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1. CEREBELLUM AND THE NEURAL SUBSTRATES OF ASSOCIATIVE LEARNING

Vlastislav Bracha (Barrow Neurological Institute, Phoenix, AZ)

Classical conditioning of the eyeblink response in the
rabbit is one of the best understood models of learning and
memory. The presentation will focus on the current advances
in understanding the role of intermediate cerebellum-related
circuits in learning and performing anticipatory protective
responses. The data will illustrate our approach which
combines research in two animal models and in human
subjects. The objective of this approach is to examine the
functionality of the involved circuits in animal models and
then to examine the applicability of the acquired knowledge
to humans.

The first part of the presentation will demonstrate that
classical conditioning of the eyeblink response in the rabbit is
under the control of intermediate cerebellum - related neural
circuits. An emphasis will be made on current strategies
used to elucidate the location of plastic changes which
underlie this form of learning.

The second part of the presentation will show that the

(2000.4.4)

circuits described in the rabbit eyeblink conditioning model are
multi-functional. They are involved in the control of anticipatory
protective responses in multiple effector systems (eyelids,
forelimb and hindlimb) in several mammalian species (rabbit,
cat and human). Moreover, these circuits seem to also be
involved in other forms of learning, for instance instrumental
conditioning.

The third part of the presentation will summarize our
human studies which confirm that the core of the knowledge
acquired using animal models closely corresponds to the
cerebellum's function in humans. These studies, which
employed unique experimental paradigms, were performed
in normal human subjects and in patients with lesions re-
stricted to the cerebellum. The presented data will demon-
strate that similar to the rabbit model, the acquisition,
retention and extinction of classically conditioned eyeblinks
in humans are cerebellum dependent.

(OCo:0 o0

2. How Muscle Works: Determining the Interaction of Myosin and Actin from Electron Cryo-microscopy

Rasmus R. Schroeder (Senior Researcher, Max-Planck-Institute of Medical Research,

Heidelberg, Germany)

In recent years large steps forward to the understanding
of muscle contraction- which is understood on the molecular
level as the interaction of the two protein players myosin and
actin-have been done. For both proteins the X-ray structures
are available, in the case of the motor protein myosin a
number of structures at different nucleotide states have also
been determined. Electron cryo-microscopy provides now
the means to determine the interaction of myosin with actin:
Reconstructions from frozen hydrated samples of actin
filaments decorated with myosin headsubfragment S1 are

used to dock the known molecular structures. By doing this

(2000.4.5)

one obtains a molecular model of the interaction complex.
Using energy filtering electron microscopy, advanced image
recording, and a new single particle image processing schemes
for helical objects is now possible to achieve a resolution better
than 200 for the acto-myosin complex. At this resolution first
conformational changes of myosin between the monomeric X-
ray structure and the docked interaction model are found. This
movement appears to account for the kinetically determined
difference between "weak" and "strong" binding.
(oooooo)
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3. Dendritic signaling pathways involved in cerebellar long-term synaptic depression

George J. Augustine (Duke University Medical Center)
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4. Repolarization-induced inhibition of Ca®*-induced Ca®" release in skeletal myotubes
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6. The Cognitive Neuroscience of Action

0220 (Dec, 2001)
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7. Recent observations on modulation of transmission in spinal neuronal networks.

Elzbieta Jankowska (Department of Physiology and Pharmacology,

Goteborg University, Sweden.)

Effects of neurones that modulate activity of spinal
neuronal networks appear to depend to a great extent on
properties of their target neurones. This is at least the case
of 5-HT and NA releasing descending tract neurones and
GABAergic interneurones in the cat, the former acting either
pre- or post-synaptically and the latter mediating presynaptic
inhibition, Our recent studies revealed considerable differences
in modulatory actions at the level of the 1st order relay neurons

in pathways from muscle spindle and tendon organ afferents:

(2000.6.19)

qualitative (facilitatory or depressive) as well as quantitative.
However, in the so far investigated networks modulatory actions
exerted at different sites are integrated to assure the best
operation of these networks. The disintegration of the 5-HT,
NA or GABA modulatory actions may accordingly explain some
of the motor deficits; their replacement could provide means
for the treatment.

ooooo ono)
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15. 00000000 O Molecular Control of Vertebrate Retinal Develpment
00O OO0 (The University of Texas Southwestern Medical Center for

Developmental Biology)
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16. The competition for cortical space and the consequences for the reorganizational plasticity of the auditory and

somatosensory cortex in musicians

C. Pantev (Center of Biomagnetism, Institute of Experimental Audiology,

University of Munster, Germany)

The lifelong ability to adapt to environmental needs is based
on the capacity of the central nervous system for plastic altera-
tions. In a series of neurophysiological experiments we studied
the impact of music and musical training in musicians on the
specific functional organization in auditory and somatosensory

representational cortex. In one such study subjects listened to

music from which one specific spectral frequency was removed.

This led to rapid and reversible adaptation of neuronal responses
in auditory cortex. Further experimental evidence demonstrated
that long years of practice and training by professional
musicians to achieve their aptitudes is associated with
enlarged cortical representations in the somatosensory and
auditory domains. This tuning of neuronal representations
was specifically observed for musical tones and was absent
when pure sinusoidal tones were used as stimuli. In the
somatosensory cortex plastic changes proved to be specific
for the fingers frequently used and stimulated. These changes
were not detected in the fingers of the hand that were not

involved in playing the particular instrument. Neuroplastic

(2000.9.1)

alterations also may be driven into a domain where they may
become maladaptive. The clinical syndrome of focal hand
dystonia that may occur in musicians who engage in forceful
practice may be one such consequence. We will discuss the
possibilities of reversing maladaptive responses leading to
the successful treatment of focal hand dystonia, which relies
on basic research about cortical reorganization. This example
elucidates how neuroscientific progress can guide the devel-
opment of practice guidelines and therapeutic measures for
the benefit of professional musicians.

Elbert T, Pantev C,et al (1995) Increased cortical represen-
tation of the fingers of the left hand in string players. Science
270: 305-307

Sterr A, Muller MM, Elbert T, Rockstroh B, Pantev C,
Taub E (1998) Perceptual correlates of changes in cortical
representation of fingers in blind multifinger Braille readers.
Nature 391: 134

Pantev C, Oostenveld R, Engelien A, Ross B, Raoberts LE,

Hoke M (1998) Increased auditory cortical representation in
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musicians. Nature 392:811-814
Sterr A, Muller M, Elbert T, Rockstroh B, Pantev C, Taub E

(1998) Perceptual correlates of changes in cortical represen-

tation of fingers in blind multifinger braille readers. J
Neurosci 18: 4417-4423
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17. Temporal and spatial interactions across the movement map in the superior colliculus

Robert H. Wurtz (National Institute of Health)

Spread across the intermediate layers of the monkey
superior colliculus is a map that represents the vectors for
the end point of an impending saccade. The experiments
described used simultaneous recordings at two locations on
this collicular map while the monkey selected between two
targets related to these locations. The neuronal activity was
particularly revealing during saccades that curved from one

target to the other; the activity was related to the trajectory

(2000.9.14)

of the saccade, not just the end point. The change in saccade
direction and the concomitant changes in the neuronal activity
may parallel the monkeys decision to move to one target
rather than the other. Further experiments use implanted
wires for recording at over a dozen sites on the map and
explore changes on the SC map following damage to it.
oooooooo)

18. New insight in the molecular organization of glutamate synapses.

Ole Peter Ottersen (Institute of basic medical sciences, University of Oslo, Norway)

I plan to speak about glutamate receptor immunolocalization

and will include our new data on freeze fracture immunogold

labelling. 1 also plan to discuss the synaptic handling of glutamate.

(2000.9.21)

In this context | will present some recent findings on the ex-
pression of glutaminase in central and peripheralsynapses.
ooooooon)

19. Cortical synaptic compartmentalisation as seen through the GABAergic innervation of hippocampal cells

Peter Somogyill Oxford Univeristy, UK)
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21. Improved immunohistochemical detection of glutamate receptor channels by protease pretreatment
00 ddooooooooo oooooo

In most excitatory neurons, ionotropic glutamate receptors
are concentrated on dendritic spines, and are associated with
various molecules constituting the postsynaptic density
(PSD). A number of studies have reported a somato-dendritic
pattern of immunohistochemical staining for a variety of
glutamate receptor subunits and their anchoring proteins. We
have noticed, however, that appropriate section pretreatment
with proteases, such as pepsin, has led to qualitative and
quantitative changes in light-microscopic immunchistochemical
detection of these molecules. Pepsin pretreatment lowers the
concentration of primary antibodies, while it greatly increases
the intensity of immunoreaction. Moreover, the intensified
immunoreactivities are detected as numerous tiny puncta in the
neuropil. The specificity is verified by spatial distribution

consistent with the mRNA, and also by negative staining in the

0J 2000.11.90

gene knockout brain. Based on these results, we conclude that
antibody access and binding to ionotropic glutamate receptors
and related PSD molecules are hindered by conventional
immunohistochemistry, and that pepsin pretreatment effectively
unmasks the postsynaptic epitopes.

Using this improved immunohistochemistry, we found
that a certain NR2 subunit is selectively excluded from the
stratum lucidum of the hippocampal CA3, where the induction
of LTP is independent of NMDA receptor activation. We have
also found that dendritic transport of NR2 subunits is impaired
without NR1 subunit, and vice versa. The latter finding
suggests that interaction of NR1 and NR2 subunits is essential
to normal dendritic transport and synaptic localization in the
brain in vivo.

ooooooon)

22. Saposin Ais an essential component for normal metabolism of galactosylceramide:

Analysis with gene targeting technology

Kunihiko Suzuki (Neuroscience Center, University of North Carolina)

Sphingolipid activator protein (SAP, prosaposin) gene
generates four homologous proteins (saps, saposins) that
activate in vivo degradation of sphingolipids with short
carbohydrate chains. Each is relatively specific with respect to
the sphingolipid it activates but some overlapping specificities
are also indicated. Human patients with point mutations in the
saposin B and C show phenotypes of metachromatic leuko-

dystrophy and Gaucher disease, indicating that their primary in

(2000.11.13)

Vivo substrates are sulfatide and glucosylceramide, respec-
tively. In addition, two mutations are known in humans that
result in complete inactivation of all four saposins and
prosaposin. Total saposin deficiency is a devastating disease with
involvement of multiple organs and multiple sphingolipids. We
earlier generated a mouse model of total saposin deficiency with
the gene targeting technology. The model closely mimics the

human disease. Experimental evidence exists to indicate that
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saposin A may be an activator for galactosylceramidase and
saposin D for ceramidase. Since no human diseases or animal
models due to specific defects of saposin A or D are known, we
decided to introduce mutations in these domains in order to
obtain definitive answers regarding the in vivo functions of
saposin A and D. To date, we have successfully generated mice
with an amino acid substitution in the saposin A domain.
The targeting vector was constructed using appropriate
mis-matched primers to introduce a mutation in exon 4 that
changed the 4th cysteine in saposin A to phenylalanine and
simultaneously to introduce a new restriction enzyme recognition
site for convenient genotyping. All saposins have six strictly
conserved cysteines. In humans a mutation in the 4th cysteine to
phenylalanine in saposin C causes specific saposin C deficiency
and a mutation of the 5th cysteine to serine in saposin B causes
specific saposin B deficiency. The critical feature of the targeting
vector was the Cre/ loxP system. The neomycin resistance (neo)
gene inserted within an intron was flanked by the loxP sequence.
This design allowed initial selection of targeted ES cells with
neomycin and subsequent removal of neo by transient transfection
with a Cre expression plasmid. Targeted ES cells after removal of
neo were injected into blastocysts and the standard procedures
followed to generate homozygous mice with the mutation.
Clinically, homozygous mice appeared completely normal
until about 45 days, at which time independent observers could
identify them by their slight sluggishness but only with careful

comparison with normal littermates. However, slowly progressive

hind leg weakness became apparent by 2.5 months. As the
weakness and atrophy of hind legs progressed, affected mice
stopped gaining weight. Twitching, prominently seen in twitcher
and other myelin mutants, was not obvious. Both males and
females were fertile, and mothers were able to raise their offspring
normally at least twice. At 50 days, there were occasional typical
globoid cells in the brain and spinal cord, and evidence of myelin
degeneration was evident in the PNS. Similar to twitcher mice,
there is a prominent accumulation of galactosylceramide in
the kidney and of the seminolipid precursor (1-alkyl,2-acyl,
galactosylglycerol) in the testis. In the brain, galactosylceramide
and monogalactosyldiglyceride may be slightly increased, but
this must be confirmed by more quantitative studies. Brain
psychosine level at 60 days was approximately three times normal
in contrast to the 15-fold increase in twitcher brain. These findings
not only confirm the earlier in vitro evidence by O Brien,
Wenger, Harzer and others that saposin A may be a
galactosylceramidase activator but also establish that it is in
fact essential for normal catabolism of galactosylceramide.
However, the metabolic block due to saposin A deficiency
appears less than complete because it causes a disease much
milder than the complete inactivation of galactosylceramidase
in the twitcher mouse. These findings may anticipate genetic
saposin A deficiency among human patients with undiagnosed
late-onset chronic leukodystrophy with normal Galactosyl-
ceramidase activity.
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26. Concurrent processing of alternative target locations in the superior colliculus leads to short inter saccadic

latencies and curved trajectories

Edward L. Keller (Smith-Kettlewell Eye Research Institute, San Francisco, USA)

Changes in the position of ocular fixation in a laboratory
environment in the monkey normally occur with inter saccade
intervals of 150 ms or greater. It has been reported by a
number of laboratories that when competing stimuli are
presented, two sequentially executed movements to different
goals can beseparated by much shorter intervals. We show
with a simple visual search paradigm that monkeys routinely

make saccades with inter saccade intervals less than 100 ms.

(2001.1.30)

Furthermore, the first saccade in this sequence is often
curved toward the competing vector of the closely following
movement. We recorded activity in the deeper layers of the
SC that can explain these observed behavioral results.
When the first saccade is made to a distractor followed
shortly by a saccade to the target, we observed maintained
activity during the first saccade at sites in the SC that

would normal code the retinotopically organized vectorfor a
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saccade directly to the target. Curved saccades made directly
to the target were associated with significant discharge just
before saccade onset. We hypothesize that maintained activity

at competing sites on the SC motor map allows parallel

programming of subsequent saccades thus shortening inter
saccadic intervals. Curved trajectories result from concurrent
activity at competing sites on the map.

(Coooo 0)

27. Spatiotemporal patterns of task-relevant neural activity in hippocampus

Robert Hampson (Wake Forest University)

The mammalian hippocampus is a key structure required
for the encoding of current experience as well as the retention
of past experience. Studies have shown that hippocampal
neurons alter their firing rates in response to both spatial and
nonspatial behavioral tasks. For many of these tasks, removal
of the hippocampus does not impair behavior, however, recent
results have demonstrated a short-term memory task that is
sensitive to partial or complete removal of the hippocampus or
adjacent brain areas.

Hippocampal neurons fire with specific patterns of
activity during different trials of this Delayed-Nonmatch-to-
Sample(DNMS) task. Analysis has shown that these neural
responses encode information corresponding to spatial and
nonspatial information within this task. Further, particular
patterns of firing on error trials indicate that this encoding
is critically related to the performance of such a short-term
memory task.

Hippocampal and subicular ensembles have been analyzed
and identified as to the type and content of DNMS task-
specific information encoded by each neuron. These Functional
Cell Types (FCTSs) reveal temporal and anatomical segregation
of encoding throughout hippocampus and dorsal subiculum.
The hippocampal FCTs encoded task Phase, response Position,
and combinations of factors as Conjunctive or Trial-type cells.
The hippocampal neurons corresponding to particular FCTs
are distributed anatomically into distinct segments along the
length of the hippocampus. Each longitudinal segment of
hippocampus contains clusters of neurons that become active

when the animal makes a response within a given spatial

(2001.2.5)

location (Position FCTs). Within these same segments are
ordered arrangements of neurons that encode the strictly
nonspatial aspects of the DNMS task (Phase FCTs) as well as
FCTs appropriate to the coincidence of both spatial and
nonspatial information (Conjunctive and Trial-type FCTS).

Further studies reveal a functional temporal segregation
of this same information across hippocampus and subiculum.
Subicular neurons have been classified with respect to four
Delay types and a Trial-type FCT. Combined with the
hippocampus, these subicular neurons encode information
throughout the temporal span of a given DNMS trial.
Information theoretic analysis of which FCTs were critical
for correct identification of behavioral events reveals that
DNMS task-critical information is shifted from hippocampus,
to dorsal subiculum, then back to hippocampus during a single
trial. Such sequential activation may account for the* memory”
for task events required for correct behavioral performance.

This temporal and anatomic segregation of spatial information,
together with the interleaved representation of nonspatial
information, reveals a structural framework to the hippocampal
formation that correlates to the information processed during a
behavioral task. Although conflicting views exist regarding the
role of hippocampus in representing spatial vs nonspatial
memory, these results suggest that the hippocampus and
surrounding brain areas process both types of information in a
similar manner to form a composite mapping of position, time,
and task-related events to facilitate the memory demands of the
behavioral task.

(00O0Oo0O 0O)

28. Intracellular trafficking of AMPA receptors in synaptic plasticity

Yu Tian Wang (Department of Laboratory Medicine and Pathobiology University of Toronto)
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Dynamic modification of the efficacy of synaptic transmission
between neurons in the brain is considered one of the essential
mechanisms underlying the development of neural circuitry,
learning and memory, and neuropathologies. In the last few
decades, different forms of synaptic modification (plasticity) have
been found throughout the mammalian central nervous system
(CNS). The most extensively studied examples of such synaptic
plasticity have been the long-term changes in synaptic efficacy
observed at the glutamatergic synapses of the CA1 region of the
hippocampus due to their potential roles in learning and memory.

High frequency stimulation of the Schaffer-collateral-
commissural pathway induces a long-term potentiation (LTP)
while prolonged lower frequency stimulation of the same
pathway causes a long-term depression (LTD) of synaptic
transmission at these synapses.

It is generally accepted that the induction of both LTP and
LTD at the CA1 synapse is postsynaptic and dependent upon
Ca?* influx through activated NMDA subtype glutamate
receptors. However, the mechanisms underlying the expression
of LTP and LTD remain hotly debated, and likely involve
both a presynaptic component via alteration of transmitter
release and a postsynaptic one through the modification of
AMPA subtype glutamate receptors.

Traditionally modifications of postsynaptic AMPA receptors

have been thought to be achieved mainly by altering the
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channel gating properties or conductance of the receptors.
However, recent studies from our laboratory and others have
provided substantial evidence suggesting that AMPA receptors
are continuously recycling between the plasma membrane and
the intracellular compartments via vesicle-fusion mediated
plasma membrane insertion and clathrin-dependent endocytosis.
Facilitating the vesicle- fusion dependent insertion of AMPA
receptors into postsynaptic membranes can lead to a rapid
increase in the number of postsynaptic AMPA receptors and
hence an enhanced synaptic transmission, and increased AMPA
receptor insertion does indeed appear to contribute to the
expression of homosynaptic hippocampal CAL LTP. Conversely,
upregulation of the clathrin-dependent endocytotic removal of
postsynaptic AMPA receptors results in a lasting reduction in
the receptor-mediated synaptic efficacy and plays a critical role in
the expression of certain forms of LTD, including hippocampal
CAl homosynaptic LTD. These results have allowed us to
formulate a simple and unified mechanism involving the rapid
addition or removal of functional AMPA receptors to and from
postsynaptic domains in the expression of both LTP/LTD. Thus,
controlling the number of postsynaptic receptors by regulating
their intracellular trafficking and plasma membrane expression
may be a common and important mechanism underlying
synaptic plasticity in the mammalian CNS.

(00OO0Oo0O 0O)

29. The molecular basis for experimental autoimmune demyelination; implication for multiple sclerosis

Claude C.A. Bernard (Neuroimmunology, La Trobe University)

Multiple Sclerosis (MS) is an inflammatory disease of the
central nervous system (CNS) which leads to selective
destruction of myelin sheaths and/or oligodendrocytes.
Clinically, different courses of the disease can be distinguished,
suggesting that different pathogenic mechanisms may be
operating in the formation of MS lesions. Although the etiology
and pathogenesis of MS remains largely unknown, it is
generally assumed that immune responses to myelin antigens
contribute to the disease process. The exact sequences of

events, as well as the molecular mediators that lead to myelin

(2001.2.6)

destruction have yet to be defined. While considerable
attention has been given to the T cell-mediated responses in
MS, it should be emphasized that primary demyelination could
also be mediated by autoantibodies. We have shown in Lewis
rats that a single injection of myelin oligodendrocyte
glycoprotein (MOG), a postulated target antigen in MS, produce
a relapsing-remitting neurological disease with extensive
demyelination reminiscent of MS. In these animals, the antibody
response was highly restricted to the immunizing antigen,

as no reactivity to other MOG peptides or myelin proteins
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could be detected. In additional studies we investigated the
encephalitogenicity of MOG in various strains of mice so as
to further analyze the relative contributions of Thl and Th2
cells in the disease process. An MS-like disease was induced
in NOD/Lt mice and in C57BL/6 mice by either MOG,
recombinant MOG or MOG35-55. The disease followed a
relapsing-remitting course in the NOD/Lt mice, whereas
C57BL/6 mice developed a chronic paralytic disease.
Morphological features of lesions in our models resemble
those observed in MS. Indeed, severe inflammation and
demyelination coincide with the peak of clinical episodes
while quiescent plaques characterize remissions. Furthermore,
axonal damage is evident from the earliest stage of the disease
and increases in severity with subsequent relapse. Significant
DTH type reactions to MOG were only seen in MOG-

susceptible animals. Such mice also showed specific antibody

responses to MOG35-55 but not to a panel of other MOG
peptides or to other CNS antigens. In the CNS of C57BL/6
mice, gene expression of both proinflammarory and
immunoregulatory cytokines increased during the course of
the disease, indicative of a mixed Thl/Th2 response to
MOG. Evidence that proinflammatory cytokines such as
IFN-y and TNF-a are not essential for the pathogenesis of
the MOG-induced disease was obtained using mice with
targeted disruption of these cytokines. These findings
support the notion that a synergistic effect between a T
cell-response and anti-MOG antibodies is important for the
development of severe demyelination. Furthermore, they
suggest that manipulation of the B cell arm of the immune
response may represent a novel therapeutic approach for
MS.
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31. Development of Binocular Connections in the Primary Visual Cortex (V1) of Macaque Monkeys.

Yuzo M. Chino  (Univ. Houston, College of Optometry)
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The binocular capacities of primates are severely limited
near birth. Stereopsis, a highly sensitive measure of the
functional status of binocular vision, is absent at birth, but
suddenly emerges around 4-6 weeks of age in subhuman
primates. Since many of the neural connections required for

stereopsis and vergence control are known to be largely
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determined by prenatal processes and functionally emerge
without extensive visual experience, this talk will explore
the neural factors that may constrain the emergence of
stereopsis shortly after birth in normal monkeys.
(Coooo oo)
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Because a subpopulation of glial cells seems to establish
boundary regions such as the roof plate of the spinal cord,
the optic chiasm, and the anterior commissure, it is most
likely that distinct subsets of glial cells play roles to generate

the specific cellular domains in the hindbrain as well. Glial

(2001.3.16)

intermediate filament proteins, vimentin and glial fibrillary
acidic protein, are extensively coexpressed in radial glia in
the developing Xenopus hindbrain and that subsequently two
proteins define distinct rhombomere domains: vimentin is

localized in radial glia at the rhombomere boundaries and
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glial fibrillary acidic protein expression is restricted in those
at the rhombomere center. Radial glia in the boundary regions
selectively retain expression of a four transmembrane surface
protein, DMg/M6b. This protein is very closely related to a
neuronal protein expressed on migrating axons, DMb/ M6a,
and is a gene product of the proteolipid protein gene family.
The localized expression of DMg/M6b on boundary region
radial glia may play a role in boundary definition and in

guidance of axonal emigration from the hindbrain. Moreover,

the cellular arrangement in the boundary regions differs from
that in the center regions; the boundary glia exhibit processes
which extend upward and are encircled by the cell processes
emanating from the central glia. These data suggest that an
early event in determining rhombomere topology may be the
specification of both morphologically and biochemically distinct
subsets of radial glia.

(oooooo)

34. Transgenic approaches to understanding oligodendrocyte survival and differentiation

Wendy B Macklin (Cleveland Clinic)

The long range goal of these studies is understanding the
molecular signals that regulate oligodendrocyte differentiation
and myelin formation. The focus is on the expression of the
myelin proteolipid protein (PLP)gene, which is primarily
expressed in myelinating oligodendrocytes. The PLP protein
and the closely related DM20 protein are the most abundant
proteins of the CNS myelin membrane. Animals were generated
using a PLP promoter-green fluorescent protein (GFP) transgene.
These animals express an early version of GFP, which is not as
strong as some of the more recent iterations of this transgene.
This has been quite useful in that the transgene is detectable only
in mature oligodendrocytes. Mature oligodendrocytes can be
FACS sorted, which has not been possible before, in order

to analyze gene expression in isolated, in vivo differentiated

35. Quantal synaptic transmission in CNS

(2001.3.19)

oligodendrocytes. These animals are an excellent model for adult
pathologies of oligodendrocyte function. Cultures from these
animals are particularly useful for establishing how to enhance
remyelination by mature oligodendrocytes. Additional transgenic
animals have been generated that express enhanced GFP (EGFP)
in oligodendrocytes and their progenitors at very high levels. All
stages of oligodendrocyte differentiation are visualized in these
mice, postnatally and in the embryo. Investigations on this
lineage will be discussed. In other studies on oligodendrocyte
differentiation, the mechanisms by which neuregulins enhance
survival of oligodendrocytes and their progenitors are being
analyzed, with a particular focus on the role of AKT in this
survival pathway.

(oooooo)

Nobutoshi HARATA (Stanford University School of Medicine)

At central synapses, quantal release of neurotransmitter
is generally regarded as an all-or-none process, whereby
presynaptic changes in synaptic strength arise only from
altered release probability, not from changes in the cleft
neurotransmitter concentration generated by unitary exocytotic
events. We looked for changes in cleft glutamate concentration
([glu]cleft) sensed by AMPA-type glutamate receptors at

hippocampal synapses in response to varying external Ca** or to
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paired- pulse modulation. Analysis of the effects of a rapidly
equilibrating AMPAR antagonist (gamma-DGG) was carried out
for populations of excitatory synapses in autaptic microcultures
or at single FM1-43- labeled boutons subjected to focal
stimulation. In all cases, [glu] cleft was significantly modified
in parallel with changes in release probability, whether
elicited by manipulating Ca**, by paired-pulse facilitation

(PPF), or paired-pulse depression (PPD). Modulation of



unitary event size was also directly observed in the absence of
antagonist. At single synapses displaying PPD, quantal responses
evoked by the second stimulation were significantly smaller than
quantal responses to the first stimulus, even in trials when the first
response was a failure. These results suggest that unitary release
event at hippocampal synapses is subject to extensive modulation.

One of the possible mechanisms is by way of modulation
of exocytosis kinetics. Neuroendocrine cells undergo a transient
form of exocytosis by way of fusion pore formation. If this
transient form exists also in mammalian central synapses,
the temporal range of exo-endocytosis would be expanded
considerably than currently thought, and would be a potential
site of modulation. We have developed a new approach to test
whether transient fusion pores are formed during exocytosis at
hippocampal synapses. We monitored the fluorescence of green
fluorescent protein (GFP), fused to the lumenal domain of the

vesicle protein VAMP (synaptobrevin-2), as it was quenched by
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bromphenol blue (BPB), present in the extracellular solution.
Only when the extracellular solution gained access to the vesicle
lumen, was BPB allowed to enter the vesicle and quench GFP
fluorescence. The rate of quenching was significantly faster in
the presence of 2 mM BPB than in 0.5 mM BPB. Because 0.5
and 2 mM BPB were shown to attain similar submaximal
quenching under a steady-state condition, these data suggest
that some vesicular population was only partially filled with 0.5
mM BPB during exocytosis. Based on simple diffusion model,
BPB filling time was calculated to be 4.1 msec for 0.5 mM
(extracellular) BPB, whereas it was 0.4 msec for 2 mM BPB,
strongly indicating a transient opening of fusion pore in the
millisecond time domain. These results point to a possible
presynaptic modulatory mechanism of quantal synaptic
transmission in CNS.

(00O0OoD oo)

36. Polarized trafficking, clustering and modulation of dendritic delayed rectifier Kv2 channels

James S. Trimmer (Department of Biochemistry and Cell Biology State University

of New York)
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