
 

Long-sought discovery fills in missing details
of cell 'switchboard'
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This illustration shows arrestin (yellow), an important type of signaling protein,
while docked with rhodopsin (orange), a G protein-coupled receptor. GPCRs are
embedded in cell membranes and serve an important role in a cellular signaling
network. An experiment conducted at SLAC's Linac Coherent Light Source X-
ray laser provided an atomic-scale 3-D map of this joined structure. Credit:
SLAC National Accelerator Laboratory
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A biomedical breakthrough published today in the journal Nature reveals
never-before-seen details of the human body's cellular switchboard that
regulates sensory and hormonal responses. The work is based on an X-
ray laser experiment at the Department of Energy's SLAC National
Accelerator Laboratory.

The much-anticipated discovery, a decade in the making, could have
broad impacts on development of more highly targeted and effective
drugs with fewer side effects to treat conditions including high blood
pressure, diabetes, depression and even some types of cancer.

The study has been hailed by researchers familiar with the work as one
of the most important scientific results to date using SLAC's Linac
Coherent Light Source (LCLS), a DOE Office of Science User Facility
that is one of the brightest sources of X-rays on the planet. The LCLS X-
rays are a billion times brighter than those from synchrotrons and
produce higher-resolution images while allowing scientists to use smaller
samples.

These ultrabright X-rays enabled the research team to complete the first
3-D atomic-scale map of a key signaling protein called arrestin while it
was docked with a cell receptor involved in vision. The receptor is a well-
studied example from a family of hundreds of G protein-coupled
receptors, or GPCRs, which are targeted by about 40 percent of drugs on
the market. Its structure while coupled with arrestin provides new insight
into the on/off signaling pathways of GPCRs.

The research, led by scientists at the Van Andel Research Institute in
Michigan in collaboration with dozens of other scientists from around
the globe, represents a major milestone in GPCR structural studies, said
Dr. Jeffrey L. Benovic, a biochemistry and molecular biology professor
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at Thomas Jefferson University in Philadelphia who specializes in such
research but was not a part of this study.

"This work has tremendous therapeutic implications," Benovic said.
"The study is a critical first step and provides key insight into the
structural interactions in these protein complexes."

Decoding the Body's Cellular 'Switchboard'

Arrestins and another class of specialized signaling proteins called G
proteins take turns docking with GPCRs. Both play critical roles in the
body's communications "switchboard," sending signals that the receptors
translate into cell instructions. These instructions are responsible for a
range of physiological functions.

Until now, only a G protein had been seen joined to a receptor at this
scale, one of the discoveries recognized with the 2012 Nobel Prize in
Chemistry. Before the study at SLAC, little was known about how
arrestins - which serve a critical role as the "off" switch in cell signaling,
opposite the "on" switch of G proteins - dock with GPCRs, and how this
differs from G protein docking. The latest research helps scientists
understand how a docked arrestin can block a G protein from docking at
the same time, and vice versa.

Many of the available drugs that activate or deactivate GPCRs block
both G proteins and arrestins from docking.

"The new paradigm in drug discovery is that you want to find this
selective pathway - how to activate either the arrestin pathway or the G-
protein pathway but not both—for a better effect," said Eric Xu, a
scientist at the Van Andel Research Institute in Michigan who led the
experiment. The study notes that a wide range of drugs would likely be
more effective and have fewer side effects with this selective activation.
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X-ray Laser Best Tool for Tiny Samples

Xu said he first learned about the benefits of using SLAC's X-ray laser
for protein studies in 2012. The microscopic arrestin-GPCR crystals,
which his team had painstakingly produced over years, proved too
difficult to study at even the most advanced type of synchrotron, a more
conventional X-ray source.

In the LCLS experiments, Xu's team used samples of a form of human
rhodopsin - a GPCR found in the retina whose dysfunction can cause
night blindness - fused to a type of mouse arrestin that is nearly identical
to human arrestin. Measuring just thousandths of a millimeter, the
crystals - which had been formed in a toothpaste-like solution - were
oozed into the X-ray pulses at LCLS, producing patterns that when
combined and analyzed allowed researchers to reconstruct a complete
3-D map of the protein complex

"While this particular sample serves a specific function in the body,
people may start to use this research as a model for how GPCRs, in
general, can interact with signaling proteins," Xu said. His team had been
working toward this result since 2005.

SLAC Director Chi-Chang Kao said of the research milestone, "This
important work is a prime example of how SLAC's unique combination
of cutting-edge scientific capabilities, including its expertise in X-ray
science and structural biology, are playing key roles in high-impact
scientific discoveries."
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This graphic shows the light-sensitive protein complex rhodopsin-arrestin
imaged via femtosecond X-ray laser. Credit: Jason Drees for the Biodesign
Institute

Data Analysis Helps Fill in Missing Piece

Qingping Xu, a scientist in the Joint Center for Structural Genomics at
SLAC's Stanford Synchrotron Radiation Lightsource who helped to
solve the 3-D structure, said it took many hours of computer modeling
and data analysis to help understand and refine its details.

"This structure is especially important because it fills in a missing piece
about protein-binding pathways for GPCRs," he said. Even so, he noted
that much work remains in determining the unique structures and
docking mechanisms across the whole spectrum of GPCRs and
associated signaling proteins.

Eric Xu said his group hopes to conduct follow-up studies at LCLS with
samples of GPCRs bound to different types of signaling proteins.

  More information: Nature, 22 July 2015 DOI: 10.1038/nature14656
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