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Abstract

Our primary research focus is to use human
induced pluripotent stem (iPS) cells as a
model system for understanding how biological signals orchestrate the development
of complex tissues and then modulate essential functions such as heart contraction.
Our long-term goal is to discover new drugs
to produce healthy tissues for regenerative medicine, as well making drugs safer
by understanding how some drugs cause
side effects such as lethal cardiac arrhythmias. We have taken a synthetic biology
approach to decoding the basic signaling
responses of a family of receptors called G
protein–coupled receptors (GPCRs), that are
the target of nearly half of the world’s pharmaceuticals. We have engineered GPCRs
called receptors activated by small synthetic
ligands (RASSLs) that are unresponsive to
endogenous natural hormones, but can still
be activated by synthetic small-molecule
drugs. We have expressed RASSLs in a wide
variety of tissues to control responses such
as heart rate, bone formation, and stem cell
development (see figure). We have produced iPS cells from patients with human
genetic disorders in heart rhythm, such as
long QT syndrome. These studies will allow
us to directly examine the role of GPCR
signaling in iPS–derived human tissues with

specific human genetic diseases.
In parallel research efforts, our pathwayoriented bioinformatics team has produced
a series of free, publicly distributed software
packages called GenMAPP and WikiPathways, which are used by hundreds of
researchers worldwide. We are expanding
these open source programs in partnership
with Alitora Systems, a leading bioinformatics company. These software tools allow us
to better analyze functional genomic data
to advance our own studies of GPCR signaling in developing tissues.
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