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esearchers working to understand how chemical signals in the brain are converted into
learning and memory have started to tease out some of the details of this suitably complex process. The molecules that relay chemical signals between neuronal cells of the
brain during tasks of cognitive function interact with their cellular receptors in a highly
specialized and tightly regulated manner. Reduced signaling of one of these molecules, glutamate,
has been identified in a number of diseases including Alzheimer’s, schizophrenia, attention
deficit/hyperactivity disorder, narcolepsy, autism, and Parkinson’s. Drugs have been developed that
can enhance glutamate signaling and, although they have shown promise in improving cognitive
function in preliminary studies, they have proven to be of limited efficacy or to cause adverse effects.
In work completed by researchers at IMCA-CAT beamline 17-ID-B and LRL-CAT beamline 31-ID-D
of the APS, the structure and function of two new compounds that modulate glutamate receptor signaling have been studied. This work provides new insights that will be important in the development
of effective treatments for diseases in which impaired glutamate receptor signaling causes problems
with cognitive function. >>>

Fig. 1. Computer modeling of overlapping structures of CTz (green), CX614 (purple), Compound A
(dark pink), and Compound b (light pink) binding to the glutamate receptor. Image provided by
jonathan harms, Doctoral Candidate, Colorado State University.

92

APS S CIENCE 2011

s truCturAl b iology

At the junctions between neuronal
cells in the brain, glutamate molecules
released by one cell transmit signals to
the next cell through complex interactions with receptors that recognize glutamate and relay the message. The
strength of the signal is modulated by
the level of exposure to glutamate and
can be deactivated after brief exposure
for the next round of activation. Longer
exposure can cause desensitization
wherein the receptor must recover
before it can be activated again.
Current drugs are known to enhance
glutamate receptor signaling by modulating this receptor deactivation or
desensitization process. Structural
studies of two classes of drugs, represented by cyclothiazide (CTz) and
CX614, have shown that these drugs
affect glutamate receptor desensitization and deactivation, respectively.
New drug screening and optimization efforts have yielded two new modulators of glutamate receptor signaling.
In order to better understand the details
of how the two compounds act, the
researchers from Colorado State
University, Eli Lilly and Company, and
the Morehouse School of Medicine built
on previous structural information to
evaluate the action of these compounds on glutamate receptor signaling
and compare their findings to those for
CTz and CX614. Their first approach
involved experiments in cells that
express one of two forms of the glutamate receptor on their cell membrane
to test whether the compounds modulated the action of glutamate when it
was added. They found that both compounds enhanced the activity of the
receptors on the cells, but one of the

compounds had a preference for a
specific form of the receptor, referred to
as the “flip” variant. Due to the fact that
glutamate signaling diseases could be
caused by different errors in the way
the receptor works, this information
could allow physicians to tailor treatments to the individual needs of their
patients.
Next, structural studies showed
that both compounds bind to the receptor at the same site as CTz and CX614
but, although their binding sites overlap
with those of both CTz and CX614,
they also bind to unique areas of the
receptor (Fig. 1). Interestingly, the crystal structures showed that the compounds shared molecular interactions
with CX614 that had been hypothesized to account for its effects on
receptor deactivation. The structural
data is consistent with functional
assays that showed that both compounds are more potent and effective
than CTz and CX614, both block
desensitization of the receptor, and
both slow deactivation of the receptor
but in different ways. One compound
preferentially slows deactivation of the
“flop” form of the receptor while the
other preferentially slows deactivation
of the flip variant.
With this promising data in hand,
the group will continue to focus on
learning the structural and functional
characteristics of glutamate receptor
modulators as a pathway to finding
new, more effective compounds that
may be turned into drugs. With new
and exciting compounds being discovered or synthesized every year by
pharmaceutical companies, there is no
shortage of hope that this pipeline will

produce powerful new treatments for
cognitive impairment. — Sandy Field
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17-ID-B • IMCA-CAT • Life sciences •
Macromolecular crystallography, multi-wavelength anomalous dispersion, microbeam,
single-wavelength anomalous dispersion • 620 keV • On-site, remote, mail-in • Accepting
general users •
31-ID-D • LRL-CAT • Life sciences •
Macromolecular crystallography, single-wavelength anomalous dispersion, single-crystal
diffraction • 4.7-28 keV • Mail-in • Accepting
general users •
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