Preface

The G proteins are a family of structurally homologous,
plasma membrane-associated guanine-nucleotide-binding
proteins. These proteins play an integral role in the trans-
duction of extracellular signals through second messenger
systems. As such, G proteins affect a wide variety of intra
cellular biochemical reactions by regulating the concentra-
tion of second messengers in cells.

G proteins are heterotrimeric, consisting of a, B, and ¥
polypeptide chains, with G protein specificity largely deter-
mined by the a-subunit. Molecular cloning of G protein sub-
units has revealed 23 distinct a-subunits, encoded by 17
different genes. Based on functional measures, G proteins
are generally classified into three major categories: the G,
family, which is stimulatory for adenylyl cyclase; the G; fam-
ily, which is inhibitory for adenylyl cyclase; and the G4 fam-
ily, which stimulates phospholipases (Birnbaumer and
Birnbaumer, 1995). Alternatively, on the basis of sequence
homology, G proteins can be subdivided into four catego-
ries: G,, G;, Gy, and Gy

Although the a-subunits are specific for a given G pro-
tein, the - and y-subunits share considerable homology with
each other. As previously mentioned, it has generally been
assumed that the diversity of the a-subunits provides the
essential specificity for G protein receptor interactions. How-
ever, there is also evidence suggesting that the structural
diversity of the B- and y-subunits may also contribute to the
specificity of these interactions. On the basis of molecular
cloning studies, 5 B-subunits and 10 y-subunits have been
described. These two subunits can be regarded as one func-
tional subunit, considering their tight association. The five
B-subunits are highly homologous, and display a character-
istic feature of repetitive tryptophan-aspartate (WD) motif,
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Fig. 1. A hypothetical model of G protein a-subunit (modified from
Gordeladze et al., 1994). The figure displays various functions and the
spatial interrelationships within the a-subunit. The C-terminus is
involved in receptor binding, whereas the N-terminal and probably some
other stretch of the subunit are involved in its anchoring to the p y-sub-
unit complex. Various other regions, G-1, G-2, G-3, and G-4, are impor-
tant for the binding of GTP. The GTPase activity and the GDP/GTT
exchange reside in G-2, G-3 regions. NTT stands for nuclectide triphos-
phate. Aminc acids denoted with a number represent their correspond-
ing position in the sequence. Mutations in these positions have led to the
identification of their functional role.

whereas the y-subunits display significantly more diverse
primary structures (Simon et al., 1991; Helper and Gilman,
1992; Ray et al., 1995; Guderman et al., 1996).

G proteins cycle between a GDP-bound inactive form
(which maintains the high-affinity agonist-binding state of
the receptor) and a GTP-bound astive form (low-affinity ago-
nist binding state of the receptor). On agonist binding, the
cell surface receptor catalyzes the GDP/GTP exchange at the
a-subunit, and this active form goes on to stimulate effector
pathways in transmembrane signaling. The salient features
of a-subunit signaling are displayed in Fig. 1.
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Changes in G Protein Subunits in Diseases

In view of the critical and important role carried out by
G proteins in signal transduction, it is very likely that quali-
tative or quantitative changes in G proteins could have sig-
nificant effects on intracellular effectors. It has been recently
recognized by many investigators that the simple estimation
of receptor numbers in disease states may not provide a com-
plete perspective of receptor activity (Brodde and Michel,
1989). Indeed, the modification of signal transduction path-
ways could provide important clues to the pathophysiology
of many disease conditions. For example, it has been dem-
onstrated that in experimentally induced diabetes, the gene
expression of the Gi,-subunit is significantly reduced (Gawler
et al., 1987). Similarly, in patients with type IA pseudo-
hypoparathyroidism, reduced levels of G protein and mRNA
levels have been reported (Carter et al., 1987). In congestive
heart failure, the levels of G, in lymphocyte membranes are
significantly reduced, and this reduction can be fully restored
by therapeutic agents, such as angiotensin-converting
enzyme inhibitor (Horn et al., 1988). A summary of alter-
ations in G protein levels in various diseases is presented in
Table 1. Although in the past decade significant advances
have been made toward unraveling the role of neurotrans-
mitter receptors in various psychiatric and neurological dis-
orders, the role of second messenger systems in these disease
states is still poorly understood. The purpose of G Protein
Methods and Protocols is to provide novel information and
techniques pertaining to the study of G proteins and their
role in CNS functions.
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