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Brain Receptor Structures Key to Future Therapeutics 
With an aging population in 

America, it is more important 
than ever to discover ways to 
treat or prevent diseases 
affecting the brain and its 
ability to make new connec-
tions and recall memories. 
Some of the most important 
players in the brain’s normal 
function are the glutamate 
receptors, which are involved in 
nervous-system development 
and function. These molecules 
transmit signals between nerve 
cells and are critical to learning 
and memory. Mutations in this 
family of ion-channel molecules 
are associated with neurolog-
ical and neuropsychiatric 
conditions such as Parkinson’s 
disease and autism. Glutamate 
receptors are already the target 
for therapeutics aimed at 
treating epilepsy, depression, 
Alzheimer’s disease, and more.

Multiple structures of two 
glutamate receptors, AMPA and 
NMDA, were solved by x-ray 
crystallography in the Berkeley 
Center for Structural Biology 
(BCSB) at the ALS by Eric 
Gouaux and his team from the 
Oregon Health & Science 
University’s Vollum Institute. 
Each receptor is named for the 
synthetic molecule that it  
binds more tightly than gluta-
mate (the primary neurotrans-
mitter in the brain): AMPA, 
α-amino-3-hydroxy-5-methyl- 
4-isoxazolepropionic acid; and  
NMDA, N-methyl-D-aspartate. 

The receptors used in the 
studies—from the Norwegian 
rat and the frog Xenopus laevis, 
respectively—are essentially 
identical or very similar in 
function to their human 
analogues and are thus highly 
relevant to understanding their 
function in humans.

AMPA binds to small mole-
cules, or ligands, that activate 
its ion-channel gating activity. 
In a study published in Science 
last August, Gouaux and his 
colleagues describe several 
AMPA structures, with and 
without mutations, bound to a 
cone-snail toxin in addition to 

other small molecules that 
affect receptor structure and 
function. The cone-snail toxin 
(con-ikot-ikot) is a disulfide-
bond-rich polypeptide, previ-
ously shown to induce paralysis 
in fish and to potently and 
selectively affect the sensitiza-
tion of AMPA receptors to the 
presence of glutamate. The 
structures of these complexes 
provide insight into the activa-
tion mechanism of this 
receptor, as well as its many 
interactions with an AMPA-
specific toxin.

NMDA is both ligand-gated 
and voltage-dependent, meaning 
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X-ray crystal structure of the NMDA receptor showing its 

mushroom-like shape, with receptor subunits in different colors.
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The Mechanism of the Mind
“There are billions of neurons in our brains, but what are neurons? 

Just cells. The brain has no knowledge until connections are made 

between neurons. All that we know, all that we are, comes from 

the way our neurons are connected.” — Tim Berners-Lee

The man credited with inventing the World Wide Web surely 

understood the power of connectivity. A human brain incor-

porates a massive web of interconnected neurons that far 

outstrips the ability of any computer, or network of computers, 

to learn and create. When neural connections in the brain 

are reinforced, learning can occur. When the connections 

weaken, memories fade. One way that neurons connect to 

and communicate with each other is through chemical com-

pounds (such as glutamate) that are released by the signal-

ing neuron and caught by receptor proteins, such as AMPA 

and NMDA, embedded in the membrane of the target neuron. 

Malfunctions in this signaling process are implicated in a 

spectrum of neurological diseases and neuropsychiatric 

disorders, from epilepsy to schizophrenia.

In the two studies described here, researchers present 3D 

structures of AMPA and NMDA. “This new detailed view 

will be invaluable as we try to develop drugs that might work 

on specific subunits and therefore help fight or cure some 

of these neurological diseases and conditions,” said prin-

cipal investigator Eric Gouaux. “Seeing the structure in 

more detail can unlock some of its secrets—and may help a 

lot of people.”

Architecture of the AMPA–toxin complex, showing the amino-

terminal domain (ATD), ligand-binding domain (LBD), and 

transmembrane domain (TMD). The membrane is delineated by 

gray bars, and the toxin is shown in magenta. The molecules 

shown a s space -filling models a re activating ligands 

(fluorowillardiine, or FW). 

Eric Gouaux.

that the extracellular portion of 
this receptor triggers ion-channel 
pore activation when glutamate 
and another ligand bind to the 
receptor, allowing the flow of 
calcium ions. Gouaux and his 
fellow researchers reported two 
structures in a July 2014 Nature 
article that give rise to a deeper 
understanding of this glutamate 
receptor. “The NMDA receptor 
is one of the most important 
receptors in our brain, and yet 

we are still discovering how it 
works,” said Gouaux, senior 
scientist and Howard Hughes 
Medical Investigator. “With 
these structures, we can see 
incredible detail and lay the 
groundwork for the development 
of future therapeutics.”

Gouaux’s team solved the 
structures using BCSB Beam-
lines 8.2.1 and 5.0.2 and refined 
them using Phenix x-ray crystal-
lography software developed in 

Berkeley Lab’s Physical Biosci-
ences Division. AMPA and 
NMDA have similar architec-
tures, possessing an amino-
terminal domain and a 
ligand-binding domain, both 
located outside of the cell, and a 
transmembrane domain that 
spans the membrane and defines 
the ion-channel pore. NMDA 
has an additional carboxy-
terminal domain inside the cell. 
Researchers made amino-acid-

sequence modifications to both 
receptors to improve stability for 
crystallization while retaining 
the ability to bind small mole-
cules and maintain biological 
activity when exposed to ligands.

These structures provide a 
molecular blueprint for use in 
developing new therapeutics, as 
well as a structural framework 
for understanding how these 
molecules are modulated and 
function as ion channels that 
pass neural signals through cell 
membranes. The information 
can lead to greater under-
standing, not only of the AMPA 
and NMDA receptors, but of the 
kainate receptor as well, which 
is in the same class of glutamate 
receptors. The knowledge 
gained from the detailed molec-
ular structures of both recep-
tors will be invaluable as 
researchers develop drugs 
designed to treat or cure 
numerous debilitating neuro-
logical diseases and conditions.


