Thesis overview
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G protein-coupled receptors (GPCRs) link a diverse array of extracellular signals—
including peptides, hormones, odorants, and light—to an equally wide range of
intracellular processes, allowing a cell to respond to external stimuli or communicate
with other cells (1-3). There are approximately 750 human GPCRs, many of which are
orphan receptors that respond to unknown ligands (4). The diversity of cell processes
controlled by GPCRs and the accessibility of their extracellular domains (ligands do not
have to cross the plasma membrane) have made them primary drug targets—
approximately 50% of currently marketed drugs act on GPCRs (5). Intracellular G
proteins mediate the signaling from activated GPCRs (2, 3). Although drugs directly
targeting G proteins are not yet in clinical use, G proteins and their regulators have been
increasingly regarded as potential pharmaceutical targets (6-9).
The work in this thesis covers our development of peptide ligands targeting G
proteins and GPCRs. The long-term goals of our work are to produce new tools for
probing G protein and GPCR structure and function, as well as to provide possible leads
for future drug discovery and design. Our primary method is mRNA display, which
allows us to isolate and identify specific peptide ligands from large libraries comprising
over 10 trillion unique members (10). Chapter 1 is a brief review of published peptide
selection experiments directly targeting G protein signaling pathways. In Chapter 2, we
perform an mRNA display selection to isolate a novel peptide (R6A) that binds to the G
protein, Giα1 (11). R6A and its derivatives are short, potent peptides that can modulate
the active state of Giα1 and have the potential of specifically activating or deactivating
particular G protein pathways. In Chapter 3, we extend our studies of the R6A peptide to
other Gα family members and identify a core motif for the recognition of Gα subunits.
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The core motif can be used as a starting point for new mRNA display libraries to isolate
peptides with novel activities and/or specificity for particular G protein classes.
Selection techniques have had limited success against GPCRs because of the
difficulty in expression, solubilization, and presentation of the receptor for recognition by
peptide libraries. In Chapter 4, we demonstrate the successful isolation of peptides that
bind to the GPCR, Methuselah (Mth), by targeting only the extracellular domain. Mth
was previously determined to play a role in lifespan in the fruit fly, Drosophila
melanogaster (12). Although the peptide ligands were identified by targeting only the
ectodomain, subsequent studies demonstrated that they recognize the full-length receptor
and antagonize Mth-mediated signaling.
Appendix A describes the epitope mapping of an anti-polyhistidine monoclonal
antibody (mAb). The mRNA display library was originally intended to target Giα1
immobilized on the mAb. However, only high affinity mAb-binding peptides were
identified. These sequences revealed a different consensus than the cited epitope and
demonstrated significantly higher affinity. To determine the minimal, functional epitope,
a detailed procedure for the construction of unidirectional, nested deletion mRNA display
libraries is described.
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