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PREFACE

The field of study of receptors today is one of the most

innovative in biology and pathology.

This book provides a multidisciplinary approach to the
problem: the biochemical characterization of binding, the mode of
action of receptors, their relationship to ion transport as well
as the relevance of membrane fluidity in receptor activity are

discussed.

It is hoped that this volume will stimulate further
collaboration among scientists 1in both basic and applied

disciplines.

The thanks of all the participants are particularly due to
Roberto Verna, who, with his efficiency and enthusiasm, has

organized such an outstanding scientific meeting.

Felice G. Caramia M.D.
Professor of General Pathology
University of Rome, Italy
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INTRODUCTION

C. Liana Bolis

Istituto di Fisiologia Generale
Universita di Messina '
98100 Messina

Italy

The importance of biomembranes as the recognition site for
many hormones, neurotransmitters, toxins and drugs is now well
documented. In addition, cell cycle steady states in actively
growing cells seem to play an important role in the control of
receptor density (Holley et al., 1977). For this reason it seems
particularly important today to consider cellular activity as an
essential part ‘of the cooperativity of membranes in signal
recognition and transduction (Bolis and Luly, 1978). For
example, cell receptor numbers can be observed to change during
cell cycle, cellular development and differentiation.

During the 1950's various experimental approaches were
developed to study hormonal binding to target cells; later,
radiolabelled hormones with high specific activities made
available information on the binding characteristics and the
specificity of hormones for specific receptor sites (Cuatrecasas
and Hollenberg 1976). These studies have been conducted with
intact cell preparations, purified or crude hormone preparations,
and solubilized receptors (Kono, 1969; Roth, 1973). However, the
experimental approaches all lack the objectivity of a study which
takes into account simultaneously overall cellular activity as
occurs in vivo. This is true even if we know that the timeless
sequence of the binding induces a relevant response through
physiological changes in the cell, involving plasma membrane
linked phenomena, like adenylate cyclase activation and/or
permeability changes (Haynes et al. 1960; Jarett and Smith, 1974).
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Considerable progress in the understanding of the membrane
structural organization in time and space has been achieved
(Singer, 1976; Singer and Nicholson, 1972). The evidence that
certain membrane proteins are free to diffuse in the plane of the
plasma membrane allows one to consider the possibility that
hormone receptors may also be mobile entities that interact with
other molecules in the membrane's plane. This concept of mobile
receptors developed by Jacobs and Cuatrecasas, 1976; De Haen,
1976; Boeynaems and Dumont, 1977, is based on observations that
receptor—-specific agonists (AcTH, prostaglandins, glucagon,
catecholamines, etc.) independently can stimulate adenylate
cyclase in the adipocyte; this offers a new approach to the
multireceptors concept.

Receptors at all surface levels may be affected by several
conditions secondary to intracellular events (cell cycle, cell
differentiation and rate of synthesis and turnover) or by a
variety of external stimuli determined by hormones and other
agents (homospecific or heterospecific) or chemical toxins or
virus (Hollenberg, 1979).

In this meeting, very interesting aspects of the role of
membrane fluidity which relates to the mobility of molecules in
the plane of the membranes, were discussed, as well as the
kinetics regulating receptor binding events, and other molecular
events underlying the hormonal effects.

Even more important is the pathology of hormone/receptor
interaction, mainly due to both hormone and receptor
concentration changes, alteration in affinities, as well as
anti-receptor antibodies pathology (Roth and Taylor, 1982).
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WHAT BINDING EXPERIMENTS CAN AND CANNOT TELL US ABOUT THE

INTERACTION BETWEEN HORMONES AND MEMBRANES

Allen P. Minton

Laboratory of Biochemical Pharmacology, National
Institute of Arthritis, Diabetes, Digestive and Kidney
Diseases, N.I.H., Bethesda, MD 20205 U.S.A.

INTRODUCTION

Until less than twenty years ago, information about the inter-
action between a hormone and its target tissue had to be indirectly
inferred from the dependence of the magnitude of elicited response
upon hormone dose or concentration. Following development of meth-
ods for the preparation of radiolabeled hormones of high specific
activity (reviewed in Cuatrecasas and Hollenberg, 1976) it became
possible to measure directly the binding of as little as a few
picomoles of hormone to a target preparation. By correlating the
extent of binding with the dose and with the extent of elicited
response it became possible to identify, and in some cases, isolate,
particular sets of binding sites termed receptors, the occupation
of which by hormone is associated with (and assumed to be) the
initiating event in the elicitation of response by hormone.

The ability of receptors to specifically bind a particular
ligand has been exploited, on one hand, to facilitate the chemical
isolation and characterization of the receptor molecule, and on
the other hand, to explore the molecular mechanism by which binding
of hormone to receptor leads to the observed cellular response.

The purpose of this communication is to briefly review factors
which can affect the binding of hormones to their receptors and to
emphasize that binding data alone do not permit one to identify
which of the possible contributory factors are actually operative
in the system under investigation.

For the purpose of this work we shall use the term "binding"
to refer exclusively to a specific, saturable interaction between

hormone and one or more sets of binding sites. Experimental data
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6 A.P. MINTON

are assumed to have been corrected properly for the presence of
weak, unsaturable adsorption of hormone to target tissue (commonly
referred to as 'nonspecific binding™).

CLASSIFICATION OF BINDING ISOTHERMS

The functional dependence of binding upon ligand concentration
at a single temperature is referred to as a binding isotherm. We
shall classify isotherms on the basis of the appearance of the
plotted data (Minton, 1982a).

The reference isotherm is that relation generated by the
Langmuir equation

a
H /MY = K [H] / (1 + K [HD ¢3)
where H, is the amount or concentration of bound hormone, N T

the amount of bound hormone at saturation, [H] is the concentration
of free (unbound) hormone, and K is an equilibrium constant for
association of univalent hormone with a single class of independent,
equivalent binding sites. The titration plot of the reference
isotherm (Figure la, solid curve) is sigmoid, symmetrical about the
half-saturation point, with two log units in free hormone concentra-
tion separating the 9 per cent and 91 per cent levels of site satu-
ration. The Scatchard plot of the reference isotherm (Figure 1b,
solid curve) is a straight line.

Two other general types of isotherm frequently observed are
schematically depicted in Figures la and lb. Curves resembling
those drawn with short dashes in the figures will be referred to
as apparent cooperative isotherms. Less than two log units in free
hormone concentration separate the 9 per cent and 91 per cent levels
of site saturation in a titration plot, and the Scatchard plot is
convex upward. Curves resembling those drawn with alternate dots
and dashes in the figures will be referred to as apparent multiple
site class isotherms. More than two log units in free hormone con-
centration separate the 9 per cent and 91 per cent levels of site
saturation in a titration plot, and the Scatchard plot is concave
upward.

FACTORS WHICH MAY INFLUENCE THE BINDING OF HORMONE TO MEMBRANE
RECEPTORS

While the interpretation of a reference-type isotherm in terms
of a single homogenous (or quasi-homogeneous) class of independent
binding sites is straightforward, both the apparent multiple site
and apparent cooperative types of isotherms may result from a var-
iety of underlying causes. These are listed for reference in Table
I and briefly discussed below.



BINDING OF HORMONES TO MEMBRANES

1. 1If binding sites for hormone are partitioned into two or
more discrete, independent classes of significantly different affi-
nity for hormone, an apparent multiple-site class isotherm will
result (Scatchard, 1949).

| b\
| \
\
T \
1IN
T N\
- ,/—"‘ N
L -7 \_\'\\\\
i ~. N\
-2 -1 1 2 0 0.5 1.0
log [H]+ Constant Hy/Hp ™

Fig. 1. Titration plot (a) and Scatchard plot (b) of three
phenomenological types of binding isotherms. Reference

isotherm, ; apparent cooperative isotherm —------ H
apparent multiple site class isotherm, =—+—<=—+—- (Adapted
from Minton, 1982a).

Table 1. Possible interpretations of isotherm shape.

Reference

Apparent multiple

site class

Apparent
cooperative

Single homogeneous class of independent
binding sites

"Quasi-homogeneous" distribution of
site affinity (Mintom, 1979)

Multiple discrete classes of independent
binding sites (Scatchard, 1949)

Continuous distribution of site affinity
(Karush and Sonnenberg, 1949)

Negatively cooperative interaction
between binding sites or hormone
molecules (Scatchard, 1949)

Nonequilibrium effects (Minton, 1982b)

Nonstoichiometric receptor-effector
interaction (Jacobs and Cuatrecasas,
1976)

Positively cooperative interaction
between binding sites or hormone
molecules (Scatchard, 1949)

Nonequilibrium effects (Minton, 1982b)
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2. If binding sites for hormone consist of a group of closely
related but nonidentical molecules (such as a glycoprotein of
variable carbohydrate composition), or if the local environment
of a receptor molecule varies from point to point over the membrane
surface, a distribution of affinity for hormone may result, to-
gether with a correspondingly broadened (multiple site type)
isotherm (Karush and Sonnenberg, 1949).

3. The affinity of a particular receptor molecule for hormone
may depend upon the occupancy state of neighboring receptor
molecules. If the occupancy of a receptor molecule by hormone
decreases the affinity of a neighboring receptor molecule for
hormone, a negatively cooperative interaction is said to exist
between receptor molecules, and the binding isotherm will be broad-
ened. If the occupancy of a receptor molecule by hormone increases
the affinity of a neighboring receptor molecule for hormone, a
positively cooperative interaction is said to exist between recep-
tor molecules, and the binding isotherm will be steepened
(Scatchard, 1949).

4. Cooperative interactions may exist between hormone mole—
cules as well as between receptor molecules. One type of negatively
cooperative interaction could result from the clustering of recep-
tors into patches of high surface density. If the hormone molecule
were large enough, simple steric repulsion between hormone molecules
might prevent complete saturation of all binding sites in a patch,
and the resulting binding isotherm would be greatly broadened.

5. 1If binding of hormone alters the rate of a reaction taking
place continuously during the binding assay, a steady state far
from equilibrium may be achieved in which the hormone binding iso-
therm may be either steepened or broadened (Minton, 1982b).

6. If binding of hormone to receptor alters the interaction
between receptor and another macromolecular component of the
target membrane (called effector), and if effector is present in
a stoichiometric ratio to receptor less than unity, then an appar-
ent two site class isotherm may result, reflecting the difference
in affinity for hormone between receptor which interacts with
effector, and receptor which is in excess of effector and cannot
interact with it (Jacobs and Cuatrecasas, 1976).

It should be evident at this point that one cannot discrimin-
ate between the various alternatives offered above on the basis of
binding studies carried out in tissue or membrane homogenates
alone. However, a combination of binding measurements carried out
on "intact" membranes and upon purified or partially purified mem-
brane components may permit the range of choice to be substantially
narrowed. An example of such a combined study may be found in
Maturo and Hollenberg (1978).



BINDING OF HORMONES TO MEMBRANES
INTERPRETING THE COMPETITIVE BINDING ASSAY: A CAUTIONARY NOTE

The competitive binding assay provides a convenient method
for comparing the binding properties of a native hormone and
chemically related substances, such as hormone analogs, which
bind to the same receptors. Under the proper conditions the
competitive assay may also provide quantitative binding isotherms
for hormones which cannot be themselves radiolabeled without
substantial loss of native binding or functional properties.

A conventional competition assay is carried out as follows
(Campfield, 1983). A tracer substance (denoted here by B) is
selected on the basis of two criteria: it may be radiolabeled
to high specific activity, and it is displaced from its specific
binding sites by a sufficiently high concentration of the
unlabeled competitor (denoted by A). A series of assay samples
are prepared containing fixed amounts of target tissue or mem-
brane and tracer and varying amounts of the test substance A.
The amount of bound B (Bp) is measured as a function of the con-
centration of unlabeled competitor ([A]). It is usually assumed
that yp, the fractional saturation of binding sites by A, is
given by

max

Yo = Aplhy

where Bg is the amount of B bound in the absence of A.

=1 - Bb/Bg (2)

We would like to emphasize here two points which seem to
have been generally neglected when applying eqn (2) to the
analysis of competition data.

The first point is that the binding of A to membrane may not
be adequately represented by the single species AR (where R
denotes receptor). In the most general case, A may conceivably
form a variety of complexes with R which may involve additional
membrane components S, T, ... as well. Each of these complexes
may be denoted by the general form AyRnSpTq ..., where m,n > 1
and p,q, ... > 0. It is possible to show rigorously (A. Minton,
unpublished calculations) that eqn (2) can only be valid if m = n
for each and every species of complex involving A and R. In par-
ticular, eqn (2) cannot be validly used if complexes of the form
AR2 and/or A2R constitute a significant fraction of bound A.

The second point generally overlooked in the application of
eqn (2) is that even when it is valid, the binding isotherm
derived for A is OH%X equal to that obtained via a direct binding
assay when Bg << Bg , that is, when the fractional saturation of
binding sites by B is negligible. If the fractional saturation
of binding sites by B is non-negligible, then Ap (and y,) are
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functions of both [A] and [B], and may have values which are
significantly less than those obtained for the same value of [A]
in the absence of B.
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