL specifically and with high affinity (Kd 0.6 nM,
Fig. 5, inset) but did not specifically bind radiolabeled oGHor
oPRL in parallel experiments. The specific binding of radiola-
beled oPL in experiments using 120 ,l of the dialyzed MgCl2
eluate (estimated to contain 2.5-5 ng of the 44,000-mol wt
protein) was 4.5-6.0%. In experiments using 350 1l of the
dialyzed MgCl2 eluate, the specific binding of radiolabeled oPL
was as high as 16%. In competition studies using I251-oPL as
the radioligand (Fig. 6), the potency of oPL in competing for
binding to the purified oPL receptor greatly exceeded that of
oGHor oPRL. The PL receptor bound unlabeled oPL with a
potency 30-50 times greater than that of oGHand 500- 1,000
times greater than that of oPRL. Epidermal growth factor (500
ng/ml) and insulin (1 ,uM) did not compete with '25I-oPL in
the binding assay.

Cross-linking of 125I-oPL to the affinity-purified receptor
yielded a radioactive protein complex with molecular weight

F M Figure 3. SDS-PAGEof the affinity-puri-
*Et-V^ -84 fied oPL receptor. The oPL receptor was

-58 purified from maternal (M) and fetal (F)
44_-Ad Hi 48 liver at 137 d of gestation. Affi-Gel frac-

- 36.5 tions containing oPL binding activity
were concentrated, dialyzed against Tris-

-26.6 Triton, boiled in electrtphoresis sample
buffer, and analyzed on a 12.5% poly-
acrylamide gel under nonreducing (M)
or reducing (F) conditions. The gels were

stained with silver, and the molecular weights of the stained proteins
were estimated by comparison with molecular weight standards ap-
plied to the gel. Estimates of the molecular weight of the oPL recep-
tor using extracts of fetal and maternal liver at 131 and 133 d of ges-
tation ranged from 40,000 to 48,000.

F r-M--i Figure 4. SDS-PAGEof the iodin-
l 2 ated oPL receptor. The oPL recep-

-
-I 200 tor from fetal (F) and maternal

(M) liver was purified as described
- 16 in Figs. 1 and 2. Affi-Gel fractions
-84 containing oPL binding activity

4 -58 (see Fig. 2) were iodinated under
43 _ i -48.5 the conditions described in

-36.5 Methods. The iodinated receptor
-26-6 was then analyzed on a 12.5%

polyacrylamide gel under reducing
conditions (lanes F and M-J). lo-

dinated material was rechromatographed on oPL-Affi-Gel, and frac-
tions containing radioactivity were pooled, dialyzed against Tris Tri-
ton, and analyzed by SDS-PAGEunder reducing conditions (lane
M-2).

67,000 (Fig. 7, lane 1). The 67,000-mol wt radioactive com-
plex was not observed when incubations were performed in the
presence of a 1000-fold excess of unlabeled oPL (Fig. 7, lane
2). Since the molecular weight of oPL is - 22,000, the molec-
ular weight of the oPL receptor estimated by affinity cross-
linking was - 45,000.

Discussion

Wehave purified a 44,000±2,000-mol wt protein from soluble
detergent extracts of fetal and maternal sheep liver. Five lines
of evidence suggest that this 44,000-mol wt protein is the PL
receptor or a component of the PL receptor: first, Affi-Gel
fractions that contained predominantly the 44,000-mol wt
protein bound radiolabeled oPL specifically and with high af-
finity but did not specifically bind radiolabeled oGHor oPRL;
secondly, Affi-Gel fractions containing the 44,000-mol wt
protein, like microsomal fractions of ovine fetal liver (22, 23),
bound oPL with a potency 30-50 times greater than that of
oGHand 500- 1,000 times greater than that of oPRL; thirdly,
the iodinated 44,000-mol wt protein re-bound to the oPL af-
finity column; fourthly, cross-linking of radiolabeled oPL to
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Figure 5. Binding of radiolabeled oPL to the purified PL receptor.
The PL receptor was purified from the liver of a pregnant sheep at
133 d of gestation. Aliquots ( 120 Ml ) of material that eluted from the
oPL affinity column were incubated for 24 h at 4VC with '25I-oPL
(75,000 cpm, - 0.2 nM) in the presence or absence of increasing
amounts of unlabeled oPL (0.5 ng to 2 gg). Values represent the
means of duplicate values. The specific binding of radiolabeled oPL
under the conditions described above was 5.9%. The binding of oPL
to the PL receptor was analyzed by the method of Scatchard (inset)
using the LIGAND computer program (31).
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Figure 6. Effects of unlabeled oPL, oGH, and oPRL on the binding
of '25I-oPL to the affinity-purified oPL receptor. The oPL receptor
from maternal liver at 137 d of gestation was purified by ion-ex-
change chromatography, gel exclusion chromatography, and affinity
chromatography. Affi-Gel fractions containing oPL binding activity
were pooled and incubated for 24 h at 4°C with '251-oPL (0.2 nM,

- 65,000 cpm) as well as various amounts of unlabeled oPL, oGH,
and oPRL. Values represent the means of triplicate values. In each
case the SE of the mean was < 12% of the mean value. Similar find-
ings were noted using soluble extracts of fetal liver at 133 d of gestation.

fractions containing the 44,000-mol wt protein yielded a radio-
active hormone-receptor complex with a molecular weight of
67,000, indicating that the 44,000-mol wt protein contained
specific oPL binding activity; and fifthly, the molecular weight
of the purified PL receptor (44,000±2,000) is similar or iden-
tical to that of the oPL binding site in sheep liver microsomes
(38,000-47,000) determined previously (23, 25) by affinity
cross-linking techniques. The molecular weight of the PL re-
ceptor estimated by Sepharose chromatography was higher
(130,000) than that estimated by SDS-PAGEbecause the re-
ceptor may have migrated on Sepharose as a component of a
Triton-protein micelle.

Whereas the PL receptor has an apparent molecular weight
of 44,000±2,000, the GHreceptor detected in human adult
liver (34) and in tissues of postnatal rabbits (30, 34), rats (35,
36), mice (37), and sheep (23, 25) has a molecular weight of
108,000-130,000 (34). A GHbinding site of lower molecular
weight (50,000-80,000) identified in rabbit (38, 39) and sheep
(23, 25) liver and in rabbit (38) and human (40, 41) serum
appears to represent the extracellular GH-binding domain
cleaved from the GH receptor by proteolysis at or near the
receptor transmembrane region (30, 34). While the molecular
weight of the PL receptor differs from that of the GHreceptor,
the molecular weight of the PL receptor is similar to that of
prolactin receptors (32,000-41,000) purified from rabbit
mammary gland (42) and rat liver (43). In addition, the PL

1-) (±)

Figure 7. Cross-linking of radiolabeled
180 oPL to the purified PL receptor. Affigel

fractions containing oPL binding activity
were dialyzed against 25 mMHepes, 10
mMMgCl2, pH 7.6, and incubated for

-116 24 h at 40C with '251-oPL (500,000 cpm,
- 0.5 nM) in the presence (+) or ab-

-84 sence (-) of 1 gg unlabeled oPL. Cross-
linking of the radiolabeled hormone to
the PL receptor was performed using 0.4

-5 8 mMdisuccinimidyl suberate as described
-48 in Methods. The reaction mixtures were

analyzed on a 7.5% SDS-polyacrylamide
gel under reducing conditions.

receptor, like the prolactin receptor (42-44), does not appear
to be linked by interchain or intrachain disulfide bonds. These
findings suggest that the PL receptor may be structurally re-
lated to the prolactin receptor.

The PL, GH, and PRL receptors are distinguished by their
differing affinities for PL, GHand PRL. Like the PL binding
site detected in microsomal fractions of human fetal liver (24),
the PL receptor purified from sheep liver has high affinity for
PL (Kd 0.5 nM) but low affinity for GHand PRL. In contrast,
GH(somatotropic) receptors in the sheep and in other mam-
mals have high affinity for the mammalian growth hormones
and the ovine and caprine placental lactogens but low affinity
for the mammalian PRLs and the primate PLs (18, 20, 21).
PRL (lactogenic) receptors preferentially bind prolactin and
other "lactogenic" hormones such as human GHand human
PL but have low affinity for "somatotropic" hormones such as
oGHand bovine GH(18, 19).

The PL, GH, and PRL receptors are also distinguished by
striking differences in expression during ontogeny. Specific PL
binding sites are detected in the liver of the fetal lamb (8, 22,
23, 25) and fetal mouse (45) and in the liver and skeletal
muscle of the human fetus (24). In contrast, there is little or no
specific binding of radiolabeled GHor PRL to human fetal
skeletal muscle (24) or to tissues of the fetal rat, rabbit, rhesus
monkey, mouse, or sheep (8, 22, 46-50). Specific GHbinding
sites are detected in low concentrations in microsomal frac-
tions of human fetal liver (24). After birth, the binding of GH
to human liver and to other mammalian tissues increases
markedly (8, 21, 22, 46, 47, 50).

Changes in the expression of PL and GHreceptors may
mediate changes in the hormonal control of growth during the
transition from fetal to postnatal life. The presence of distinct
PL receptors in fetal tissues provides a mechanism whereby PL
may exert direct anabolic effects on fetal amino acid and car-
bohydrate metabolism and may stimulate fetal somatomedin
production. On the other hand, GHdoes not acquire somato-
tropic activity until a new and distinct GHreceptor emerges
after birth. Since the biological actions of PL in fetal tissues are
similar to the effects of GHin postnatal tissues, the presence of
distinct fetal PL receptors implicates a role for PL as a "fe-
tal GH."

A role for PL as a "maternal GH" during pregnancy is
suggested by studies demonstrating that PL has GH-like effects
on carbohydrate and lipid metabolism and stimulates insulin-
like growth factor I production in pregnant rats (1, 2, 5 1). Our
studies in the sheep indicate that maternal liver contains both
PL and GHreceptors. Since oPL binds with high affinity to
GHas well as PL receptors, the biological actions of PL in
tissues of the pregnant sheep may be mediated through bind-
ing to PL and/or GHreceptors.

In summary, we have purified and characterized a distinct
PL receptor, a new member of the GH/PRL receptor family.
The PL receptor differs from previously characterized soma-
totropic (GH) and lactogenic (PRL) receptors in structure,
function, and expression during ontogeny and may play a role
in the regulation of maternal metabolism and the control of
fetal growth.
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