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Heterotrimeric G proteins form a family of highly conserved signaling molecules that connect 
seven-helical transmembrane receptors to intracellular effectors G proteins function in a 
number of important biological processes. Thus, G proteins are required for the response to 
many hormones and neurotransmitters, and are also required for olfaction, taste and vision. G 
proteins consist of a guanine nucleotide binding Ga-subunit and a Gßy-subunit, both of which 
can interact with specific targets in the cell. These can be enzymes, ion channels or other 
intracellular proteins. G protein activation results in the generation or breakdown of second 
messengers, leading to amplification of the signal and an appropriate physiological response. 
How are G protein-coupled signal transduction pathways regulated in vivo and how is 
information from different G protein-coupled pathways integrated? To answer such questions, 
we set out to study G protein-coupled signal transduction in the nematode C. elegans. This 
relatively simple model organism contains homologs of mammalian G proteins. Importantly, 
experiments in C. elegans allow genetic dissection of these signal transduction pathways. Thus, 
G protein mutants can be used in genetic screens to identify other components of G protein-
coupled signal transduction pathways. In this way, downstream targets, regulators and 
common components of these pathways can be identified. 

This thesis describes the molecular genetic analysis of two G protein a-subunits, GOA-1 
and GSA-1. We show that a C. elegans homolog of Gct„, GOA-1, is expressed in the nervous 
system and in specialized muscle cells (Chapter 3). Surprisingly, loss of this highly conserved G 
protein gene does not result in lethality. Instead, goa-1 mutant animals demonstrate defects in 
important nervous system controlled behaviors. Thus, animals that lack GOA-1 show 
hyperactive locomotion and egg-laying and males are unable to mate. Animals that overexpress 
wild type or constitutively active GOA-1 show opposite behavioral phenotypes; animals are 
paralyzed and are unable to lay eggs. These phenotypes suggest that GOA-1 negatively 
regulates the muscle activities that underlie these behaviors. The goa-1 gain-of-function 
phenotypes are the basis for further genetic analysis of GOA-1-coupled signal transduction. 

The Gas homolog GSA-1 is ubiquitously expressed in the C. elegans nervous system and 
is also expressed in most muscle cells (Chapter 4). In contrast to goa-1, gsa-1 is an essential 
gene; loss of gsa-1 results in early larval lethality. We postulate that GSA-1 and its 
downstream target, the adenylyl cyclase ACY-2, have a critical function in the canal-associated 
neurons, a neuron pair that is required for viability. Expression of a constitutively active GS A-
1 mutant protein induces swelling and vacuolization of specific neurons. This neuronal 
degeneration is distinct from programmed cell death and may result from ion channel over
stimulation by GSA-1. To learn more about the mechanism of activated GSA-1-induced 
neuronal degeneration, we screened for second site mutations that suppress the GSA-1 -
înduced neurotoxicity. Two suppressor loci (sgs; suppressor of activated Gs) were obtained. 

In the last chapter of this thesis (Chapter 5), one of these suppressors (sgs-1) is charac
terized in more detail, sgs-1 was cloned using a positional cloning approach and was shown to 
encode an adenylyl cyclase. Adenylyl cyclases are enzymes that produce the second messenger 
cAMP. SGS-1 is expressed in the nervous system, including the neurons that are susceptible to 
the GSA-1-induced neuronal degeneration. Activation of GSA-1 probably leads to over
stimulation of SGS-1, resulting in elevated cAMP levels. Toxic levels of this intracellular 
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second messenger may in turn lead to opening of cyclic nucleotide-gated ion channels or to 
activation of protein kinase A. Cloning of additional suppressor loci will uncover more 
components of this pathway and may reveal how activated GSA-1 and SGS-1 induce neuro
toxicity. 

The cloning of novel mutations such as the suppressors discussed above requires a 
positional cloning approach. Thus, the mutated gene is first placed on the genetic map of the 
C. elegans genome using available genetic markers. Once a genetic map position has been 
established, the mutated gene can subsequently be identified in the corresponding region of the 
genomic sequence using transformation rescue experiments. This second step is of course 
dependent on the accuracy of the genetic map position. We developed an efficient genetic 
mapping strategy which is based on the C. elegans transposon Tel. We developed a high 
density map of polymorphic Tel insertion sites, each of which can be visualized by PCR. These 
Tel insertion sites can be used as genetic markers to place a novel mutation with high 
resolution on the genetic map of the C. elegans genome. Details of this mapping strategy are 
discussed in Chapter 2. 
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