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SUMMARY: Preparation of a soluble extract of bovine kidney cortex plasma mem—
branes with Triton X~100 is described. Interaction of this extract with tri-
tiated parathyroid hormone was detected using three distinct binding assays:
gel filtration chromatography, precipitation of bound hormone with polyethy-
lene glycol, and adsorption of free hormone with microfine silica. The bind-
ing of parathyroid hormone to the component(s) in the extract was highly spe-
cific and sensitive to competition by purified native parathyroid hormone and
synthetic (1-34) bovine parathyroid hormone. Imnactivation of the tritiated
parathyroid hormone by oxidation led to loss of its binding activity.
Understanding polypeptide hormone action at the molecular level depends
on identification, extraction, isolation and characterization of the cellular
structure(s) with which the hormone initially interacts, i.e., a receptor.
For parathyroid hormone (PTH)* the existence of specific receptors in a bovine
kidney plasma membrane preparation was first demonstrated by Sutcliffe et al.
(1) and later shown by Malbon and Zull (2) in rat kidney plasma membranes, and
by DiBella et al. again in bovine membranes (3). In this communication we now

present data which suggest further progress toward these long-range goals;

i.e., the solubilization of PTH receptor from kidney membrane preparations.

MATERTALS AND METHODS. Highly purified, bovine parathyroid hormone (1800-2200

Units/mg protein) was purchased from Inolex Pharmaceuticals, Glenwood, I11.

*Abbreviations used are: PTH, parathyroid hormone; [3H]PTH, tritiated aceta-
midino parathyroid hormone; ACTH, adremocorticotropic hormone, OX—[3H]PTH,
oxidized, tritiated acetamidino parathyroid hormone; EDTA, ethylenediamine
tetraacetic acid; PEG, polyethylene glycol; BSA, bovine serum albumin.
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Bovine insulin, glucagon and lysine-vasopressin were purchased from Sigma.
Synthetic human ACTH was a gift from Dr. George Sayers, Dept. of Physiology,
Case Western Reserve University, Cleveland, Ohio. Bio~Bead SM-2 and Bio-Gel
P-100 were purchased from Bio-Rad Laboratories, Rockville Centre, N. Y.
Triton X-100 was purchased from RPI Corporation, Elk Grove Village, I1l.
Quso G-32 was purchased from Philadelphia Quartz Company, Chester, Penn.

A1l other chemicals were obtained from Fisher Scientific, Fair Lawn, N. J.

Details of the preparation of the tritiated derivative of PTH, [3H]
acetamidino PTH, its biologically inactive, peroxidized counterpart OX—[3H]PTH,
and characterization of this tracer has been reported elsewhere (4, 5). The
specific activity of the hormone used in these studies was 4.8 x 106dpm per
microgram,

Preparation of a soluble extract of partially purified plasma membranes
of bovine kidney cortex is described below. Bovine kidney cortex fresh from
slaughter was processed to the point of partially purified membranes as de-
tailed previously (6). This partially purified membrane fraction was washed
free of sucrose and suspended in a 25mM Tris-HCl, pH 7.5, 1lmM EDTA buffer
with a final protein concentration of 2-4 mg/ml. This suspension was diluted
with an equal volume of a 2% Triton X-100 (w/w), 25mM Tris-HCLl, pH 7.5, lmM
EDTA buffer and homogenized at 0°C with two strokes of a Potter-Elvehjem ho-
mogenizer. The mixture was vigorously shaken at 2°C for 2 hours and then
centrifuged at 100,000 x Grax for 2 hours in a Beckman L-50 ultracentrifuge
fitted with a type 50 rotor set at 4°C. The resultant pellet was discarded
and the supernatant consisting of solubilized material (i.e., "the extract")
was aliquoted and stored at -20°C.

The detergent was removed from the extract by vigorous agitation with
Bio-Bead SM~-2 following the procedure of Holloway (7). The protein concen~-
tration of the extract was determined by the method of Lowry et al. (8),
using bovine serum albumin as a standard. Details of this procedure will be

given in a subsequent publication (9).
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Three distinct binding assays were employed: (a) gel filtration column
chromatography of incubation mixtures containing extract and [3H]PTH on Bio-
Gel P-100 columns which allow distinct separation of free and bound PTH;

(b) precipitation of macromolecular-bound [3H]PTH from solution with poly-
ethylene glycol (10); and (c) adsorption of the free [3u]PTH from solution
with microfine silica, Quso G-32 (11). The details of each of these methods
are given in the following section.

Fractions from the gel filtration columns, pellets from the polyethylene
glycol precipitation, and aliquots of the supernatants before and after Quso
G-32 treatments were solubilized with NCS (Amersham/Searle) and counted in a
Picker Nuclear Liquimat. The efficiency of the counting was established and

results converted to dpm.

RESULTS. As shown in Figure 1, incubation of the kidney extract with [3H]PTH
followed by chromatography of the mixture on Bio-Gel P-100 showed distinct
evidence of an interaction between the hormone and a macromolecule. Whereas
the hormone alone elutes as a single peak at the position indicated midway
between the void and salt volumes, the mixture chromatographed as two major
peaks, one eluting in the void volume and representing 30-40% of the total,
and the second eluting in the position expected for free PTH., A third small-
er peak eluting in the salt volume suggests that some degradation of the
hormone may also have occurred during the incubation. Preincubation of the
extract with a 100-fold molar excess of unlabeled, native PTH significantly
reduced the subsequent binding of the [3H]PTH to the extract. This observa—
tion suggests a binding process with some specificity and reduces the proba-
bility that the observed binding is artifactual. The presence of the unlabeled,
native PTH did not affect the third peak in any way.

In view of the importance of the above conclusions we sought further evi-
dence by two completely independent means: (a) precipitation of the receptor-
PTH complex with polyethylene glycol and, (b) removal of unbound [3H]PTH from

solution by adsorption on microfine silica (Quso G-32). Figure 2 demonstrates
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Figure 1. Bio-Gel P-100 gel filtration chromatography gf 0.5 mg of bovine
kidney cortex soluble extract incubated with 10 ng of [“u]pTH preincubated
1 hr at 0°C with (0--~0) and without (——8) 1 ug of unlabeled native PTH.
Extract and [ H]PTH were incubated at 4°C for 12 hr in a 0.1% BSA, 25mM
Tris-HC1l, pH 7.5 1lmM EDTA buffer at a final volume of 100 uf. Chromatogra-
phy performed in 0.5 M Tris-HCl pH 7.5 on 26 x 0.4 cm lucite columns of
Bio-Gel P-100 (50-100 mesh). Void volume and salt volume are indicated by
arrows on the chromatograph.

the ability of polyethylene glycol to precipitate macromolecular bound [3H]PTH
from a common incubation mixture containing extract and the labeled hormone.
The minimum final concentration of PEG required to assure maxXimum precipita-
tion of macromolecular-bound [3H]PTH was 12% w/w. Under the conditions speci-
fied in the legend of Fig. 2 this concentration of PEG precipitates up to 40%
of the radiocactivity from the [3H]PTH—extract mixture, whereas under identical
conditions in an incubation containing only the labeled hormone and no extract,
only 3-47 of the radioactivity is precipitated.

Table I summarizes the results of further studies utilizing the PEG me-
thodology. Preincubation with unlabeled, native PTH significantly reduces the
subsequent binding of the [3H]PTH to the solubilized components precipitated

by PEG. However, similar preincubations with very large amounts of ACTH, in-
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Figure 2. Precipitation of bound PTH by increasing concentration of poly-
ethylene glycol. 150 mg of protein extract was incubated for 12 hr at 4°C
with 8 ng of tritiated PTH in 0.1% BSA, 25mM Tris, luM EDTA, pH 7.5 in 400uf
microfuge tubes. At the end of the incubation period 100 & of chilled phos—
phate buffer (0.1 M) pH 7.5 containing 0.17 human gammaglobulin was added and
the tubes placed on ice. 200 pf of the same phosphate buffer containing PEG
to give a final concentration indicated was then added, agitated and allowed
to stand on ice for 20 minutes. The tubes were then centrifuged at 10,000 x
Gpax for 10 min at 4°C. The supernatants were aspirated and the tip of the
microfuge tube containing the pellet was clipped blotted on filter paper and
placed in scintillation vials. For incubations without extract the hormone
was incubated with serum albumin alone. PEG precipitations with (®¢——e ) and
without (O——0) soluble extract present.

sulin, glucagon and vasopressin fail to reduce the subsequent binding of
[3u]PTH. Synthetic (1-34) bovine PTH was also competitive with the binding
of tritiated native PTH, but was not as effective on a molar basis as the na-
tive PTH., Imactivation of [3H]PTH by oxidation with Ho0o led to a reduction
in binding, shown also in Table I. This reduced level of bound radiocactivity
furthermore displays no sensitivity to competition by active, unlabeled PTH.
Finally, as indicated in Table II, assays of the radiocactivity remain-
ing in solution after addition of Quso G-32 to an extract—[BH]PTH mixture,
gave qualitatively similar results. Approximately 9% of the radioactivity
present in the incubations for these experiments was not precipitated by Quso G-32
in the absence of any kidney extract, but more than 25% of the radiocactivity
remained in solution when the extract was present. The reduction of "receptor

bound" radioactivity by preincubation with unlabeled native PTH was almost to-
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tal, again showing competition of unlabeled, native PTH with the tritiated

hormone for the solubilized receptor.

DISCUSSION. From the data obtained in these experiments it is clear that
Triton X~100 treatment of beef kidney membranes leads to solubilization of
a component with the capacity to bind parathyroid hormone. The likelihood
that this observation is artifactual is greatly reduced by the fact that the
same conclusion is obtained by three separate techniques, gel filtration
chromatography, PEG precipitation of bound hormone, and Quso G-32 binding of
free hormone. That the solubilized component has specificity, is sensitive
to competition by cold PTH as well as an active peptide fragment derived
from PTH (1-34, synthetic bovine PTH) and does not show specific binding of
the inactive oxidized form of PTH all adds further support to this funda-
mental conclusion.

This putative receptor appears to be a macromolecule of molecular weight
larger than 100,000 as evidenced by its elution position in Bio-Gel P-100,
and since it remains soluble after removal of the detergent further charac-—
terization should be possible. However, only more extensive careful study
will reveal whether this solubilized component is in fact, as we suggest
here, a physiologically important membrane receptor for PTH., Such study is

presently underway.

ACKNOWLEDGEMENT. This investigation was supported by The National Science
Foundation (Grant No. P3B2813). C.C. Malbon is the recipient of a Sigma Xi
Research Award. J.E. Zull is supported by Career Development Award AM 70031
from the NIH.

REFERENCES

1. Sutcliffe, H.S., Martin, T.J., Eisman, J.A., and Pilczyk, R. (1973)
Biochem., J. 134, 913-921.

2. Malbon, C.C. and Zull, J.E. (1974) Biochem. Biophys. Res. Commun. 56,
952-958.

3. DiBella, F.P., Dousa, T.P., Miller, 5.S. and Arnaud, C.D. (1974) Proc.
Nat. Acad. Sci. USA 71, 723-726.

4, zZull, J.E. and Repke, D.W. (1972) J. Biol. Chem. 247, 2183-2195.

5. Zull, J,E. and Chuang, J. (1975) J. Biol. Chem. 250, 1668-1675.

186



Vol. 66, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Zull, J.E. and Malbon, C.C. "Parathyroid Hormone Receptor" in Methods
in Receptor Research (Blecher, M., Ed.) Marcel Dekker, in press.
Holloway, P.W. (1973) Anal. Biochem. 53, 304-308.

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J. (1951) J. Biol.
Chem. 193, 265-275.

Malbon, C.C. and Zull, J.E., in preparation.

Desbuquois, B. and Aurbach, G.D. (1971) J. Clin. Endocr. 33, 732-738.
Yalow, R.S. and Berson, S.A. (1966) Nature 212, 357-358.

187



