
Images in Neuroscience

Carol A. Tamminga, M.D., Editor

1148 Am J Psychiatry 164:8, August 2007ajp.psychiatryonline.org

GRIK4 association with antidepressant outcome is discussed by Paddock et al. on p. 1181.

GRIK4 and the Kainate Receptor

GRIK4 codes for the KA1 subunit of kainate receptors
(KARs). Kainate receptors are tetrameric assemblies of subunits
similar in structure to the other ionotropic glutamate receptors,
AMPA and NMDA. Their function is less well understood than
that of AMPA and NMDA receptors, but a growing knowledge
base suggests they are critical regulators of network activity that
act by modifying neuronal excitability, directly and indirectly,
through GABA-ergic interneurons. Five subunits can assemble to
form KARs; GluR5 (coded by GRIK1), GluR6 (coded by GRIK2),
and GluR7 (coded by GRIK3) are the low-affinity subunits, with
the GluR5 or GluR6 subunit determining the receptor’s perme-
ability to Ca++, and KA1 and KA2 are the high-affinity subunits.
The number of subunits and their mix in KARs add to the variety
of KAR properties throughout brain. In the adult brain, KARs are
located pre- and postsynaptically on pyramidal cells and on inter-
neurons. Presynaptically, the receptors act as both facilitatory
and inhibitory autoreceptors. Some kainate receptors also func-
tion heterosynaptically, sensing extrasynaptic glutamate. Kainate
receptors on GABA-containing interneurons enhance GABA re-

lease and thereby downregulate glutamatergic signaling. KARs
have been implicated in human brain diseases. Their involve-
ment in seizure disorders is supported by a high sensitivity of hip-
pocampal tissue to kainate in animal models and the resistance of
GluR6 knockout animals to kainate-induced seizures. Topira-
mate, an anticonvulsant, antagonizes the GluR5 subunit of the
KAR and may act there to attenuate seizures. Clinical trials are
evaluating the effects of GluR5 antagonists in migraine. GluR5 an-
tagonists also have antinociceptive activity. GRIK1 is located on
21q22.1, the region implicated in Down’s syndrome. GRIK2 has
shown significant linkage with autism. GRIK3 has been linked to
schizophrenia. The crystal structures of the GluR5 and GluR6
subunits have been solved (figures), but the KA1 and KA2 sub-
types have resisted structural analysis.
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This month’s Image in Neuroscience (doi: 10.1176/appi.ajp.2007.07060996) is drawn from work supported by the Intramural Research Program of
the National Institute of Child Health and Human Development, NIH. Figures adapted from data published in Mayer ML, Ghosal A, Dolman NP, Jane
DE: Crystal structures of the kainate receptor GluR5 ligand binding core dimer with novel GluR5-selective antagonists. J Neurosci 2006; 26:2852–2861.

The gating model for activation of kainate receptor ion channels and examples of crystal structures for the ligand-binding domain of the GluR5
subtype trapped in the resting and active conformation. Pairs of subunits assemble as dimers (panel A); the change in “linker” separation,
which occurs when the neurotransmitter glutamate binds to the receptor and stabilizes the closed cleft conformation, leads to ion channel
gating via a scissors-like motion. Panel B shows crystal structures for the resting and active conformations that led to this model. Panel C shows
the crystal structure for a single subunit in complex with the selective GluR5 competitive antagonist UBP310; the antagonist sits in the cleft
between the two domains. Panel D shows the molecular surface of the antagonist binding site, colored by surface potential (blue positive and
red negative) and reveals that the pair of carboxylate ions in the antagonist bind to positively charged patches in domain 1 and 2.
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