This article was downloaded by:

On: 16 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Journal of Publication details, including instructions for authors and subscription information:
e assay & http://www.informaworld.com/smpp/title~content=t713597271

Immunochemistry

Parathormone Receptor Binding and the Influence of Membrane

Degradation of the Hormone
. T Harald Juppner?; Rolf-Dieter Hesch®
J I reo * Dept. Innere Medizin Medizinische Hoohschule Hannover, Abt. fur Klinische Endokrinologie,
= : 1'-..--'- o Hannover
[ ——

To cite this Article Juppner, Harald and Hesch, Rolf-Dieter(1980) 'Parathormone Receptor Binding and the Influence of
Membrane Degradation of the Hormone', Journal of Immunoassay and Immunochemistry, 1: 1, 39 — 55

To link to this Article: DOI: 10.1080/01971528008055775
URL: http://dx.doi.org/10.1080/01971528008055775

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1080/01971528008055775
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12: 47 16 January 2011

Downl oaded At:

JOURNAL OF IMMUNOASSAY, 1(1). 39-55 (1980)

PARATHORMONE RECEPTOR BINDING AND THE INFLUENCE OF
MEMBRANE DEGRADATION OF THE HORMONE

Harald Juppner and Rolf-Dieter Hesch
Abt. fur Klinische Endokrinologie, Dept. Innere Medizin
Medizinische Hochschule Hannover, 3 Hannover 61, GFR

ABSTRACT

Concentration of receptor bound parathormone was
determined wusing a labelled-antibody-membrane-assay (LAMA).
4.2-31.2 fmol PTH per mg membrane protein (0.42-3.12 fmol/tube)
were bound at apparent PTH concentrations of 15.6-500
fmol/tube. Only 0.65%-3.2% of PTH could be detected at the
receptor sites. The amount of free hormone was corrected for
inactivation of intact immunologically reactive PTH and of
intact biologically reactive PTH. Only after the latter
correction were values for binding affinity (Kd @ 1.1 x 10~-12
mol/mg) and number of binding sites (Bp,y = 5.8 x 101k
mol/mg) obtainable. These results indicate that allowance must
be made for loss of biological activity of hormone at membrane
receptor sites if binding parameters are to be defined free of
artifacts. Binding data may otherwise be misinterpreted as
indicating negative cooperativity, heterogeneity of binding
sites or multi-step reactions.

INTRODUCTION

Most receptor assays for peptide hormones are based upon
the principle of “competitive-ligand-assay’ (1,2). Binding of
labelled hormone and competition by nonradiocactive hormone at
the receptor site is observed. It 1is generally assumed that
data from such experiments allows one to quantify receptor
occupancy, binding capacity, affinity and the receptor
concentration  (3). Conflicting  interpretations of the
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physicochemical characteristics of the underlying reactions
have been made because two prerequisites of current receptor
assays are subject to possible criticism. First: 1labelled
hormone should maintain its bioclogical activity. Several
procedures have been used to incorporate 1251 into the molecule
but it has not always been excluded that unlabelled peptide
populations may determine the resultant biological activity.

It has been demonstrated that 125

I insulin prepared by
conventional methods exhibits a loss of biological activity
(4). This 1is also true for glucagon, FSH and especially for
parathormone (5), where the N-terminal loop is destroyed during
the oxidative labelling procedure (6). Even incorporation of
3H into the PTH-molecule has not completely overcome this
problem (7). Surprisingly, some hormones seem to exhibit
higher biological activity when radioactively labelled (8).
For gastrin, activity identical to native hormone after

incorporation of 125

I has recently been claimed (9). Labelled
hormones may undergo dramatic conformational changes and these
have been demonstrated recently for FSH (10). This is important
because such changes must be expected to influence the binding
kinetiecs at the receptor site. Secondly: Inactivation of the
ligand may occur during incubation with the receptor because
most hormonal receptors are associated with a hormone
inactivating site. Several chemical or immunological methods

have been wused to correct for this, but they do not detect

changes in biological activity of the ligand (11).
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The measurement of receptor site occupation by unlabelled,
structually unaltered hormone is described here wusing a
modification of the labelled antibody technique (LAMA) (12,13)
to determine receptor bound hormone and to measure hormone
inactivation during the assay 1incubation. The resulting data

is used to define receptor-ligand binding constants.

Experimental Design

1. Immunoadsorbed bPTH (ImAd-bPTH) linked at the N-terminus was
assayed in a C-regional RIA using bPTH as standard. The ImAd-
bPTH showed parallelism and was assigned an assay value in
terms of C-regional standard.

2. DbPTH was reacted with membranes for 2 hrs and the bound bPTH
was assayed with labelled C-regional antibody (*Ab) using the
ImAd-bPTH as standard.

3. The bPTH not bound after incubation with membranes for 2 hrs
was assayed using fresh membranes to derive remaining
biological activity. The same unbound component was assayed
for immunologically reactive hormone by a immunoradiometric
assay using polyethylene tubes to adsorb intact bPTH, followed

by labelled C-regional antibody, with bPTH 1-84 as standard.

MATERIALS AND METHODS

The labelled-antibody-membrane-assay (LAMA) was performed
as previously described (13) using chick renal plasma membranes
(100 wug/tube) prepared by the technique of Fitzpatrick et al

(14). Immunoadsorbent (ImAd) was prepared according to Addison
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and Hales (15) from Ultro-Gel AcA 54 (LKB, France). Purified
bovine PTH was kindly provided by the Hormon-Chemie, Munchen,
GFR. C-regional PTH was determined by radioimmunocassay (16)
using antibody S478 X (final dilution 1:5000). To separate
bound and free hormone a precipitating second antibody
(Wellcome: AS 796 - donkey anti-sheep/ goat) was used in a
final concentration of 1:500. The immunoradiometric assay for
1-84 DbPTH was performed as described (17). For all assays we
used the international bPTH standard 71/324, kindly provided by
the National Institute for Biological Standards and Control
(NBSB), London. All other reagents were of the highest purity

available.

Concentration of ImAd-bound-bPTH

Bovine parathormone with the N-terminus covalently bound
to activated amino cellulose (ImAd) was assayed at six
dilutions (1:200 - 1:6400) using a C-regional specific RIA
(16). ImAd dilution ran parallel with the standard curve. 100

ul of this ImAd solution contained 10 pMoles bPTH (71/324).

Absolute Receptor Bound Hormone

For the assay of hormone bound to the receptor, a LAMA
standard curve was set up using chick renal plasma membranes
(100 ug/tube). Hormone concentrations ranged from 15.6 to 500.0
fmol/tube. Non-specific binding of PTH to the plastic tube was

measured using the same standard concentrations incubated
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without the addition of membranes. The first incubation was
carried out for 2 hrs at 22°C. After washing the membrane
pellet once, the labelled antibody was added and incubated for
one hour. In a simultaneous assay, dilutions of ImAd (1:25600
- 1:1600) representing 0.39 - 6.25 fmol bPTH/tube were
incubated with the same labelled antibody. After washing twice

the membrane pellet and the ImAd-pellet and cutting off the

tips of the tubes, the samples were counted in an automatic
gamma  counter (Berthold, Wildbad, GFR). Each sample
measurement was corrected for non-specific binding of the
hormone to the plastic tubes at the respective hormone
concentrations (not presented). Radioactivity of the labelled
antibody 1increased with increasing amounts of hormone bound to
the receptor sites on the membranes. Thus the amount of
radioactivity 1s directly related to the amount of receptor
bound hormone (PTH.). Radioactivity also 1increased when the
labelled antibody was 1incubated with increasing amounts of
ImAd. Since the solid-phase bound PTH concentration had
already been determined, the respective amount of radiocactivity
refers to a known concentration of the hormone. By comparison
of the receptor-bound radicactivity with the ImAd bound
radioactivity, the hormone concentration in the membrane pellet
could be read off the ImAd standard curve (Fig. 1). The two
reactions compared are as follows:

i) PTHa + R = P'I'Hr; wash; PTHr + ¥Ab = PTHr*Ab;

wash; count PTHr*Ab

ii) TImAd-PTH + ¥Ab => ImAd-PTH¥*Ab; wash; count ImAd-PTH*ADb

43
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(H=hormone; R=receptor; Ab=Antibody; PTHazinitial parathormone;

*Ab=z=labelled antibody; PTHr=receptor bound parathormone)

(Bmax~BVKd
Bmax™B
Bmax
Kd
P el i e—
Kd
Figure 1.
Determination of receptor bound Parathormone. Increasing

amounts of Parathormone were incubated with chick renal plasma
membranes. PTH bound to the receptor sites was determined by a
radiolabelled antibody directed against the C-terminal part of

the hormone. Simultaneously, the 125

I antibody was incubated
with a solid phase PTH (ImAd-PTH) with a previously determined
hormone concentration. The concentration of PTH bound to the

membranes was directy read off the ImAd standard curve.
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Determination of Hormone Inactivation

After incubation we  measured the concentration of
immunologically intact 1-84 PTH (PTHi) and of biologically
active 1-84 PTH (bioPTH) (biological active hormone in this
context is hormone which is able to bind to membranes). Native
hormone (1.56 - 50.0 ng/ml) was incubated with membranes for 2
hrs at 22°C. After centrifugation at 4°C the supernatants were
aspirated and assayed for 1-84 PTH; in a two-site sandwich
assay (17) and for 1-84 bioPTH in a second LAMA. Resulting
standard curves were compared to those for PTH without prior
membrane exposure. Data obtained for receptor bound hormone
(PTHr) were subtracted from initial amount of PTH (PTHa) in the
incubation milieu to obtain free hormone (Fl) concentrations.
The following formulas were used for calculation of the free

hormone concentration:

i) without correction for inactivation:

Fl = P‘I‘Ha - PTHr (immunological inactivation)

ii) with correction for immunological inactivation:

F2 = PTHi (viological inactivation)

iii) with correction for biological inactivation:

F3 = bioPTH

45
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For the analysis of raw data from binding and inactivation

studies we used the geometric construction described by
Eisenthal and Cornish-Bowden  (18). For  ligand-binder
cpm
300

standard curve for LAMA
using chick membranes (100 ug/tube)

T binding of 125) antibody onto

ImAd-PTHin dilutions from
11600 - 1:25800

-/

/

— ! L ! ! T ! I 1
15.6 31.25 62.5 125 250 500 0.39 0.78 1.56 3125 6.25
fMoles PTH,, added to membranes fMoles PTH/tube (100ul ImAd)

representing PTH |

Figure 2.

The mass action

relationship B/F = (B

- B)/Kd (B @ bound

max
ligand concentration; F = free ligand concentration; Bmax =
maximal receptor binding capacity; Kd = binding affinity) is
used to generate two similar right angle triangles; base F and
height R, base K4 and height (Bmax - B) respectively. The
first is constructed for each pair of data points.
Extrapolation of each hypotenuse will yield a common

intersection

and Kd.

which defines the second

triangle and hence B
max
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interaction involving a homogeneous single species of binding
sites, right triangles with base F, height B and a common right

angle will have hypotenuses which intersect at a point which

defines K_ and B (Fig. 2).
a max

RESULTS

The concentration of receptor bound PTH (PTHr) ranged from
.2 - 31.2 fmol /mg membrane protein (Fig. 3). With
concentrations of PTH, added to the membranes increasing from
15.6 to 500 fmol/tube, the percentage of PTH bound to the
receptor-sites decreased from 3.2 - 0.65%. As measured in the
two-site assay only 42 - 50% of PTHa at different
concentrations retained immunoreactivity after 2 hrs of
incubation with membranes. The concentration of remaining
biologically active PTH (bioPTH) as determined in a second
receptor-assay (LAMA) was also reduced to 34% - 54% (Fig. 3).
All data for PTHr and free hormone concentrations, with and
without correction for inactivation, are summarized in Table 1.

Figure 4i illustrates that plotting PTHr against Fl yielded a

-1k
variety of possible values for Kd ranging from 4.0 x 10 t to
14 ~15
45,0 x 10 mol/100 ug, and for Bmax from 1.7 x 10 to 6.3 x
10_15 mol/100 ug membrane protein. This range of values could

be diminished by correcting for immunological inactivation
(Fig. U4ii); but only after correcting F1 for biological
inactivation (Fig. W4iii) was one single intersection point

-1k
achieved. Values of 11.2 x 10 1 mol/100 yug for Kd and 5.8 x

47
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TABLE 1
B F F, F3

( fMoles/tube) ( fMoles/tube)
3.33 500.0 250.0 150.0
2.27 250.0 103.0 71.0
1.6 125.0 52.0 L3.0
1.07 62.5 22.0 24 .0
0.78 31.3 13.2 17.0
0.49 15.6 n.d. n.d.

1071

mol/100 upg membrane protein for Bmax resulted. Other
graphical designs were ambiguous in their interpretation, if
the free hormone concentrations were not corrected for
inactivation. For example, without accounting for hormone
inactivation, the Scatchard plot seemed to indicate

heterogeneity of binding sites, negative cooperativity or a

two-step reaction.
DISCUSSION

We have determined the amount of hormone bound to plasma
membranes using non-labelled native PTH for binding to the
receptor sites and a radiolabelled antibody directed against
the C-region of the hormone. This method avoids the use of

125I-labelled hormone and may more appropriately reflect the

49
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without correction for inactivation

PTH,
(fMoles bound per tube)

1 L 1 J
00 200 300 400
-Fy  (fMoles bPTH/tube)

Figure 4. 1

physiological circumstances of N-regional hormone-receptor
interaction, since 1labelled PTH is probably conformationally
altered and exhibits diminished biological activity (19).
Parallelism of ImAd-PTH with receptor bound PTH suggests that
the conformation of the hormone is not altered after binding of
the C-regional antibody. This phenomenon is regularly observed

and also reproduced using lymphocytes as receptor targets (20).
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correction for 1-84 inactivation

PTH,

(fMoles bound per tube)

1 J

1 I
50 100 150 200

1 |
-250 -200 -150 -100 -50
~-Fa  (fMoles bPTH/tube)

Figure 4. 1i

It should, however, be mentioned that such parallelism is only
achieved after correction of PTH inactivation by the receptor
protein. For definition of binding data it was also essential
to allow for the possibility of hormonal degradation during
membrane exposure. The degradation involves a 1loss of
biological reactivity followed by a 1loss of immunological

reactivity as measured by the two-site assay, which detects
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correction for LAMA inactivation T

3
PTH,

{fMoles bound per tube) F

—L [ J

50 100 150
-F3  (fMoles bPTH/tube)

Figure 4. 1iii

Figure Uu:
Calculation of binding affinity and capacity.

i) without correcting the apparent free concentration (Fl) for
inactivation during membrane exposure a variety of possible
values for Bmax and Kd was observed.

ii) after correction of free for immunological inactivation (F2)
this widespread range could be diminished.

iii) after correction of free for biological inactivation (F3) a
single intersection results yielding a unique value for

binding affinity and capacity.
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almost intact PTH, bearing the N- and C-regional regions of the
peptide. Synthetic peptide fragments (1-34, 24-48, L4-68,
53-84) do not react in this assay unless present in a molar

excess of 1000:1 (17).

The PTH-binding site seems to be located near an
inactivating enzyme which is separate from the PTH binding site
and the PTH-specific adenylate cyclase. We believe, therefore,
that the PTH-"receptor" 1s composed of three subunits whose
physiological interaction in the membrane is not yet fully
understood (21). The mathematical analysis of the PTH-receptor
interactions suggests that allowance must be made for loss of
biological reactivity in deriving the free hormone
concentration. Binding data otherwise may be misinterpretated
as showing either negative cooperativity, a two-step reaction
or heterogeneity of binding sites. Such features are already

described for several hormones (22,23).

The values for the affinity constant (Kd) and the receptor

binding capacity (Bmax)’ calculated as being 1.1 x 10"12

mol/mg
and 5.8 x 10'1h mol/mg, respectively, are in the range of
reported concentrations of circulating biological active
parathormone. Whether hormonal N- and C-regional PTH fragments
generated during membrane exposure have any biological function
is still open to discussion. Preliminary results suggest that

synthetic PTH fragments may cause either desensitization or

"oversensitization" of the receptor (24). This would indicate
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self-regulatory capacity located in the subunits of membrane

receptors.

12.

REFERENCES

Yalow RS, Berson SA. Assay of Plasma Insulin in Human Subjects by
Immunological Methods. Nature 1959; 18U4:1648-9.

Ekins RP. The Estimation of Thyroxine in Human Plasma by an
Electrophoretic Technique. Clin Chim Acta 1960; 5:U453-9.

Boeynaems JM, Dumont JE. Quantitative Analysis of Binding of
Ligands to their Receptors. J Clyclic Nucleotide Res 1975;
1:123-42,

Linde S, Hansen B. Preparation and Characterization of
Monoiodoinsulin. J Peptide Protein Res 1974; 6:157-63.

Sutecliffe HS, Martin TJ, Eisman JA, Pilczyk R. Binding of
Parathyroid Hormone to Bovine Kidney-cortex Plasma Membranes.
Biochem J 1973; 134:913-21.

Brewer B. Proc Third Internat Symp Endocr Heineman Medical, London
324 (1972).

Malbon CC, Zull JE. Interactions of Parathyroid Hormone and Plasma
Membranes from Rat Kidney. Biochem Biophys Res Commun 1974; 56:
952-8. .

Bromer WW, Boucher ME, Patterson JM. Glucagon Structure and
Function. 2, Increased Activity of Iodoglucagon. Biochem Biophys
Res Commun 1973; 53:134-9.

Dockray GJ, Walsh JH, Grossman MI. Biological Activity of
Iodinated Gastrins. Biochem Biophys Res Commun 1976; 69:339-45,

Merz WE, Dorner M. Studies of Significance of Carboxy-terminals
of Subunits Alpha and Beta for Properties of Human Chorionic
Gonadotropin. Acta Endocr 1977; 208:17-18.

Pohl SL, Crofford OB. Techniques for the Study of Polypeptide
Hormone Inactivation at Receptor Sites. 1In: Melby WO, Hardman JG,
eds. Methods in Enzymology. New York, San Francisco, London:
Academic Press, 1975; Part B 37:198-211.

Miles LEM, Hales CN. Labelled Antibodies and Immunological Assay
Systems. Nature 1968; 219:186-9.



12: 47 16 January 2011

Downl oaded At:

PARATHORMONE RECEPTOR BINDING 55

13.

4.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

McIntosh CHS, Hesch RD. Characterization of the Parathyrin
Receptor in Renal Plasma Membranes by Labelled Hormone and
Labelled Antibody Binding Techniques. Biochem Biophys Acta 1976;
426:535-46.

Fitzpatric DF, Davenport GR, Forte L, Landon EJ. Characterization
of Plasma Membrane Proteins in Mammalian Kidney. I. Preparation
of a Membrane Fraction and Separation of the Protein. J Biol Chem
(1969); 2u44:3561-9.

Addison GM, Hales CN, Woodhead JS, O’Riordan JLH. Immunoradio-
metric Assay of Parathyroid Hormone. J Endocrinology (1971); 49:
521-30.

Hehrmann R, Wilke R, Nordmeyer JP, Hesch RD. Hochsensitiver,
C-terminal-spezifischer Radioimmunoassay fur menschliches
Parathormon als Routine Methode. Dtsch med Wschr 1976; 101:
1726-9.

Juppner H, Mohr H, Hesch RD. Horm Met Res. Submitted.

Eisenthal R, Cornish-Bowden A. The Direct Linear Plot. A New
Graphical Procedure for Estimating Enzyme Kinetic Parameters.
Biochem J 1974; 139:715-20.

Fiskin AM, Cohn DV, Peterson GS. A Model for the Structure of
Bovine Parathormone Derived by Dark Field Electron Microscopy.
J Biol Chem 1977; 252:8261-8.

Biallasiewicz A, Diehl V, Juppner H. Binding Kinetics of PTH to
Cultured B-lymphocytes and T-lymphocytes. Acta Endocr 1978; 87:
106~T7.

Mohr H, Hesch RD. On the Nature of Parathyroid Hormone Binding
to Renal Cortical Plasma Membranes. Acta Endocr 1979; 91:300.

DeMeyts P, Bianco R, Roth J. Site-site Interactions Among Insulin
Receptors. Characterization of the Negative Cooperativity. J Biol
Chem 1976; 241:1877-8.

Jacobs S, Cuatrocasas P. The Mobile Receptor Hypothesis and
“Cooperativity’ of Hormone Binding. Application to Insulin.
Biochim Biophys Acta 1976; 433:482-95.

Biallasiewicz AA, Juppner H, Diehl V, Hesch RD. Biochem Biophys
Acta 19793 584:467.



