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Evolutionary Origins of G Protein-Linked Signaling

The chemical signals exchanged between neurons at
synapses not only transmit information, but can also
regulate morphogenesis and influence gene expres-
sion during development and remodeling of the ner-
vous system. Studies of microorganisms indicate that
secreted “transmitters” serve similar functions in sim-
ple multicellular organisms, such as the cellular slime
mold, Dictyostelium discoideum. In the last several
years, the accessible genetics and cell biology of Dic-
tyostelium have allowed a detailed description of the
strategies it uses for cell-cell communication, As de-
scribed in the following sections, these signaling path-
ways are analogous to those involved in responses to
neurotransmitters in mammals.

The actions of a wide variety of neurotransmitters
are mediated by seven transmembrane helix recep-
tors. When bound by ligand, these receptors activate
heterotrimeric G proteins, catalyzing the exchange of
GTP for GDP on the a subunit and the dissociation
of the a from the By subunits. Both the a and the By
subunits can stimulate or inhibit effectors, including
adenylyl cyclases, phosphodiesterases, phospholip-
ases, and ion channels (Gilman, 1987: Dohlman et al.,
1991; Logothetis et al., 1987; Birnbaumer, 1992). The
receptors for serotonin, dopamine, acetylcholine,
odorants, and light are but a few examples. The G
protein-linked signal transduction strategy plays an
essential role in the developmental program of Dic-
tyostelium (Devreotes, 1989; Van Haastert and De-
vreotes, 1993). The remarkable conservation of these
systems indicates that this microorganism can be
used to analyze the structures and interactions of re-
ceptors, G proteins, and effectors and to discover new
components in these pathways. Furthermore, the
mechanisms by which these signal transduction path-
ways influence morphogenesis and gene expression
can be studied by genetic analysis.

In Dictyostelium, development is initiated by nutri-
ent depletion. Within a few hours after the onset of
starvation, a cell-cell communication system appears
that enables about 10° individual cells to aggregate
from distances of a few centimeters to form a millime-
ter-sized organism (Figure 1). This process is mediated
by extracellular cAMP, which is secreted by centrally
located cells at 6 min intervals. Surrounding cells re-
spond by advancing chemotactically toward the cen-
ter and by “relaying” the signal more distally as a prop-
agated cAMP wave. The periodic stimulus also acts

as a developmental timer, accelerating the pace of
gene expression. Within about 10 hr, the aggregating
cells coalesce into a tight mound and an elongating
apical tip arises. As the multicellular structure under-
goes further morphogenesis, forming a migrating slug
and ultimately a fruiting body, cells in the anterior
or posterior regions of these structures, under the
continued influence of cAMP, differentiate into stalk
or spore cells.

Many of the molecular components of these signal-
ing pathways are known. There is a family of four
surface cAMP receptors (cART-cAR4), which display
the typical seven transmembrane domain topology
(Klein et al., 1988; Saxe et al., 1993; Johnson et al.,
1993). There are eight G protein a subunits (G,1-G.8),
which are each about 45% identical to the others and
to mammalian a subunits in general (Hadwiger et al.,
1991; Wu and Devreotes, 1991). There is a single
subunit (Gy), which is 70% identical to those in other
eukaryotes and, presumably, forms heterotrimers
with each of the a subunits (Lilly et al., 1993). The
corresponding y subunit(s) has not been found. The
effectors include an adenylyl cyclase (designated
ACA) that is topologically analogous to mammalian
adenylyl cyclases (Pitt et al., 1992) and a ligand-
stimulated phospholipase C (PLC) (Drayer and Van
Haastert, 1992). The presence of other characteristic
components of the cAMP second messenger path-
way - the regulatory and catalytic subunits of a cAMP-
dependent protein kinase (PKA) and secreted and
membrane-bound forms of phosphodiesterase (PDE)—
indicates that cAMP functions as both an extracellular
and intracellular messenger (Firtel and Chapman,
1990; Mutzel et al., 1987; Faure et al., 1990). The mENA
and protein levels of these components are tightly
regulated, and most are transiently expressed at spe-
cific stages in the developmental program (Figure 1).

Genetic Analysis of Signal Transduction Pathways

The genetic approaches possible in Dictyostelium
allow for rigorous testing of models of signal transduc-
tion pathways. For instance, do receptor-mediated in-
creases in certain second messenger levels necessar-
ily indicate a role in physiological processes? Studies
of null cell lines described below have led to surpris-
ing findings. In addition, the expression of a wide
variety of receptor and G protein isoforms in mamma-
lian cells, such as neurons, has led to hypotheses of
“networking” and “cross-talk,” in which parallel path-
ways contain common components and products of
one pathway can affect the activities of others. In Dic-
tyostelium, the physiological significance of these
kinds of interactions can be explored by geneticanaly-
sis. So far, these studies suggest that the cAMP recep-
tor subtypes are partially overlapping in function—






