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Another Role for the M Current
Jérôme J. Devaux, Kleopas A. Kleopa,
Edward C. Cooper, and Steven S. Scherer
(see pages 1236 –1244)

The subunits underlying the M current, a
subthreshold potassium current first de-
scribed in sympathetic neurons and pyra-
midal cells, evaded identification until the
discovery of the KCNQ family a few years
ago. KCNQ mutations are associated with
several diseases, including epilepsy, hear-
ing loss, and most recently, myokymia, a
worm-like, repetitive movement of mus-
cles thought to be attributable to axonal
hyperexcitability. Devaux et al. now reveal
expression of KCNQ2 in a location that
might help explain these effects on neuro-
nal excitability: initial segments and nodes
of Ranvier in peripheral and central neu-
rons. Aware of a slowly activating, M-like
current at nodes, the authors searched for
KCNQ subunits. They found KCNQ2
channels at nodes and initial segments,
along with voltage-dependent sodium
channels, and ankyrin-G, a cytoskeletal
linker protein. KCNQ3 channels, in con-
trast, were expressed in a more diffuse,
nonoverlapping pattern. The channels
were seen only in nonfixed neurons, per-
haps explaining past failures to detect the
channels in nodes.

Œ Development/Plasticity/Repair

Making Renshaw Cells
Tamar Sapir, Eric J. Geiman, Zhi Wang,
Tomoko Velasquez, Sachiko Mitsui,

Yoshihiro Yoshihara, Eric Frank,
Francisco J. Alvarez, and
Martyn Goulding
(see pages 1255–1264)

The Renshaw cell of the ventral spinal
cord was the first physiologically identi-
fied interneuron, providing recurrent in-
hibition onto motor neurons. Now Sapir
et al. reveal a bit of the path leading to
Renshaw cell development. The neuronal
circuits that control posture and locomo-
tion in the ventral spinal cord arise from
five embryonic precursors: motor neu-
rons and four interneuron subtypes (V0 –
V3). In an effort to match up these embry-
onic interneurons with their mature fate,
Sapir et al. concentrated on the V1 class.
They first identified differentiated prog-
eny of V1 cells expressing the En1 tran-
scription factor, and determined that a
subset of these were Renshaw cells. They
then examined mice deficient in either of
two transcription factors, Pax6 and En1.
Pax6-deficient mice lacked Renshaw cells,
whereas En1-deficient mice had Renshaw
cells with fewer recurrent connections
onto motor neurons, suggesting roles at
different stages in Renshaw cell
development.

f Behavioral/Systems/Cognitive

Premotor Cortex Pathways that
Shape the Hand
H. Shimazu, M. A. Maier, G. Cerri, P. A.
Kirkwood, and R. N. Lemon
(see pages 1200 –1211)

Area F5 of the ventral premotor cortex is
involved in the sensorimotor transforma-
tion that allows visually guided control of
hand shape in activities such as grasping.
Disruption of F5 activity interferes with
hand grasping, and direct stimulation of
F5 can evoke hand movements. Now
Shimazu et al. examine whether F5 influ-
ences hand shape through direct connec-
tions to spinal cord or through cortico-
cortical connections to primary motor
cortex (M1). In anesthetized monkeys,

stimulation of microelectrodes implanted
in F5 did not produce direct corticospinal
activity, although pairs of shocks did pro-
duce small, longer-latency (“indirect”)
activity. Conditioning shocks to F5, how-
ever, facilitated M1-stimulated indirect
corticospinal activity as well as EPSPs in
hand motor neurons. The results point to
an excitatory influence of area F5 on M1,
presumably via activation of interneuro-
nal networks in M1. The authors suggest
that this mechanism may parallel the pos-
itive gain control of smooth pursuit eye
movements mediated by frontal pursuit
areas.

� Neurobiology of Disease

The Timing of Stroke Rehab in
the Rat
Jeff Biernaskie, Garry Chernenko, and
Dale Corbett
(see pages 1245–1254)

Clinicians know that strokes generally
cause maximum functional deficits
within a day or two of onset, followed of-
ten by gradual improvement that plateaus
after a month or so. Although rehabilita-
tion has many benefits, its effect on objec-
tive neurological recovery is difficult to
measure in patients. In this issue, Bier-
naskie et al. investigated when rehabilita-
tive training has the greatest impact. The
authors occluded a middle cerebral artery
(MCA) in rats to produce focal ischemia,
followed by 5 weeks of rehabilitation at 5,
14, or 30 d after infarct. What is “rehab” in
a rat? Well, cage objects were used to stim-
ulate bimanual limb use, and reaching
tasks encouraged use of the affected limb
with mini M&Ms as the reward! Only the
early treatment improved functional re-
covery. Interestingly, early rehab was also
associated with increased length and
branching of dendrites in layer V motor
cortex in the undamaged hemisphere, in-
dicating a possible role of rehabilitation
on compensatory recruitment and re-
modeling.

KCNQ2 (red) localizes to the axonal membrane at a node of
Ranvier as seen in this single confocal section. The neurofila-
ment protein, NF-H (green) marks the axonal cytoplasm.
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Cover Picture: Five Ca2� syntillas (from scintilla, L.,
spark, in a synaptic structure, a nerve terminal) as

imaged using the Ca2� indicator fluo-3 in the cytosol
of an isolated terminal from a single mouse

hypothalamic neuron. Each panel shows a single
syntilla, all arising in the same terminal. The circular

outline of the terminal can be seen on the square blue
background. Syntillas arise from intraterminal Ca2�

stores, are mediated by ryanodine receptors, and are
increased in frequency by physiological levels of

depolarization in the absence of Ca2� influx. The
diameter of the nerve terminal is 8 �m. For details,

see the article by De Crescenzo et al. in this issue
(pages 1226 –1235).
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Correction: In the article “Apamin-Sensitive Small Conductance Calcium-
Activated Potassium Channels, through their Selective Coupling to Voltage-Gated
Calcium Channels, Are Critical Determinants of the Precision, Pace, and Pattern of
Action Potential Generation in Rat Subthalamic Nucleus Neurons In Vitro,” by
Nicholas E. Hallworth, Charles J. Wilson, and Mark D. Bevan, which appeared on
pages 7525–7542 of the August 20, 2003 issue, the following corrections should be
noted: (1) Dr. Bevan is affiliated with both the first and third institutions listed
(1University of Tennessee, Anatomy and Neurobiology, Memphis, Tennessee
38163, and 3Department of Physiology, Feinberg School of Medicine,
Northwestern University, Chicago, Illinois 60611-3008). (2) The second sentence
of the abstract should read: “To determine how such patterns of activity are
regulated by small conductance potassium (SK)/calcium-activated potassium (KCa)
channels and voltage-gated calcium (Cav) channels, STN neurons were recorded in
the perforated patch configuration in slices [which were prepared from postnatal
day 16 (P16)–P30 rats and held at 37°C] and then treated with the SK KCa channel
antagonist apamin or the SK KCa channel agonist 1-ethyl-2-benzimidazolinone or
the Cav channel antagonists �-conotoxin GVIA (Cav2.2-selective) or nifedipine
(Cav1.2-1.3-selective).” (3) The sentence beginning on line 7 of page 7526 should
read “In recent whole-cell patch clamp recording studies of STN neurons, calcium
entry via voltage-gated calcium (Cav) channels predominantly activated small
conductance potassium (SK)/calcium-activated potassium (KCa) channels, which
played a pivotal, largely suppressive role in shaping activity or activated nonspecific
cation channels, which augmented activity (Bevan and Wilson, 1999; Beurrier et
al., 1999, 2000; Otsuka et al., 2001).” (4) The second sentence of the legend to
Figure 10 should read: “A, B, Combined fluorescent and electrical recordings of
subthreshold and suprathreshold rebound responses in an STN neuron (inset).”
(5) In the Discussion, the sentence starting on line 8 of the third paragraph should
read: “Indeed, SK KCa channel or Cav2.2 channel blockade increased firing rates in
response to equivalent input but did not disrupt the pattern of driven activity.”
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The Discovery and Characterization of a Proton-Gated Sodium Current in Rat Retinal Ganglion
Cells

Sarah Lilley,1 Paul LeTissier,2 and Jon Robbins3

1,3Neural Injury and Repair Group, Centre for Neuroscience Research, King’s College London, Guy’s Campus, London, SE1 1UL, United Kingdom, and
2Division of Neuroendocrinology, National Institute for Medical Research, The Ridgeway, Mill Hill, London, NW7 1AA, United Kingdom

The conduction of acid-evoked currents in central and sensory neurons is now primarily attributed to a family of proteins called acid-sensing ion channels (ASICs). In
peripheral neurons, their physiological function has been linked to nociception, mechanoreception, and taste transduction; however, their role in the CNS remains unclear.
This study describes the discovery of a proton-gated current in rat retinal ganglion cells termed INa(H�) , which also appears to be mediated by ASICs. RT-PCR confirmed the
presence of ASIC mRNA (subunits la, 2a, 2b, 3, and 4) in the rat retina. Electrophysiological investigation showed that all retinal ganglion cells respond to rapid extracellular
acidification with the activation of a transient Na � current, the size of which increases with increasing acidification between pH 6.5 and pH 3.0. INa(H�) desensitizes
completely in the continued presence of acid, its current–voltage relationship is linear and its reversal potential shifts with ENa. INa(H�) is reversibly inhibited by amiloride
(IC50 , 188 �M) but is resistant to block by TTX (0.5 �M), Cd 2� (100 �M), procaine (10 mM), and is not activated by capsaicin (0.5 �M). INa(H�) is not potentiated by Zn 2� (300
�M) or AQ: APhe-Met-Arg-Phe-amide (50 �M) but is inhibited by neuropeptide-FF (50 �M). Acute application of pH 6.5 to retinal ganglion cells causes sustained
depolarization and repetitive firing similar to the trains of action potentials normally associated with current injection into these cells. The presence of a proton-gated
current in the neural retina suggests that ASICs may have a more diverse role in the CNS.
The Journal of Neuroscience, February 4, 2004 • 24(5):1013–1022

Activity-Dependent Expression of Acyl-Coenzyme A-Binding Protein in Retinal Muller Glial
Cells Evoked by Optokinetic Stimulation

Neal H. Barmack, Timothy R. Bilderback, Henry Liu, Zuyuan Qian, and Vadim Yakhnitsa
Neurological Sciences Institute, Oregon Health and Science University, Beaverton, Oregon 97006

Long-term horizontal optokinetic stimulation (HOKS) decreases the gain of the horizontal optokinetic reflexAQ: C and evokes the second phase of optokinetic afternys-
tagmus (OKAN-II)AQ: D. We investigated the possible molecular constituents of this adaptation. We used a differential display reverse transcriptase-PCR screen for
mRNAs isolated from retinas of rabbits that received HOKS. In each rabbit, we compared mRNAs from the retina stimulated in the posterior3anterior (preferredAQ: E)
direction with mRNAs from the retina stimulated in the anterior3posteriorAQ: F (null) direction. Acyl-CoA-binding protein (ACBP) mRNA was one of four mRNAs
selected by this screen, the proteins of which interact with GABAAQ: G receptors. HOKS in the preferred direction increased ACBP mRNA transcription and ACBP protein
expression. ACBP was localized to Muller glial cells by hybridization histochemistry and by immunohistochemistry. ACBP interacts with the �1-subunit of the GABAA

receptor, as determined by a yeast two-hybrid technique. This interaction was confirmed by coimmunoprecipitation of ACBP and the �1-subunit of the GABAA receptor
using an antibody to GABAA�1. The interaction was also confirmed by a “pull-down” assay in which histidine-tagged ACBP was used to pull downAQ: H the GABAA�1.
ACBP does not cross the blood– brain barrier. However, smaller truncated proteolytic fragments of ACBP do, increasing the excitability of central cortical neurons.

Muller cells may secrete ACBP in the inner plexiform layer, thereby decreasing the sensitivity of GABAA receptors expressed on the surface of ganglion cell dendrites.
BecauseAQ: I retinal directional sensitivity is linked to GABAergic transmission, HOKS-induced expression of ACBP could provide a molecular basis for adaptation to
HOKS and for the genesis of OKAN-II.
The Journal of Neuroscience, February 4, 2004 • 24(5):1023–1033

Nuclear Factor E2-Related Factor 2-Dependent Antioxidant Response Element Activation by
tert-Butylhydroquinone and Sulforaphane Occurring Preferentially in Astrocytes Conditions
Neurons against Oxidative Insult

Andrew D. Kraft,1 Delinda A. Johnson,1 and Jeffrey A. Johnson1,2,3

1School of Pharmacy, 2Waisman Center, and 3Molecular and Environmental Toxicology Center, University of Wisconsin, Madison, Wisconsin 53705

Binding of the transcription factor nuclear factor E2-related factor 2 (Nrf2)AQ: B to the antioxidant response element (ARE) in neural cells results in the induction of a
battery of genes that can coordinate a protective response against a variety of oxidative stressors. In this study, tert-butylhydroquinone (tBHQ) and sulforaphane were used
as activators of this pathway. Consistent with previous studies, treatment of primary cortical cultures from ARE reporter mice revealed selective promoter activity in
astrocytes. This activation protected neurons from hydrogen peroxide and nonexcitotoxic glutamate toxicity. tBHQ treatment of cultures from Nrf2 knock-out animals
resulted in neither ARE activation nor neuroprotection. By reintroducing Nrf2 via infection with a replication-deficient adenovirus (ad), both the genetic response and
neuroprotection were rescued. Conversely, infection with adenovirus encoding dominant-negative (DN) Nrf2 (ad-DN-Nrf2) or pretreatment with the selective
phosphatidylinositol-3 kinase inhibitor LY294002 inhibited the tBHQ-mediated promoter response and corresponding neuroprotection. Interestingly, the adenoviral
infection showed a high selectivity for astrocytes over neurons. In an attempt to reveal some of the cell type-specific changes resulting from ARE activation, cultures were
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infected with adenovirus encoding green fluorescent protein (GFP) (ad-GFP) or ad-DN-Nrf2 (containing GFP) before tBHQ treatment. A glia-enriched population of
GFP-infected cells was then isolated from a population of uninfected neurons using cell-sorting technology. Microarray analysis was used to evaluate potential glial versus
neuron-specific contributions to the neuroprotective effects of ARE activation and Nrf2 dependence. Strikingly, the change in neuronal gene expression after tBHQ
treatment was dependent on Nrf2 activity in the astrocytes. This suggests that Nrf2-dependent genetic changes alter neuron– glia interactions resulting in neuroprotection.
The Journal of Neuroscience, February 4, 2004 • 24(5):1101–1112

Intracellular Association of Glycine Receptor with Gephyrin Increases Its Plasma Membrane
Accumulation Rate

Cyril Hanus, Christian Vannier, and Antoine Triller
Laboratoire de Biologie Cellulaire de la Synapse Normale et Pathologique, Institut National de la Santé et de la Recherche Médicale, Ecole Normale
Supérieure, 75005 Paris, France

Gephyrin, a tubulin-binding protein, is the core of inhibitory postsynaptic scaffolds stabilizing glycine receptors (GlyRs) and/or GABAAQ: BA receptors. Previous ultra-
structural studies in vivo and in vitro have reported a localization of gephyrin to intracellular cisternas during development or after glycinergic denervation (Seitanidou et
al., 1992; Colin et al., 1996, 1998). These data were compatible with a traffic of this cytoplasmic, but membrane-associated, protein together with membrane proteins such
as GlyR after exocytosis and/or endocytosis pathways. We have now investigated the consequences of a GlyR– gephyrin interaction on the localization and the dynamics of
these two molecules in African green monkey kidney cells (COS-7) cells and in neurons transfected with green fluorescent protein-tagged-gephyrinAQ: C and myc-tagged
GlyR �1 subunits. In these experiments, myc-tagged GlyR �1 contained, or did not contain, the gephyrin-binding sequence (�gb) of the GlyR � subunit. We report here that
GlyR– gephyrin interaction localizes gephyrin to GlyR-containing organelles. Videomicroscopy and nocodazole treatment indicate that the movements of these vesicles are
microtubule dependent. Expressing GlyR �1 with a thrombin cleavage site between the myc-tag and the N terminal of the GlyR �1 subunit (Rosenberg et al., 2001) allowed
monitoring of newly inserted receptors in the cell surface. Using temperature changes to block GlyR in, and then release it from, the trans-Golgi network, we show that
gephyrin accelerates the accumulation of GlyR at the cell surface. Therefore, our data strongly suggest that some GlyR clusters are associated with gephyrin on their way to
the cell surface and that this association increases the accumulation of GlyR at the plasma membrane.
The Journal of Neuroscience, February 4, 2004 • 24(5):1119 –1128

The Glutamate Transporter GLT1a Is Expressed in Excitatory Axon Terminals of Mature
Hippocampal Neurons

Weizhi Chen,1* Veeravan Mahadomrongkul,4* Urs V. Berger,5 Merav Bassan,1 Tara DeSilva,1 Kohichi Tanaka,6,7

Nina Irwin,2 Chiye Aoki,4§ and Paul A. Rosenberg1,3§
Departments of 1Neurology and 2Neurosurgery, Children’s Hospital, and 3Program in Neuroscience, Harvard Medical School, Boston, Massachusetts 02115,
4Center for Neural Science, New York University, New York, New York 10003, 5Department of Surgery, Beth Israel Deaconess Medical Center, Harvard
Medical School, Boston, Massachusetts 02215, 6Laboratory of Molecular Neuroscience, School of Biomedical Science and Medical Research Institute, Tokyo
Medical and Dental University, Tokyo 113-8510, Japan, and 7PRESTO, Japan Science and Technology Corporation, Saitama 332-0012, Japan

GLT1 is the major glutamate transporter of the brain and has been thought to be expressed exclusively in astrocytes. Although excitatory axon terminals take up glutamate,
the transporter responsible has not been identified. GLT1 is expressed in at least two forms varying in the C termini, GLT1a and GLT1b. GLT1 mRNA has been demonstrated
in neurons, without associated protein. Recently, evidence has been presented, using specific C terminus-directed antibodies, that GLT1b protein is expressed in neurons
in vivo. These data suggested that the GLT1 mRNA detected in neurons encodes GLT1b and also that GLT1b might be the elusive presynaptic transporter. To test these
hypotheses, we used variant-specific probes directed to the 3�-untranslated regions for GLT1a and GLT1b to perform in situ hybridization in the hippocampus. Contrary to
expectation, GLT1a mRNA was the more abundant form. To investigate further the expression of GLT1 in neurons in the hippocampus, antibodies raised against the C
terminus of GLT1a and against the N terminus of GLT1, found to be specific by testing in GLT1 knock-out mice, were used for light microscopic and EM-ICC. GLT1a protein
was detected in neurons, in 14 –29% of axons in the hippocampus, depending on the region. Many of the labeled axons formed axo-spinous, asymmetric, and, thus,
excitatory synapses. Labeling also occurred in some spines and dendrites. The antibody against the N terminus of GLT1 also produced labeling of neuronal processes. Thus,
the originally cloned form of GLT1, GLT1a, is expressed as protein in neurons in the mature hippocampus and may contribute significantly to glutamate uptake into
excitatory terminals.
The Journal of Neuroscience, February 4, 2004 • 24(5):1136 –1148

Regulation of Dopamine D1 Receptor Function by Physical Interaction with the NMDA
Receptors

Lin Pei,1 Frank J. S. Lee,1 Anna Moszczynska,1 Brian Vukusic,1 and Fang Liu1,2,3,4

1Department of Neuroscience, Centre for Addiction and Mental Health, Clarke Division, Toronto, Ontario, M5T 1R8 Canada, and Departments of
2Physiology and 3Psychiatry and 4Institute of Medical Science, University of Toronto, Toronto, Ontario, M5T 1R8 Canada

Functional interactions between dopamine D1-like receptors and NMDAAQ: A subtype glutamate receptors have been implicated in the maintenance of normal brain
activity and neurological dysfunction. Although modulation of NMDA receptor functions by D1 receptor activation has been the subject of extensive investigation, little is
known as to how the activation of NMDA receptors alters D1 function. Here we report that NMDA receptors regulate D1 receptor function via a direct protein–protein
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interaction mediated by the carboxyl tail regions of both receptors. In both cotransfected cells and cultured hippocampal neurons the activation of NMDA receptors
increases the number of D1 receptors on the plasma membrane surface and enhances D1 receptor-mediated cAMP accumulation via a SNARE-dependent mechanism.
Furthermore, overexpression of mini-genes encoding either NR1 or D1 carboxyl tail fragments disrupts the D1–NR1 direct protein–protein interaction and abolishes
NMDA-induced changes in both D1 cell surface expression and D1-mediated cAMP accumulation. Our results demonstrate that the D1–NR1 physical interaction enables
NMDA receptors to increase plasma membrane insertion of D1 receptors and provides a novel mechanism by which the activation of NMDA receptors upregulates D1
receptor function. Understanding the molecular mechanisms by which D1 and NMDA receptors functionally interact may provide insight toward elucidating the molecular
neurobiological mechanisms involved in many neuropsychiatric illnesses, such as schizophrenia.
The Journal of Neuroscience, February 4, 2004 • 24(5):1149 –1158

Olfactory Bulb Glomeruli: External Tufted Cells Intrinsically Burst at Theta Frequency and Are
Entrained by Patterned Olfactory Input

Abdallah Hayar, Sergei Karnup, Michael T. Shipley, and Matthew Ennis
Department of Anatomy and Neurobiology, Program in Neuroscience, University of Maryland, Baltimore, Maryland 21201

Glomeruli, the initial sites of synaptic processing in the olfactory system, contain at least three types of neurons collectively referred to as juxtaglomerular (JG) neurons. The
role of JG neurons in odor processing is poorly understood. We investigated the morphology, spontaneous, and sensory-evoked activity of one class of JG neurons, external
tufted (ET) cells, using whole-cell patch-clamp and extracellular recordings in rat olfactory bulb slices. ET cells have extensive dendrites that ramify within a single
glomerulus or, rarely, in two adjacent glomeruli. All ET neurons exhibit spontaneous rhythmic bursts of action potentials (�1– 8 bursts/sec). Bursting is intrinsically
generated; bursting persisted and became more regular in the presence of ionotropic glutamate and GABA receptor antagonists. Burst frequency is voltage dependent;
frequency increased at membrane potentials depolarized relative to rest and decreased duringAQ: A membrane potential hyperpolarization. Spontaneous bursting
persisted in blockers of calcium channels that eliminated low-threshold calcium spikes (LTS) in ET cells. ET cells have a persistent sodium current available at membrane
potentials that generate spontaneous bursting. Internal perfusion with a fast sodium channel blocker eliminatedAQ: B spontaneous bursting but did not block the LTS.
These results suggest that persistent sodium channels are essential for spontaneous burst generation in ET cells. ET cell bursts were entrained to ON stimuli delivered over
the range of theta frequencies. Thus, ET cells appear to be tuned to the frequency of sniffing.
The Journal of Neuroscience, February 4, 2004 • 24(5):1190 –1199

Dopamine and Glutamate Control Area-Restricted Search Behavior in Caenorhabditis elegans

Thomas Hills, Penelope J. Brockie, and Andres V. Maricq
Department of Biology, University of Utah, Salt Lake City, Utah 84112-0840

Area-restricted search (ARS) is a foraging strategy used by many animals to locate resources. The behavior is characterized by a time-dependent reduction in turning
frequency after the last resource encounter. This maximizes the time spent in areas in which resources are abundant and extends the search to a larger area when resources
become scarce. We demonstrate that dopaminergic and glutamatergic signaling contribute to the neural circuit controlling ARS in the nematode Caenorhabditis elegans.
Ablation of dopaminergic neurons eliminated ARS behavior, as did application of the dopamine receptor antagonist raclopride. Furthermore, ARS was affected by
mutations in the glutamate receptor subunits GLRAQ: A-1 and GLR-2 and the EAT-4 glutamate vesicular transporter. Interestingly, preincubation on dopamine restored
the behavior in worms with defective dopaminergic signaling, but not in glr-1, glr-2, or eat-4 mutants. This suggests that dopaminergic and glutamatergic signaling function
in the same pathway to regulate turn frequency. Both GLR-1 and GLR-2 are expressed in the locomotory control circuit that modulates the direction of locomotion in
response to sensory stimuli and the duration of forward movement during foraging. We propose a mechanism for ARS in C. elegans in which dopamine, released in response
to food, modulates glutamatergic signaling in the locomotory control circuit, thus resulting in an increased turn frequency.
The Journal of Neuroscience, February 4, 2004 • 24(5):1217–1225

Ca2� Syntillas, Miniature Ca2� Release Events in Terminals of Hypothalamic Neurons, Are
Increased in Frequency by Depolarization in the Absence of Ca2� Influx

Valérie De Crescenzo,1 Ronghua ZhuGe,1,2 Cristina Velázquez-Marrero,1 Lawrence M. Lifshitz,1,2 Edward Custer,1

Jeffrey Carmichael,2 F. Anthony Lai,3 Richard A. Tuft,1,2 Kevin E. Fogarty,1,2 José R. Lemos,1 and John V. Walsh Jr1
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Massachusetts Medical School, Worcester, Massachusetts 01605, and 3 Wales Heart Research Institute, University of Wales College of Medicine, Cardiff
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Localized, brief Ca 2� transients (Ca 2� syntillas) caused by release from intracellular stores were found in isolated nerve terminals from magnocellular hypothalamic
neurons and examined quantitatively using a signal mass approach to Ca 2� imaging. Ca 2� syntillas (scintilla, L., spark, from a synaptic structure, a nerve terminal) are
caused by release of �250,000 Ca ions on average by a Ca 2� flux lasting on the order of tens of milliseconds and occur spontaneously at a membrane potential of �80 mV.
Syntillas are unaffected by removal of extracellular Ca 2�, are mediated by ryanodine receptors (RyRs) and are increased in frequency, in the absence of extracellular Ca 2�,
by physiological levels of depolarization. This represents the first direct demonstration of mobilization of Ca 2� from intracellular stores in neurons by depolarization
without Ca 2� influx. The regulation of syntillas by depolarization provides a new link between neuronal activity and cytosolic [Ca 2�] in nerve terminals.
The Journal of Neuroscience, February 4, 2004 • 24(5):1226 –1235
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KCNQ2 Is a Nodal K� Channel

Jérôme J. Devaux,1 Kleopas A. Kleopa,1,2 Edward C. Cooper,1* and Steven S. Scherer1*
1Department of Neurology, University of Pennsylvania Medical Center, Philadelphia, Pennsylvania 19104-6077, and 2The Cyprus Institute of Neurology and

Genetics, 1683 Nicosia, Cyprus

Mutations in the gene encoding the K � channel KCNQ2AQ: C cause neonatal epilepsy and myokymia, indicating that KCNQ2 regulates the excitability of CNS neurons and
motor axons, respectively. We show here that KCNQ2 channels are functional components of axon initial segments and nodes of Ranvier, colocalizing with ankyrin-G and
voltage-dependent Na � channels throughout the CNS and PNS. Retigabine, which opens KCNQ channels, diminishes axonal excitability. Linopirdine, which blocks KCNQ
channels, prolongs the repolarization of the action potential in neonatal nerves. The clustering of KCNQ2 at nodes and initial segments lags that of ankyrin-G during
development, and both ankyrin-G and KCNQ2 can be coimmunoprecipitated in the brain. KCNQ3 is also a component of some initial segments and nodes in the brain. The
diminished activity of mutant KCNQ2 channels accounts for neonatal epilepsy and myokymia; the cellular locus of these effects may be axonal initial segments and nodes.
The Journal of Neuroscience, February 4, 2004 • 24(5):1236 –1244

DEVELOPMENT/PLASTICITY/REPAIR

Ephrin-A5 Exerts Positive or Inhibitory Effects on Distinct Subsets of EphA4-Positive Motor
Neurons

Johann Eberhart,1 Jason Barr,1 Sinead O’Connell,1 Alleda Flagg,1 Mary E. Swartz,1 Karina S. Cramer,2

Kathryn W. Tosney,3 Elena B. Pasquale,4 and Catherine E. Krull1
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Eph receptor tyrosine kinases and ephrins are required for axon patterning and plasticity in the developing nervous system. Typically, Eph– ephrin interactions promote
inhibitory events; for example, prohibiting the entry of neural cells into certain embryonic territories. Here, we show that distinct subsets of motor neurons that express
EphA4 respond differently to ephrin-A5. EphA4-positive LMC(l) axons avoid entering ephrin-A5-positive hindlimb mesoderm. In contrast, EphA4-positive MMC(m) axons
extend through ephrin-A5-positive rostral half-sclerotome. Blocking EphA4 activation in MMC(m) neurons or expanding the domain of ephrin-A5 expression in the somite
results in the aberrant growth of MMC(m) axons into the caudal half-sclerotome. Moreover, premature expression of EphA4 in MMC(m) neurons leads to a portion of their
axons growing into novel ephrin-A5-positive territories. Together, these results indicate that EphA4-ephrin-A5 signaling acts in a positive manner to constrain MMC(m)
axons to the rostral half-sclerotome. Furthermore, we show that Eph activation localizes to distinct subcellular compartments of LMC(l) and MMC(m) neurons, consistent
with distinct EphA4 signaling cascades in these neuronal subpopulations.
The Journal of Neuroscience, February 4, 2004 • 24(5):1070 –1078

A Novel cAMP-Dependent Pathway Activates Neuronal Integrin Function in Retinal Neurons

Jonathan K. Ivins, Melissa K. Parry, and Dorothy A. Long
Department of Neurosurgery, University of Texas Health Science Center at Houston, Houston, Texas 77030

Retinal neurons lose the ability to attach to and extend neurites on substrata of laminin-1 (LN-1) during late embryogenesis, in a time frame that corresponds to target
innervation. Although this developmental loss correlates with a modest downregulation of integrin expression, we have shown previously that these neurons use the same
laminin-binding integrins for outgrowth on other laminin isoforms to which responsivity has not been lost (Ivins et al., 1998), suggesting that integrin functional states may
be a critical point of regulation. Consistent with this view, expression of an activated mutant of R-ras, an activator of integrin function, restores integrin-dependent
outgrowth of late embryonic retinal neurons on LN-1 (Ivins et al., 2000). Because cyclic nucleotides have been implicated in the regulation of integrin function in
non-neuronal cells, as well as in the regulation of growth cone responses to various axon growth inhibitors, we asked whether raising cAMP levels in late embryonic retinal
neurons could activate neuronal integrin function and restore neurite outgrowth on LN-1. We find that, similar to R-ras expression, raising cAMP levels in these neurons
promotes �6�1 integrin-dependent neurite outgrowth. Surprisingly, these effects of cAMP are independent of protein kinase A and theAQ: A EPAC (exchange protein
directly activated by cAMP)/Rap pathway and suggest the existence of a novel cAMP-dependent mechanism.
The Journal of Neuroscience, February 4, 2004 • 24(5):1212–1216
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Pax6 and Engrailed 1 Regulate Two Distinct Aspects of Renshaw Cell Development

Tamar Sapir,1 Eric J. Geiman,1,2 Zhi Wang,3 Tomoko Velasquez,1 Sachiko Mitsui,4 Yoshihiro Yoshihara,4 Eric Frank,3

Francisco J. Alvarez,2 and Martyn Goulding1

1Molecular Neurobiology Laboratory, The Salk Institute, La Jolla, California 92037, 2Department of Anatomy, Wright State University, Dayton, Ohio 45435,
3Department of Neurobiology, University of Pittsburgh, Pittsburgh, Pennsylvania 15261, and 4Laboratory for Neurobiology of Synapse, The Institute of

Physical and Chemical Research (RIKEN) Brain Science Institute, Wako, Saitama 351-0198, Japan

Many of the interneuron cell types present in the adult spinal cord contribute to the circuits that control locomotion and posture. Little is known, however, about the
embryonic origin of these cell types or the molecular mechanisms that control their differentiation. Here we provide evidence that V1 interneurons (INs), an embryonic
class of interneurons that transiently express the En1 transcription factor, differentiate as local circuit inhibitory interneurons and form synapses with motor neurons.
Furthermore, we show that a subset of V1 INs differentiates as Renshaw cells, the interneuronal cell type that mediates recurrent inhibition of motor neurons. We analyze
the role that two V1 IN-related transcription factor genes play in Renshaw cell development. Pax6 ( paired box gene 6) is necessary for an early step in Renshaw cell
development, whereas Engrailed 1 (En1), which is genetically downstream of Pax6, regulates the formation of inhibitory synapses between Renshaw cells and motor
neurons. Together, these results show that Pax6 and En1 have essential roles in establishing the recurrent inhibitory circuit between motor neurons and Renshaw cells.
The Journal of Neuroscience, February 4, 2004 • 24(5):1255–1264
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A New Rat Model of the Human Serial Reaction Time Task: Contrasting Effects of Caudate and
Hippocampal Lesions

Michael A. Christie1 and John C. Dalrymple-Alford2
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Massachusetts 02129, and 2Christchurch Brain Research Group, Department of Psychology, University of Canterbury, Private Bag 4800, Christchurch,
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There is often little correspondence between human and animal examples of nondeclarative memory. The serial reaction time task (SRT) is a sequence learning example of
human nondeclarative memory that may be suitable for development as an animal model. The SRT is believed to be impaired by basal ganglia, not limbic system damage,
but there is uncertainty whether limbic system pathology does in fact leave the SRT unimpaired. We therefore developed a new rat model that closely approximated the
human SRT, using intracranial self-stimulation to promote rapid continuous responding to four adjacent nose pokes in a single test session. Intact rats that experienced
repeated sequences demonstrated robust interference effects when switched to a random sequence of cued responses (at 4-, 8-, and 12-sequence lengths), unlike intact
controls that experienced the random sequences only. The interference effect in the human task is a key measure for nondeclarative sequence learning. Rats with dorsal
caudate lesions that experienced massed sequence repetitions showed an interference effect at the four-sequence length only. By contrast, rats with dorsal hippocampal
lesions showed an interference effect at all sequence lengths. This new rat SRT model clarifies the basal ganglia–limbic system dichotomy suggested by human work.
The Journal of Neuroscience, February 4, 2004 • 24(5):1034 –1039

Dopaminergic Modulation of Prefrontal Cortical Input to Nucleus Accumbens Neurons In Vivo

Anne Marie Brady and Patricio O’Donnell
Center for Neuropharmacology and Neuroscience, Albany Medical College, Albany, New York 12208

Dopaminergic transmission in the nucleus accumbens has been proposed to modulate the effects of converging excitatory inputs from the cortex, hippocampus, and
amygdala. Here, we used in vivo intracellular recording in anesthetized rats to examine the response of nucleus accumbens neurons to stimulation of the prefrontal cortex
(PFC)AQ: A and the ventral tegmental area (VTA). The EPSP elicited in accumbens neurons by PFC stimulation was attenuated by VTA train stimulation in a pattern
mimicking dopamine cell burst firing. PFC-elicited EPSPs were smaller in amplitude and faster to decay after VTA stimulation. These changes could not be explained by
membrane depolarization alone, because EPSPs evoked during the sustained depolarization after VTA stimulation were significantly smaller than EPSPs evoked during
spontaneously occurring up states.AQ: B Furthermore, no attenuation of PFC-elicited responses was observed during depolarization produced by positive current injection
through the recording electrode. Administration of a D1 antagonist (SCH 23390;AQ: C 0.5 mg/kg, i.p.) had no effect on the VTA reduction of PFC-elicited responses, whereas
administration of a D2 antagonist (eticlopride; 0.5 mg/kg, i.p.) reversed the reduction of PFC inputs when the analysis was limited to comparisons with spontaneous up
states. These results suggest that the ability of PFC inputs to drive accumbens neurons is dampened by dopamine acting primarily at D2 receptors. Along with previous
reports of dopaminergic attenuation of limbic afferents to the accumbens, these findings support the hypothesis that dopamine mediates the selection and integration of
excitatory inputs and thus shapes information processing in accumbens output neurons.
The Journal of Neuroscience, February 4, 2004 • 24(5):1040 –1049

http://www.jneurosci.org/cgi/content/full/24/5/1255
http://www.jneurosci.org/cgi/content/full/24/5/1034
http://www.jneurosci.org/cgi/content/full/24/5/1034
http://www.jneurosci.org/cgi/content/full/24/5/1040


Intracranial Self-Administration of Ethanol within the Ventral Tegmental Area of Male Wistar
Rats: Evidence for Involvement of Dopamine Neurons
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Previous work from our laboratory indicated that female Wistar rats will self-administer ethanol (EtOH) directly into the posterior ventral tegmental area (VTA). These
results suggested that VTA dopamine (DA) neurons might be involved in mediating the reinforcing actions of EtOH within this region. The objectives of this study were to
determine (1) the dose–response effects for the self-administration of EtOH into the VTA of male Wistar rats, and (2) the involvement of VTA DA neurons in the reinforcing
actions of EtOH within the VTA. Adult male Wistar rats were implanted stereotaxically with guide cannulasAQ: A aimed at the posterior or anterior VTA. After 1 week, rats
were placed in standard two-lever (active and inactive) experimental chambers for a total of seven to eight sessions. The first experiment determined the intracranial
self-administration of EtOH (0 – 400 mg%AQ: B) into the posterior and anterior VTA. The second experiment examined the effects of coadministration of the D2/3 agonist
quinpirole on the acquisition and maintenance of EtOH self-infusions into the posterior VTA. The final experiment determined the effects of a D2 antagonist (sulpiride) to
reinstate self-administration behavior in rats given EtOH and quinpirole to coadminister. Male Wistar rats self-infused 100 –300 mg% EtOH directly into the posterior, but
not anterior, VTA. Coadministration of quinpirole prevented the acquisition and extinguished the maintenance of EtOH self-infusion into the posterior VTA, and addition
of sulpiride reinstated EtOH self-administration. The results of this study indicate that EtOH is reinforcing within the posterior VTA of male Wistar rats and suggest that
activation of VTA DA neurons is involved in this process.
The Journal of Neuroscience, February 4, 2004 • 24(5):1050 –1057

Ventral Pallidal Representation of Pavlovian Cues and Reward: Population and Rate Codes

Amy J. Tindell, Kent C. Berridge, and J. Wayne Aldridge
Department of Psychology, University of Michigan, Ann Arbor, Michigan 48109

We recorded neural activity in the ventral pallidum (VP) while rats learned a pavlovian reward association. Rats learned to distinguish a tone that predicted sucrose pellets
(CS�) from a different tone that predicted nothing (CS�). Many VP units became responsive to CS�, but few units responded to CS�. When two CS� were encountered
sequentially, the earliest predictor of reward became most potent. Many VP units were also activated when the sucrose reward was received [unconditioned stimulus
(UCS)]. These VP units for UCS remained responsive to sucrose reward after learning, even when sucrose was already predicted by CS�. Neural representation of reward
learning and reward itself was characterized by population codes. The population of units that responded to CS� increased with learning, whereas the population that
responded to UCS did not change. A relative firing rate code also represented the identities of conditioned stimuliAQ: A and UCS. Firing rate differences among stimuli were
acquired early and remained stable during subsequent training, whereas population codes and behavioral conditioned responses continued to develop during subsequent
training. Thus, the VP makes use of dynamic CS population and rate codes to encode pavlovian reward cues in reward learning and uses stable UCS population and firing
codes to encode sucrose reward itself.
The Journal of Neuroscience, February 4, 2004 • 24(5):1058 –1069

L and M Cone Contributions to the Midget and Parasol Ganglion Cell Receptive Fields of
Macaque Monkey Retina

Lisa Diller,1 Orin S. Packer,1 Jan Verweij,1 Matthew J. McMahon,1 David R. Williams,2 and Dennis M. Dacey1
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Analysis of cone inputs to primate parvocellular ganglion cells suggests that red– green spectral opponency results when connections segregate input from long wavelength
(L) or middle wavelength (M) sensitive cones to receptive field centers and surrounds. However, selective circuitry is not an obvious retinal feature. Rather, cone receptive
field surrounds and H1 horizontal cells get mixed L and M cone input, likely indiscriminately sampled from the randomly arranged cones of the photoreceptor mosaic.
Red– green spectral opponency is consistent with random connections in central retina where the mixed cone ganglion cell surround is opposed by a single cone input to
the receptive field center, but not in peripheral retina where centers get multiple cone inputs. The selective and random connection hypotheses might be reconciled if cone
type selective circuitry existed in inner retina. If so, the segregation of L and M cone inputs to receptive field centers and surrounds would increase from horizontal to
ganglion cell, and opponency would remain strong in peripheral retina. We measured the relative strengths of L and M cone inputs to H1 horizontal cells and parasol and
midget ganglion cells by recording intracellular physiological responses from morphologically identified neurons in an in vitro preparation of the macaque monkey retina.
The relative strength of L and M cone inputs to H1 and ganglion cells at the same locations matched closely. Peripheral midget cells were nonopponent. These results suggest
that peripheral H1 and ganglion cells inherit their L and M cone inputs from the photoreceptor mosaic unmodified by selective circuitry.
The Journal of Neuroscience, February 4, 2004 • 24(5):1079 –1088
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Linearity of Cortical Receptive Fields Measured with
Natural Sounds

Christian K. Machens, Michael S. Wehr, and Anthony M. Zador
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724

How do cortical neurons represent the acoustic environment? This question is often addressed by probing with simple stimuli such as clicks or tone pips. Such stimuli have
the advantage of yielding easily interpreted answers, but have the disadvantage that they may fail to uncover complex or higher-order neuronal response properties. Here,
we adopt an alternative approach, probing neuronal responses with complex acoustic stimuli, including animal vocalizations. We used in vivo whole-cell methods in the rat
auditory cortex to record subthreshold membrane potential fluctuations elicited by these stimuli. Most neurons responded robustly and reliably to the complex stimuli in
our ensemble. Using regularization techniques, we estimated the linear component, the spectrotemporal receptive field (STRF), of the transformation from the sound (as
represented by its time-varying spectrogram) to the membrane potential of the neuronAQ: A. We find that the STRF has a rich dynamical structure, including excitatory
regions positioned in general accord with the prediction of the classical tuning curve. However, whereas the STRF successfully predicts the responses to some of the natural
stimuli, it surprisingly fails completely to predict the responses to others; on average, only 11% of the response power could be predicted by the STRF. Therefore, most of
the response of the neuron cannot be predicted by the linear component, although the response is deterministically related to the stimulus. Analysis of the systematic errors
of the STRF model shows that this failure cannot be attributed to simple nonlinearities such as adaptation to mean intensity, rectification, or saturation. Rather, the highly
nonlinear response properties of auditory cortical neurons must be attributable toAQ: B nonlinear interactions between sound frequencies and time-varying properties of
the neural encoder.
The Journal of Neuroscience, February 4, 2004 • 24(5):1089 –1100

Fast Remapping of Sensory Stimuli onto Motor Actions on the Basis of Contextual Modulation

Emilio Salinas
Department of Neurobiology and Anatomy, Wake Forest University School of Medicine, Winston-Salem, North Carolina 27157-1010

Higher organisms can establish complex associations between sensory events and motor responses. More remarkable than their complexity, however, is that the resulting
sensory-motor maps can be selectively interchanged. For example, a person who speaks English and Spanish can read aloud “con once, sin once,” going effortlessly from
one language to the other. What is the neural basis of this capacity? Here, a network model is presented in which multiple maps between sensory stimuli and motor actions
are possible, but only one of them, depending on behavioral context, is implemented at any given time. The key is a nonlinear representation in which the gain of sensory
responses is regulated by context information. Neuronal responses can indeed show variations in gain, as has been documented in the case of proprioceptive signals such
as eye and head position, which can modulate visually triggered activity. However, in contrast to these, the contextual cues used here need not bear any relationship to the
physical attributes of the stimuli; in particular, spatial location is irrelevant. The model thus postulates the existence of sensory neurons that are nonlinearly modulated by
arbitrary context signals, a plausible and testable prediction. The proposed mechanism allows a network of neurons to effectively change the functional connectivity
between its inputs and outputs and may partially explain how animals can quickly adapt their behavior to varying environmental conditions.
The Journal of Neuroscience, February 4, 2004 • 24(5):1113–1118

Differential Responses in Human Striatum and Prefrontal Cortex to Changes in Object and Rule
Relevance

Roshan Cools, Luke Clark, and Trevor W. Robbins
Department of Experimental Psychology, University of Cambridge, Cambridge, CB2 3EB, United Kingdom

Event-related functional magnetic resonance imaging was used to measure blood oxygenation level-dependentAQ: A responses in 16 young healthy human volunteers
during performance of an attentional switching task. The task allowed the separate investigation of lower-order switching between concrete objects and higher-order
switching between abstract task rules. Significant signal change in the ventral striatum was demonstrated on trials when subjects switched between objects but not when
subjects switched between abstract task rules. In contrast, signal change in the lateral prefrontal cortex (PFC) was observed during all switch trials. The switch-related
responses were not contaminated by task difficulty, because the greatest signal change was observed during the relatively easy switch trials, which required both lower-
order and higher-order switching at the same time. The present data suggest that mechanisms of inhibitory response control in frontostriatal systems are organized
according to distinct levels of abstraction. Specifically, the response selection computation carried by the ventral striatum, which projects to the orbitofrontal cortex and the
medial PFC, is restricted to the transformation of concrete stimulus exemplar information into motor responses, whereas the adaptive function of the lateral PFC extends
to the transformation of abstract task-rule representations into action.
The Journal of Neuroscience, February 4, 2004 • 24(5):1129 –1135

http://www.jneurosci.org/cgi/content/full/24/5/1089
http://www.jneurosci.org/cgi/content/full/24/5/1089
http://www.jneurosci.org/cgi/content/full/24/5/1113
http://www.jneurosci.org/cgi/content/full/24/5/1129
http://www.jneurosci.org/cgi/content/full/24/5/1129


Dynamics of Precise Spike Timing in Primary
Auditory Cortex

Mounya Elhilali, Jonathan B. Fritz, David J. Klein, Jonathan Z. Simon, and Shihab A. Shamma
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Although single units in primary auditory cortex (A1) exhibit accurate timing in their phasic response to the onset of sound (precision of a few milliseconds), paradoxically,
they are unable to sustain synchronized responses to repeated stimuli at rates much beyond 20 Hz. To explore the relationship between these two aspects of cortical
response, we designed a broadband stimulus with a slowly modulated spectrotemporal envelope riding on top of a rapidly modulated waveform (or fine structure). Using
this stimulus, we quantified the ability of cortical cells to encode independently and simultaneouslyAQ: A the stimulus envelope and fine structure. Specifically, by
reverse-correlating unit responses with these two stimulus dimensions, we measured the spectrotemporal response fields (STRFs) associated with the processing of the
envelope, the fine structure, and the complete stimulus. A1 cells respond well to the slow spectrotemporal envelopes and produce a wide variety of STRFs. In over 70% of
cases, A1 units also track the fine-structure modulations precisely, throughout the stimulus, and for frequencies up to several hundred Hertz. Such a dual response,
however, is contingent on the cell being driven by both fast and slow modulations, in that the response to the slowly modulated envelope gates the expression of the fine
structure. We also demonstrate that either a simplified model of synaptic depression and facilitation, and/or a cortical network of thalamic excitation and cortical inhibition
can account for major trends in the observed findings. Finally, we discuss the potential functional significance and perceptual relevance of these coexistent, complementary
dynamic response modes.
The Journal of Neuroscience, February 4, 2004 • 24(5):1159 –1172

Functional Magnetic Resonance Imaging Examination of Two Modular Architectures for
Switching Multiple
Internal Models
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An internal model is a neural mechanism that can mimic the input– output properties of a controlled object such as a tool. Recent research interests have moved on to how
multiple internal models are learned and switched under a given context of behavior. Two representative computational models for task switching propose distinct neural
mechanisms, thus predicting different brain activity patterns in the switching of internal models. In one model, called the mixture-of-experts architecture, switching is
commanded by a single executive called a “gating network,” which is different from the internal models. In the other model, called the MOSAIC (MOdular Selection And
Identification for Control), the internal models themselves play crucial roles in switching. Consequently, the mixture-of-experts model predicts that neural activities related
to switching and internal models can be temporally and spatially segregated, whereas the MOSAIC model predicts that they are closely intermingled. Here, we directly
examined the two predictions by analyzing functional magnetic resonance imaging activities during the switching of one common tool (an ordinary computer mouse) and
two novel tools: a rotated mouse, the cursor of which appears in a rotated position, and a velocity mouse, the cursor velocity of which is proportional to the mouse position.
The switching and internal model activities temporally and spatially overlapped each other in the cerebellum and in the parietal cortex, whereas the overlap was very small
in the frontal cortex. These results suggest that switching mechanisms in the frontal cortex can be explained by the mixture-of-experts architecture, whereas those in the
cerebellum and the parietal cortex are explained by the MOSAIC model.
The Journal of Neuroscience, February 4, 2004 • 24(5):1173–1181

Unique Neural Circuitry for Neonatal Olfactory Learning

Stephanie Moriceau and Regina M. Sullivan
Department of Zoology, University of Oklahoma, Norman, Oklahoma 73019

Imprinting ensures that the infant forms the caregiver attachment necessary for altricial species survival. In our mammalian model of imprinting, neonatal rats rapidly
learn the odor-based maternal attachment. This rapid learning requires reward-evoked locus ceruleusAQ: A (LC) release of copious amounts of norepinephrine (NE) into
the olfactory bulb. This imprinting ends at postnatal day 10 (P10)AQ: B and is associated with a dramatic reduction in reward-evoked LC NE release. Here we assess whether
the functional emergence of LC �AQ: C2 inhibitory autoreceptors and the downregulation of LC �1 excitatory autoreceptors underlie the dramatic reduction in NE release
associated with termination of the sensitive period. Postsensitive period pups (P12) were implanted with either LC or olfactory bulb cannulas, classically conditioned with
intracranial drug infusions (P14), and tested for an odor preference (P15). During conditioning, a novel odor was paired with either olfactory bulb infusion of a �-receptor
agonist (isoproterenol) to assess the target effects of NE or direct LC cholinergic stimulation combined with �2 antagonists and �1 agonists in a mixture to reinstate
neonatal levels of LC autoreceptor activity to assess the source of NE. Pups learned an odor preference when the odor was paired with either olfactory bulb isoproterenol
infusion or reinstatement of neonatal LC receptor activity. These results suggest that LC autoreceptor functional changes rather than olfactory bulb changes underlie
sensitive period termination.
The Journal of Neuroscience, February 4, 2004 • 24(5):1182–1189

http://www.jneurosci.org/cgi/content/full/24/5/1159
http://www.jneurosci.org/cgi/content/full/24/5/1159
http://www.jneurosci.org/cgi/content/full/24/5/1173
http://www.jneurosci.org/cgi/content/full/24/5/1173
http://www.jneurosci.org/cgi/content/full/24/5/1173
http://www.jneurosci.org/cgi/content/full/24/5/1182


Macaque Ventral Premotor Cortex Exerts Powerful Facilitation of Motor Cortex Outputs to
Upper Limb Motoneurons

H. Shimazu,1 M. A. Maier,2 G. Cerri,1 P. A. Kirkwood,1 and R. N. Lemon1

1Sobell Department of Motor Neuroscience and Movement Disorders, Institute of Neurology, University College London, London WC1N 3BG, United
Kingdom, and 2University Paris-VI and Paris-VII and Institut National de la Santé et de la Recherche Médicale U483, 75005 Paris, France

The ventral premotor area (F5) is part of the cortical circuit controlling visuomotor grasp. F5 could influence hand motor function through at least two pathways:
corticospinal projections and corticocortical projections to primary motor cortex (M1). We found that stimulation of macaque F5, which by itself evoked little or no
detectable corticospinal output, could produce a robust modulation of motor outputs from M1. Arrays of fine microwires were implanted in F5 and M1. During terminal
experiments under chloralose anesthesia, single stimuli delivered to M1 electrodes evoked direct (D) and indirect (I1 , I2 , and I3 ) corticospinal volleys. In contrast, single F5
shocks were ineffective; double shocks (3 msec separation) evoked small I waves but no D wave. However, when the test (T) M1 shock was conditioned (C) by single or double
F5 shocks, there was strong facilitation of I2 and I3 waves from M1, with C–T intervals of �1 msec. Intracellular recordings from 79 arm and hand motoneurons (MNs)
revealed no postsynaptic effects from single F5 shocks. In contrast, these stimuli produced a robust facilitation of I2 and I3 EPSPs evoked from M1 (60% of MNs); this was
particularly marked in hand muscle MNs (92%). Muscimol injection in M1 reduced I waves from F5 and abolished the F5-induced facilitation of late I waves from M1, and
of EPSPs associated with them. Thus, some motor effects evoked from F5 may be mediated by corticocortical inputs to M1 impinging on interneurons generating late
corticospinal I waves. Similar mechanisms may allow F5 to modulate grasp-related outputs from M1.
The Journal of Neuroscience, February 4, 2004 • 24(5):1200 –1211

NEUROBIOLOGY OF DISEASE

Acid-Sensing Ion Channel 2 Is Important for Retinal Function and Protects against Light-
Induced Retinal Degeneration

Mohamed Ettaiche,1 Nicolas Guy,1 Paul Hofman,2 Michel Lazdunski,1 and Rainer Waldmann1

1Institute of Molecular and Cellular Pharmacology, Centre National de la Recherche Scientifique, Unité Mixte de Recherche 6097, Sophia-Antipolis, 06560
Valbonne, France, and 2Faculty of Medicine, Institut National de la Santé et de la Recherche Médicale EPI 02–15, Immunité des Muqueuses et Vaccination,
06107 Nice Cedex, France

pH variations in the retina are thought to be involved in the fine-tuning of visual perception. We show that both photoreceptors and neurons of the mouse retina express the
H �-gated cation channel subunits acid-sensing ion channel 2a (ASIC2a) and ASIC2b. Inactivation of the ASIC2 geneAQ: B in mice leads to an increase in the rod
electroretinogram a- and b-waves and thus to an enhanced gain of visual transduction. ASIC2 knock-out mice are also more sensitive to light-induced retinal degeneration.
We suggest that ASIC2 is a negative modulator of rod phototransduction, and that functional ASIC2 channels are beneficial for the maintenance of retinal integrity.
The Journal of Neuroscience, February 4, 2004 • 24(5):1005–1012

NEUROBIOLOGY OF DISEASE

Efficacy of Rehabilitative Experience Declines with Time after Focal Ischemic Brain Injury

Jeff Biernaskie, Garry Chernenko, and Dale Corbett
Division of Basic Medical Sciences, Faculty of Medicine, Memorial University of Newfoundland, St. John’s Campus, Newfoundland, Canada A1B 3V6

To maximize the effectiveness of rehabilitative therapies after stroke, it is critical to determine when the brain is most responsive (i.e., plastic) to sensorimotor experience
after injury and to focus such efforts within this period. Here, we compared the efficacy of 5 weeks of enriched rehabilitation (ER)AQ: B initiated at 5 d (ER5), ER14, or ER30
after focal ischemia, as judged by functional outcome and neuromorphological change. ER5 provided marked improvement in skilled forelimb reaching ability and
ladder-rung- and narrow-beam-walking tasks and attenuated the stroke-induced reliance on the unaffected forepaw for postural support. ER14 provided improvement to
a somewhat lesser extent, whereas recovery was diminished after ER30 such that motor function did not differ from ischemic animals exposed to social housing.

To examine potential neural substrates of the improved function, we examined dendritic morphology in the undamaged motor cortex becauseAQ: C our previous work
(Biernaskie and Corbett, 2001) suggested that recovery was associated with enhanced dendritic growth in this region. ER5 increased the number of branches and complexity
of layer V neurons compared with both social housing and control animals. Dendritic arbor after ER14 (although increased) and ER30 did not differ from those exposed to
social housing. These data suggest that the poststroke brain displays heightened sensitivity to rehabilitative experience early after the stroke but declines with time. These
findings have important implications for rehabilitation of stroke patients, many of whom experience considerable delays before therapy is initiated.
The Journal of Neuroscience, February 4, 2004 • 24(5):1245–1254
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Yale University

Yale Section of Endocrinology seeks a
neuroscientist at the Assistant Professor level to
study the biological function of parathyroid
hormone-related protein (PTHrP) in the CNS and
PNS. The applicant should be fully trained in
neuroscience, optimally in the area of the
neuromodulatory effects of biologically active
peptides. The applicant should be proficient in
e lec t rophys io logica l ,  b iochemica l ,  and
molecular/cellular techniques and is expected to
develop an independent research program. A broad
general biological background is desirable.
Interested candidates should forward their
curriculum vitae, a summary of research
background/interests/expertise, and three letters of
reference to:

Arthur E. Broadus, M.D., Ph.D.
Section of Endocrinology

Department of Internal Medicine
PO Box 208020, New Haven, CT 06520-8020

or (ann.decosta@yale.edu) by March 4, 2004.

Yale University is an Affirmative Action/Equal
Opportunity Employer. Applications from qualified

women and members of minority groups are encouraged.

Spinal Cord Injury Funding Opportunity

The Christopher Reeve Paralysis Foundation (CRPF)
announces its Translational Research Fund (TRF) to

support the testing, development, and application of evidence-
based interventions with high likelihood of clinical

improvement in the functioning of spinal cord injured
individuals.  Based on rigorous peer review, only

extraordinarily promising and meritorious research framed by
measurable goals and milestones will be considered for

funding.

The TRF, $5 million fund, is intended to support projects
larger than those funded through CRPF’s traditional

mechanisms.  It is anticipated that projects supported by the
TRF could range from $300,000 to $1 - $2M total over three
years.  Application involves two steps:  (i) submission of a

Letter of Intent, and (ii) if invited, submission of a full
proposal.  Deadlines for the Letter of Intent are October 1 and

April 1.

The TRF is open to American and foreign applicants and to
for- and not-for-profit organizations.  Applicants must provide
evidence of compliance with all applicable U.S. standards and
must commit to the open sharing of all data, whether positive

or negative.

Program Description and Guidelines are posted at
http://www.christopherreeve.org/research/researchmain.cfm

DDDDoooo    YYYYoooouuuu    KKKKnnnnoooowwww    SSSSoooommmmeeeeoooonnnneeee    WWWWhhhhoooo    HHHHaaaassss    MMMMaaaaddddeeee    SSSSiiiiggggnnnniiiiffffiiiiccccaaaannnntttt    CCCCoooonnnnttttrrrriiiibbbbuuuuttttiiiioooonnnnssss    ffffoooorrrr    BBBBiiiioooommmmoooolllleeeeccccuuuullllaaaarrrr    RRRReeeesssseeeeaaaarrrrcccchhhh????
IIIIffff    ssssoooo,,,,    ccccoooonnnnssssiiiiddddeeeerrrr    nnnnoooommmmiiiinnnnaaaattttiiiinnnngggg    tttthhhheeeemmmm    ffffoooorrrr    tttthhhheeee    2222000000004444    GGGGiiiillllllll    CCCCeeeennnntttteeeerrrr    AAAAwwwwaaaarrrrdddd    ffffoooorrrr    OOOOuuuuttttssssttttaaaannnnddddiiiinnnngggg    CCCCoooonnnnttttrrrriiiibbbbuuuuttttiiiioooonnnnssss    ttttoooo
BBBBiiiioooommmmoooolllleeeeccccuuuullllaaaarrrr    RRRReeeesssseeeeaaaarrrrcccchhhh....

The inaugural award will recognize an individual who has emerged as a leader in his/her field by providing significant
research at the cellular, membrane or molecular levels, particularly as it pertains to neuroscience.
The 2004 Gill Center Award will be presented April 5, 2004 at the Biomolecular Reception held at the Gill Center on the
Bloomington campus of Indiana University.  A monetary prize of $25,000 and a commemorative plaque will be
presented to the award recipient. In turn, the recipient will give a guest lecture on their research at the reception.  The
award winner will be announced in prominent scientific publications. 
Nominations should contain a curriculum vitae and a brief account that highlights the major contributions.  Please
submit nominations to:

George V. Rebec, Ph.D.
Gill Center for Biomolecular Science

Myers Hall, Rm 140
Bloomington, IN  47405

E-mail:  IUneuron@indiana.edu

Deadline for submission is March 1, 2004
Steering Committee
George V. Rebec, Ph.D., Indiana University Milos V. Novotny, Ph.D., Indiana University
Jack Gill, Ph.D., Harvard University William M. Saxton, Ph.D., Indiana University
Robert de Ruyter van Steveninck, Ph.D., Indiana University Roderick A. Suthers, Ph.D., Indiana University
Michael Vasko, Ph.D., Indiana University Medical School Richard DiMarchi,, Ph.D., Indiana University
Linda B. Buck, Ph.D., Howard Hughes Medical Institute Steven M. Paul, M.D., Eli Lilly & Company
Peter W. Kalivas, Ph.D., Medical University of South Carolina Darryle D. Schoepp, Ph.D., Eli Lilly & Company
Phil Skolnick, Ph.D., DOV Pharmaceutical, Inc.
Mark Jude Tramo, M.D., Harvard Medical School & Massachusetts General Hospital



Frontiers in Addiction Biology: Genomics and Beyond
May 23-26, 2004

Vanderbilt University, Nashville, Tennessee

This small, intimate meeting will bring together young
investigators and world leaders in addiction research to
discuss the most recent advances in the neurobiology of

reward and addiction.

Organizers:  Elaine Sanders-Bush, PhD, Randy Blakely, PhD,
and Ariel Deutch, PhD; Vanderbilt University

Keynote:  Paul Greengard, PhD; Rockefeller University

Confirmed speakers:
Hans Breiter, MD
MGH-NMR Center
Marc Caron, PhD

Duke University Medical Center
John C. Crabbe, PhD

Oregon Health and Science University
John A. Dani, PhD

Baylor College of Medicine
Glen R. Hanson, PhD, DDS

University of Utah
Ulrike Heberlein, PhD

University of California, San Francisco
Mary Jeanne Kreek, MD

Rockefeller University
David Lovinger, PhD

National Institute on Alcohol Abuse and Alcoholism
Bertha Madras, PhD

New England Primate Research Center
Robert Malenka, MD, PhD

Stanford University School of Medicine
Joe L. Martinez, Jr., PhD

University of Texas at San Antonio
Eric J. Nestler, MD, PhD

University of Texas Southwestern Medical Center at Dallas
George Uhl, MD, PhD

Johns Hopkins University School of Medicine
Mark von Zastrow, MD, PhD

University of California, San Francisco

Session topics include:
Genetic Vulnerability in Alcohol Abuse

Human Genetics and Risk Factors
Neuroadaptations in Drug Abuse

Neural Correlates of Psychostimulant Abuse
Molecular/Cellular Targets of Drugs of Abuse

Workshop topics include:
Cellular Imaging of Psychostimulant Targets

Models of Drug Abuse
Imaging: From Human to Mouse

For more information, or to register, visit
http://medschool.mc.vanderbilt.edu/vusc

Poster sessions and short talks from submitted abstracts.
CME credit will be available.  Space is limited.

Vanderbilt University Summer Conferences
320 Light Hall

Nashville, TN  37232-0260
615-322-0672 (ph.)
615-322-4526 (fx.)

cme@vanderbilt.edu
http://medschool.mc.vanderbilt.edu/vusc




