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The Ins and Outs of NMDA Receptors
Derek B. Scott, Ioannis Michailidis,
Yuanyue Mu, Diomedes Logothetis,
and Michael D. Ehlers
(see pages 7096 –7109)

Although the trafficking of AMPA recep-
tors has received much recent fanfare as a
mechanism for synaptic plasticity,
NMDA receptors have received less atten-
tion in this regard. However, Scott et al.
now show that independent regions
within the cytoplasmic domains of
NMDA receptor type 1 (NR1) and
NMDA receptor type 2 (NR2) subunits
target NMDA receptors for internaliza-
tion. Interestingly, the receptors can be
sentenced differentially to separate fates,
either receptor cycling back to the plasma
membrane or degradation. In the NR1
subunit, two independent motifs, one
tyrosine-based and one lysine-based, were
necessary and sufficient for endocytosis. A
similar domain was identified in the
NR2A subunit. These internalization se-
quences, found in the membrane-
proximal C0 domain of the C terminus,
directed the receptors to late endosomes
for speedy degradation. In contrast, the
NR2B subunit contains a distal
C-terminal domain that caused rapid re-
cycling of receptors back to the plasma
membrane. These alternative pathways
provide flexible signals to control surface
expression of NMDA receptors.

Œ Development/Plasticity/Repair

Transmitters and Axon Guidance
Cues
Thomas A. Kreibich, Sreekanth H.
Chalasani, and Jonathan A. Raper
(see pages 7085–7095)

One generally thinks of growth cone guid-
ance as being driven by attractants and re-
pellants that guide the development of
specific pathways. Although the initial
phase of neurite outgrowth and organiza-
tion is activity-independent, neuronal fir-
ing influences later refinement of these

connections. This week, Kreibich et al. re-
port that the neurotransmitter glutamate
acting on the metabotropic receptor
mGluR1 decreases the repellant power of
several molecules, including slit-2 and the
semaphorins 3A and 3C. These repellants
collapsed growth cones in axons of retinal
ganglion, dorsal root ganglion, and sympa-
thetic neurons, respectively, from either
mouse or chick in vitro. Activation of
mGluR1 triggered a signaling cascade, in-
cluding a pertussis toxin-sensitive
G-protein, elevation of cAMP, activation of
protein kinase A, and inactivation of the
small GTPase Rho. The authors recently
found that the chemokine stromal derived
factor-1 activates a similar pathway. Thus,
neurotransmitters share signaling cascades
that may influence repellant guidance cues
in an activity-dependent manner.

f Behavioral/Systems/Cognitive

Getting Control of the Pain
Tim V. Salomons, Tom Johnstone,
Misha-Miroslav Backonja, and Richard
J. Davidson
(see pages 7199 –7203)

The perception of pain is influenced by
many factors, some of which have nothing
to do with the physical stimulus itself, as
anyone who has feared a trip to the dentist
can attest. Cognitive and emotional states
can contribute to our tolerance for pain,
particularly intractable pain. In this issue,
Salomons et al. used functional magnetic
resonance imaging to examine how per-
ceived control of a painful stimulus
changes the perception of pain. During
brain imaging, subjects used a joystick
that they were told could reduce the dura-
tion of a painful thermal stimulus. How-
ever, this control was illusory because the
physical stimulus remained constant.
Nonetheless, most subjects reported that
they had reduced the length of the painful
stimulus under the “controllable” condi-
tion. Brain areas commonly associated
with pain processing, the anterior cingu-
late, insular and secondary somatosen-
sory cortex, had attenuated activation.
Thus, these regions must not be strictly

nociceptive but rather are influenced by
the context in which the pain is perceived.

� Neurobiology of Disease

Neuronal Nicotinic Receptor
Antibodies and Autonomic
Neuropathy
Steven Vernino, Leonid G. Ermilov, Lei
Sha, Joseph H. Szurszewski, Phillip A.
Low, and Vanda A. Lennon
(see pages 7037–7042)

Several classical neurological disorders in-
volve autoimmune-mediated disruption
of peripheral synapses, the best known be-
ing myasthenia gravis that is caused by cir-
culating antibodies to the muscle nicotinic
receptor. In this issue, Vernino et al. exam-
ine such a disease mechanism in a disorder
involving peripheral autonomic ganglia, au-
toimmune autonomic neuropathy (AAN).
This disorder is manifest by disruption of
autonomic functions such as pupillary light
responses, gastrointestinal motility, and
bladder function. Clues point to neuronal
nicotinic dysfunction in AAN, because ani-
mals lacking the �3 nicotinic subunit have
severe dysautonomia and symptoms in
AAN patients correlate with anti-�3 anti-
body titers. The authors injected mice with
IgG from rabbits immunized with an �3 fu-
sion protein to test a requirement for an
antibody-mediated disorder: passive trans-
fer. The recipient mice had impaired cholin-
ergic ganglionic transmission and signs of
autonomic failure. Likewise, mice injected
with serum from human AAN patients also
developed a similar phenotype.

Mice 3 d after injection of nicotinic receptor antibodies show
dilated pupils, consistent with autonomic failure. See the ar-
ticle by Vernino et al. for details.
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