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Many extracellular messengers interact with discriminate
receptors on the cell surface. Some of bound ligands
activate receptors whereas others fail to do so. Only
activated receptors are capable of generating and trans-
ferring signal through the membrane. Recent advances in
our understanding of agonist-induced and constitutive
receptor activation suggest several molecular mechanisms
for receptor activation, signal generation and transmem-
brane signal transfer.
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Introduction

The first experimental evidence that water soluble
ligands do not have to enter the cytoplasm to elicit a
cellular response was demonstrated when it was shown
that lectin binding at the cell surface causes an
organizational alteration along the inner surface of the
plasma membrane (Ji & Nicolson, 1974). It is now
apparent that ligand binding to complementary recep-
tors on the cell surface triggers a cascade of
intermediary transmembrane, cytoplasmic, and nuclear
events leading toward a specific biological response.
Investigations to date have focused mainly on struc-
tural analyses of hormone-receptor binding, stimula-
tion of receptor kinases, G proteins, intracellular signal
pathways, and receptor desensitization; numerous
recent review articles have addressed these topics
(Cambarnous et al., 1992; Probst et al., 1992; Spiegel et
al., 1992; Minegishi et al., 1993; Segaloff & Ascoli,
1993; Spaulding, 1993; Lefkowits et al., 1993; Neer,
1994; Strader et al., 1994).

Receptor activation, signal generation and
transmembrane signal transfer

The objective of this review is to consider the
mechanistics of membrane receptor activation, signal
generation and transmembrane signal transfer. Lately,
receptor activation has popularly quoted in an abstract
term and the structure of an activated receptor is
unclear. The notion of ‘activated’ receptors necessitates
an elaboration on the classical model of hormonal
action; hormone + receptor -» hormone-receptor com-
plex >effector activation->cellular response. In most
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cases receptors must undergo multiple transient steps
between hormone-receptor complexing and effector
activation (Figure 1). This is manifested by the fact
that some hormone-receptor complexes such as
antagonist-receptor complexes (Strader et al., 1994},
defective hormone-normal receptor complexes (Yoo et
al., 1993) and normal hormone-defective receptor com-
plexes (Ji & Ji, 1993) are incapable of activating
effectors. On the other hand, mutant receptors exist
that are constitutively activated in the absence of
agonist to stimulate effectors (Lefkowitz et al,
1993).

Surface membrane receptors are composed of hydro-
philic extracellular, hydrophobic transmembrane and
hydrophilic intracellular domains. A simple mechanism
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Figure 1 Hormone induced signaling steps. Receptors must undergo
multiple transient steps between hormone-receptor complexing and
effector activation
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for a receptor to activate its effector in the cytoplasm is
a conformational change of the receptor at the inter-
face between the receptor and the effector. Because
such a receptor alteration has to originate from the
hormone-receptor contact point, the receptor is
expected to undergo a conformational change at the
hormone-receptor contact point upon hormone bind-
ing. Such a change leading to another (allosteric)
change at another part of the receptor is considered as
a signal (Figure 2). The conversion of an inactive
receptor to an activated receptor which is capable of
generating a signal is considered as receptor activation.
The transfer of a signal from the hormone-receptor
contact point to the hormone-effector interface in the
cytoplasm is transmembrane signal transfer (transduc-
tion).

In spite of their vital role in hormone action, recep-
tor activation, signal generation and transmembrane
signal transfer still are ill defined and poorly under-
stood steps. This is in part due to their relatively short
half lives and a lack of informative assay system, caus-
ing a difficulty in studying them and allowing only
before and after snap shots. Recently developed novel
systems of mutant receptors and hormones and crystal
structures of hormone receptor complexes, however,
have provided an opportunity to examine these impor-
tant steps of hormonal action.

Two major classes of receptors: Multi-transmembrane
receptors and single transmembrane receptors

There are two major classes of hormone receptors
which appear to utilize distinct mechanisms of trans-
membrane signal (Figure 3). Receptors with multi-
transmembrane domains were G protein coupled
recepters appear to accomplish transmembrane signal
transfer through the transmembrane domains. Little is
known, however, whether these G protein coupled
receptors dimerize except for that the lutropin/
choriogonadotropin receptors behave as a dimer on
size exclusion chromatography (Dufau et al., 1975).
On the other hand, hormone receptors with a single
transmembrane domain and a cytoplasmic tail are
often dimerized upon hormone binding for transmem-
brane signal transfer. Conceptually, in such a case, the
transmembrane domain is not necessary for transmem-
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Figure 2 Receptor activation, signal generation and transmembrane
signal transfer. A Hormone receptor is expected to undergo a con-
formational change at the hormone-receptor contact point upon
hormone binding. Such a change leading to another (allosteric)
change at another part of the receptor is considered as a signal. The
conversion of an inactive receptor to an activated receptor which is
capable of generating a signal is considered as receptor activation.
The transfer of a signal from the hormone-receptor contact point to
the hormone-effector interface in the cytoplasm is transmembrane
signal transfer

brane signal transfer because dimerization at the extra-
cellular domain may alter the structure of the cyto-
plasmic domain without involving the transmembrane
domain. Growth hormone, prolactin, growth factors,
cytokins, and arterial natriuretic peptide are among
some examples of ligands that bind single transmem-
brane receptors.

Multi-transmembrane receptors

Seven transmembrane receptors

The major group in multi transmembrane receptors is
the G protein coupled receptor superfamily (Lefkowitz,
1993). These receptors have an N-terminal extracellular
extension, seven transmembrane domains, three cyto-
plasmic loops and three extracellular loops that link
the seven transmembrane domains, and a C-terminal
cytoplasmic tail. The identified members of this super-
family are comprised of several hundred distinct recep-
tors for a wide variety of ligands such as proteins,
peptides, neurotransmitters, biogenic amines, odorants
and even, photons (Probst et al., 1992; Lefkowitz et al.,
1993). The size of the corresponding ligands ranges
from 35kD to less than a few hundred dalton. Inter-
estingly, a weak correlation exists such that the larger
the ligand, the longer the N-terminal extension of the
receptor. For example, the N-terminal extensions of
the glycoprotein hormone receptors are the largest with
~350 amino acids, in comparison to the 11-30 amino
acids long N-terminal extensions of adrenergic recep-
tors (Probst et al., 1992).

Four transmembrane receptors

Another group with multi-transmembrane domains is
receptors with ligand gated ion channel. An ion chan-
nel is part of these receptors and binding of ligand
neurotransmitters to the receptors opens the ion chan-
nel and allow specific ions to pass the channel. It
includes the nicotinic acetylcholine receptor with a Na*
and K* channel, the glycine and the y-aminobutyrate
with a Cl- channel. These receptors are oligomeric and
each subunit has four transmembrane domains (Hucho
et al., 1994).

Mechanisms of receptor activation and signal
generation of multi-transmembrane receptors

Existing evidence suggests at least four distinct
mechanisms for activation of these various sizes of
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Figure 3 Two classes of hormone receptors. There are two major
classes of hormone receptors. The first group includes receptors with
multi-transmembrane domains like G protein coupled receptors and
receptors with a ligand gated ion channel. The second group is
hormone receptors with a single transmembrane domain
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Activation of Multi-Transmembrane Receptors
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Figure 4 Activation of seven-transmembrane receptors. (A) Domain interaction: Certain seven transmembrane (G protein coupled)
receptors with a long extracellular N-terminal extension bind their ligand at a high affinity site in the extracellular N-terminal
extension and the resuiting hormone-N-terminal complex interacts with juxtaposed domains in the C-terminal region of the
receptor. This secondary interaction has low affinity and is responsible for activating receptor and generating signal. (B) Proteolytic
activation of receptors: When thrombin binds to its receptor’s N-terminal extension, the extracellular N-terminal 41 amino acids of
the receptor is cleaved at a specific sequence. This cleavage generates a new N-terminal that functions as a tethered ligand and
activates the receptor. (C) Modulation of the exoplasmic domain and transmembrane tunnel of receptors. Some peptide hormones
bind the extracellular (exoplasmic) domains of their receptors and may, at least in part, penetrate the transmembrane tunnel. (D)
Receptor activation within the transmembrane tunnel. Biogenic amines bind to their receptor in the polar transmembrane tunnel to

activate receptors

receptors. The glycoprotein hormone receptors with
the large extracellular N-terminal extension (N-
terminal half) undergo stepwise ternary interactions
(domain interaction) of the receptors’ N-terminal half,
the hormone and the C-terminal half as shown in
Figure 4A. The thrombin receptor is activated by pro-
teolytic cleavage which is catalyzed by thrombin
(Figure 4B). Peptide ligands such as gonadotropin
releasing hormone, tachykinins and formyl! peptides
interact the extracellular domain and penetrate the
transmembrane tunnel to modulate the receptor
(Figure 4C). The smallest ligands including bioactive
amines and photons penetrate and modulate the trans-
membrane tunnel (pocket) as seen in Figure 4D.

Domain interactions

Certain seven transmembrane receptors with a long
extracellular N-terminal extension interact with jux-
taposed domains to activate receptor and generate sig-
nal. N-terminal halves lacking the membrane
associated C-terminal halves of the Iluteinizing
hormone/choriogonadotropin (LH/CG) receptor and
the thyroid stimulating hormone receptor can bind
their respective ligand with an affinity comparable to
intact receptors (Tsai-Morrison et al., 1990; Xie et al,
1990; Ji & Ji, 1991a; Seetharamaiah er al., 1994). How-

ever, high affinity hormone interaction at the N-
terminal extension in itself is not sufficient for receptor
activation and signal generation (Ji & Ji, 1991b; Remy
et al., 1993). On the other hand, C-terminal halves
lacking an N-terminal half bind the ligand with low
affinities (Ji & Ji, 1991b; Renny et al, 1993), that
activates the receptors and generates signal. When the
two independent halves of the LH/CG receptor were
co-expressed in a cell, the hormone was able to bind
and to activate them with a high affinity, leading to
successful signal generation and effector stimulation
(Remy et al., 1993).

These results of two distinct binding sites with diff-
erent affinities suggest that receptor activation, signal
generation and transmembrane signal transfer occur
independent of the initial hormone-receptor interaction
and require secondary contact (Figure 4A). These mul-
tistep hormone-receptor interactions are consistent
with kinetic studies (Moyle, 1980; Roche & Ryan,
1985). The secondary contact suggests that the initial
hormone-receptor complex may not be thermodynami-
cally stable, perhaps because of changes in the environ-
ment and the structure of the hormone and receptor in
the newly formed complex. Such an energetically
unfavorable structure can drive a complex to refold.
Recently it had been shown that an environmental
change in the influenza virus receptor results in a
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major refolding and the translocation of a group
nearly 10 nm (Bullough er al., 1994).

The secondary contact includes the hormone and the
membrane associated C-terminal half of the receptor
(J1 et al, 1993) or the hormone and both of the
receptor’s N-terminal and C-terminal halves. Recip-
rocal mutagenesis is one of the approaches used to
demonstrate interacting domains and pairing amino
acids between interacting domains. The principle is as
follows. When two different amino acids of a putative
pair are reciprocally substituted with each other, the
resulting mutant molecule or molecules may function if
the pair of amino acids indeed interacts together. One
set of pairing residues between the « subunit of human
choriogonadotropin (hCG) and the boundary region of
the second transmembrane domain and the first extra-
cellular loop of its receptor has been identified (hCG
aLys’-receptor Asp®’) by reciprocal mutagenesis (Ji es
al., 1993). Such an ionic attractive force can generate
several k calories of energy particularly in an apolar
environment (Cantor & Schimmel, 1980) to impact the
global structure of the receptor and to play a key step
in receptor activation and signal generation.

Proteolytic activation of receptors

The thrombin receptor has been proven to be activated
upon its proteolytic cleavage by the ligand (Vu er al.,
1991; Chen et al., 1994), while the glucagon receptor is
proposed to be cleaved and activated by glucagon
(Unson & Merrifield, 1994). Proteolytic cleavage of a
receptor will yield two new products, the released frag-
ment and the truncated receptor with a new N-
terminus. Both products can potentially regulate recep-
tor functions. Interestingly, these receptors are
members of the G-protein coupled receptor family.
Therefore, structural alterations at the cell surface are
likely to affect interactions of receptors with G-protein
on the cytoplasmic surface of the membrane.

Thrombin is an established proteolytic enzyme which
recognizes the consensus Leu-Asp-Pro-Arg-Ser sequence
and cleaves the amide between Arg and Ser (Vu et al.,
1991). When thrombin binds to its receptor, the extra-
cellular N-terminal 41 amino acids of the receptor is
cleaved at the specific sequence. This cleavage
generates a new N-terminal that functions as a tethered
ligand and activates the receptor (Vu et al., 1991; Chen
et al., 1994). Apparenily, the released peptide acts as a
suppressor of receptor activation before its cleavage
from intact receptor. A question arises as to how the
cleaved and activated receptor is deactivated, since a
receptor should not be permanently left activated.

Unlike thrombin, glucagon does not have innate
proteolytic activity, but does contain three essential
residues (His', Asp’ and Ser'®) analogous to the
catalytic triad of serine proteases. These amino acids
may behave as a coenzyme-like factor and catalyze the
specific hydrolysis of a peptide bond within the recep-
tor, resulting in receptor activation (Unson &
Merrifield, 1994). Consistent with this hypothesis is the
observation that proteoclytic inhibitor blocks glucagon
action.

The luteinizing hormone/choriogonadotropin recep-
tor is apparently activated by proteolysis (Reichert &
Ryan, 1977a). Proteolytic enzymes mimic and
inhibitors attenuate luteinizing hormone action

(Reichert & Ryan, 1977b). The source of such pro-
teolytic enzyme is unknown.

Modulation of the exoplasmic domain and
transmembrane tunnel

Some peptide hormones bind the extracellular (exo-
plasmic) domains of their receptors. In analogy with
the ligand binding in the transmembrane tunnel of
rhodopsin and adrenergic receptors, these peptide hor-
mones are suggested to, at least in part, penetrate the
transmembrane tunnel but the evidence is indirect.
Hormone binding and receptor activation involve a
number of amino acids residues of receptors but their
precise role is unknown at this time. Therefore, it is yet
to be determined whether peptide hormones undergo
two or more steps to bind and activate their receptors
and what the mechanism of receptor activation is.

Gonadotropin releasing hormone (GnRH) binds to
the first and third exoloops of the GnRH receptor and
Glu® in the third exoloop is suggested to interact with
Arg® of GnRH (Flanagan er al., 1994). In addition,
Asn® of the second transmembrane domain and Asp™®
of the seventh transmembrane domain are also
involved in hormone binding and receptor activation
(Cook et al., 1993). Thyrotropin releasing hormone is
suggested to bind the receptor by hydrogen bonding
between the pyroglutamly carbonyl group of the hor-
mone and the hyrdoxyl group of Tyr'® of the recep-
tor’s third transmembrane domain (Perlman et al,
1994).

Substance P binding to the receptor requires Asn®
and Phe® in the extracellular N-terminal extension,
several amino acid residues in the transmembrane
domains, two, four, five and six (Huang et al., 1994;
Werger, 1994). Glu™ of the second transmembrane
domain and Tyr®™ of the seventh transmembrane
domain are important for receptor activation (Huang
et al., 1994). It is not clear, however, whether hormone
binding and receptor activation occur simultaneously
or subsequentially in a distinct steps. In the bradykinin
receptor, Asp™® and Asp' of the third exoloop and
several amino acid residues of the sixth transmembrane
domain are involved in hormone binding (Novotny et
al., 1994; Nardone & Hogan, 1994).

Bacterial formyl peptides are recognized by amino
acids®™-of the formyl receptor of neutrophils (Perez et
al., 1994). Other residues of exoplasmic loops 1-3,
including Arg® and Lys® of the exoloop one, are
necessary for ligand binding (Perez et al., 1994; Radel
et al., 1994), while the N-terminal four amino acid
residues of bound formyl peptides are sequestered (Fay
et al., 1993). Whether these sequestered residues of the
ligand are in the transmembrane tunnel has not been
proven.

Receptor activation within the transmembrane tunnel

Each of the seven transmembrane domains of G pro-
tein coupled receptors is thought to behave as a trans-
membrane column. One side of these columns is com-
prised of primarily hydrophilic amino acids and the
other side consists of hydrophobic residues according
to the helical wheel analysis. The most stable organiza-
tion of the seven transmembrane columns is to form a
tunnel in which the hydrophobic side of the columns



faces the lipid bilayer. This arrangement sequesters the
hydrophilic face of the columns, thus forming a stable
polar tunnel. Biogenic amines bind to their receptor in
the polar transmembrane tunnel. The positively
charged amine group of agonists and antagonists
ionically pairs with a negatively charge acidic residue
present in the lining of the receptor tunnel (Strader et
al., 1994). However, this ion pairing in the ligand
receptor interaction does not appear to be sufficient for
receptor activation as is the case of that the high
affinity glycoprotein hormine binding to the N-terminal
half of the receptor (Ji & Ji, 1991b; Remy et al., 1993).
Rather, a highly conserved Asp in the second trans-
membrane domain is involved in receptor activation
and signal generation (Strader et al., 1994).

Regulation of ion channel

The nicotinic acetylcholine receptor consists of five
subunits, each with four transmembrane domains.
Some of the 20 transmembrane columns line the ion
channel (Hucho et al, 1994). Studies on agonist and
antagonist binding and ion transport indicate that
agonist binding is physically and biochemically distinct
for channel opening (Reddy et al., 1993). Agonist bin-
ding near or on the exoplasmic domain (O’Leary &
White, 1992) is nearly 5 nm away (Johnson et al., 1987)
from a channel gate near the cytoplasmic surface
(Reddy et al., 1993). It is obvious that signal has to
travel such a distance. It is interesting to see how the
receptor is activated and the signal is transferred
through the transmembrane domains and channel.

Transmembrane signal transfer

As described above, receptor activation and signal
generation of multi-transmembrane receptors begin at
the extracellular surface or within the transmembrane
tunnel of receptors. A simple mechanism to relay sig-
nal to the cytoplasmic surface is to modulate trans-
membrane columns and to cause an allosteric struc-
tural change in the cytoplasmic domains of receptors.
There are several ways to accomplish this: rotation
(Figure 5A), piston (Figure 5B), pulse (Figure 5C),
pivot (Figure 5D) and/or shuffling of transmembrane
column(s) to alter their spatial relationship (Figure
5E). This can be accomplished without an alteration in
their secondary structure because a transmembrane
column in a hydrophobic environment like a lipid
bilayer is extremely stable and therefore rigid. Trans-
membrane columns are primarily comprised of hyd-
rophobic amino acids and assumed to be five or more
turns of helices largely by analogy with the bacterior-
hodopsin. However, these putative helices have not
been experimentally demonstrated. In fact, some of
transmembrane columns have been suggested to be at
least in part a beta structure (Hucho er al., 1994). In
either case, a group of hydrophobic columns in the
lipid bilayer is likely to form a stable and rigid struc-
ture.

When hormones interact with the extracellular por-
tion of receptors, it can cause rotation, piston, pivot,
pulse and/or alteration in the spatial relation of the
transmembrane column(s). For example, when Asp®™
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Figure 5 A simple mechanism to relay signal to the cytoplasmic
surface is to modulate transmembrane columns and to cause an
allosteric structural change in the cytoplasmic domains of receptors.
There are several ways to accomplish this: (A) rotation, (B) piston,
(C) pulse, (D) pivot and (E) shuffling of transmembrane column(s) to
alter their spatial relationship. Any of these mechanisms,

independently or in combination may be involved in transmembrane
signal transfer

E. Shuffle
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of the LH/CG receptor interacts with Lys” of hCGu
this may rotate, pull up, push down, pivot, or attract
the second transmembrane column. As a result the
topology of the seven transmembrane columns may
change. When ligands interact directly with the trans-
membrane columns of receptors as is the case for
rhodopsin and adrenergic receptors (Lefkowitz &
Caron, 1988; Khorana, 1992), they may link two or
more transmembrane columns, resulting their rotation,
piston, pivot, pulse and/or shuffle, leading to an
allosteric change in the cytoplasmic domain of the
receptors. Putative allosteric effects are expected to be
greater when multiple transmembrane columns and
other receptor regions are involved in contacting hor-
mone.
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Constitutively active receptors

Considering the crucial role of transmembrane columns
in linking the cytoplasmic domains and transmembrane
signal transfer, it is not surprising to find that a
number of hormone receptors is constitutively
activated when an amino acid residue in a transmem-
brane column is mutated: Asp®™ > Gly of the luteiniz-
ing hormone/choriogonadotropin receptor (Shenker et
al., 1993), Pro®™ > Leu of the thyroid stimulating hor-
mone receptor (Stein et al., 1994) and Val** > Glu the
epidermal growth factor receptor (Cao et al., 1992).
The substitution of Arg for a Gly in the transmem-
brane domain of the fibroblast growth factor receptor
3 results in dwarfism in humans (Shiang et al., 1994).
However, whether the mutant receptor is constitutively
active or dominant negative is unknown. Substitution
of amino acids in transmembrane columns may rotate
and pulse the columns or alter their spatial relation-
ship, thus sufficiently impacting on the role of the
cytoplasmic domain of receptors.

In addition, some substitution of an amino acid at
the receptor-effector interface also results in con-
stitutive  activation of  receptors:  Leu™ - Ser,
Lys® > Arg, His"—>Lys and Leu™->Ala of the B
adrenergic receptor (Lefkowitz et al., 1993).

Oligomerization of single transmembrane receptors

Transmembrane signal transfer by ligand-dependent
dimerization involves those receptors containing a sin-
gle transmembrane domain (Figure 6). Extracellular
domains of receptors lacking the transmembrane and
cytoplasmic domains are capable of dimerization, but
do not induce intracellular responses because they are
not attached to the membrane and lack a cytoplasmic
tail (de Vos er al., 1992; Herren et al., 1993; Zhou et
al., 1993). Apparently, dimerization of extracellular
domains of intact receptors imparts sufficient structural
changes in the cytoplasmic domains to confer hor-
monal action. However, the exact nature of the
changes in dimeric receptor’s cytoplasmic domains is

unknown as is whether the two cytoplasmic domains of
the receptor dimers interact together or they simply
undergo independent allosteric changes. Some recep-
tors dimerize with the same receptor species, whereas
others interact with different types of receptors (Figure
6).

Homo-dimerization of receptors

Growth hormone has two unique binding sites capable
of recognizing two identical receptor molecules (de Vos
et al., 1992). When the high affinity site (site I) binds
receptor, it activates site 1I to bind a second receptor;
site II can only bind receptor when site 1 is occupied.
The two receptors interact with each other near the
C-terminus of the extracellular domains providing
stability to the hormone-(receptor), ternary complex.
Mutant hormones altered within site II are not
biologically active. Divalent, but not monovalent,
receptor antibodies mimic natural hormone (Cunning-
ham et al., 1991; Fuh ef al., 1992). Nonetheless, recep-
tor dimerization is not entirely obligatory for trans-
membrane signal transfer. For example, placental lac-
togen activates the growth hormone receptor in its
monomeric form for transmembrane signal transfer
(Staten et al., 1993).

Receptors for platelet-derived growth factor and
epidermal growth factor also are dimerized by their
specific ligands. This dimeric interaction correlates with
stimulation of receptor tyrosine kinase activity
(Bishayee er al., 1989; Heldin er al., 1989; Ullich &
Schlessinger, 1991), autophosphorylation of receptor
tyrosines (Williams, 1989), and interchain transphos-
phorylation (Kelly et al., 1991). The platelet-derived
growth factor receptor, however, dimerizes and
autophosphorylates at high concentrations in the
absence of agonist (Herren et al., 1993). Thus, unoc-
cupied receptors appear to have a low affinity for each
other; binding of the growth factor simply enhances
that affinity. Clearly, that differs from the receptor
dimerization by a divalent growth hormone. Dimeric
epidermal growth factor receptors bind ligand 30-40-
fold more tightly than monomeric receptor (Zhou et
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Figure 6 Oligomerization of receptors with a single transmembrane domain. Certain hormone receptors with a single transmemb-
rane domain interact with their own species (homo-dimerization) upon hormone binding or complex with other species (hetero-
oligomerization). In the case of growth hormone, it binds one growth hormone receptor, which activates a second receptor binding
site in the hormone and facilitates binding of the second receptor
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al., 1993) due to a slower dissociation rate of the factor
from receptor dimer. Efficient biological responses are
probably propagated by stable ternary complex.
Whether one molecule of these growth factors have
two different receptor binding sites is unknown.

Hetero-oligomerization

Crosslinking and reconsitution studies suggest forma-
tion of hetero-dimeric and multimeric receptors. The
family of cytokines have more than one receptor
subunit. A generic model was proposed that a
molecular of cytokines binds initially an « subunit and
then two B subunits (Stahl & Yancopoulos, 1993). The
sequence of receptor binding is similar to the sequen-
tial interactions of growth hormone with its receptor
(de Vos et al., 1992).

Conclusions and future directions

A number of working mechanisms of the currently ill
defined receptor activation have been surfaced in recent
years (Table 1). The proposed definition of the initial
steps of receptor activation, signal generation and
transmembrane signal transfer (Figure 2) are likely to
be better defined and modified. These complex pro-
cesses are likely to involve numerous chemical groups
of both ligands and receptors. When important amino
acid residues are thoroughly examined as currently
being identified, it will be necessary to determine
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