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4. Myelin Basic Protein - Functiional diversity generated by conformational adaptability,

modification, and microdomain targetting

George Harauz (University of Guelph, Molecular and Cellular Biology, and Biophysics Interdepartmental Group)

Myelin  basic protein (MBP) is a family of
developmentally-regulated proteins that arise from different
transcription start sites of the Golli (genes of the
oligodendrocyte lineage) gene complex, and by alternate
splicing to generate different isoforms. The best-studied
member of this family is the 18.5 kDa “classic” MBP, that is
preponderant in adult human and bovine myelin. Further
diversity of this MBP isoform is achieved by a plethora of
post-translational ~ modifications: ~ Nterminal  acylation,
methylation, deamidation, phosphorylation, ADP-ribosylation,
and deimination (the irreversible enzymatic conversion of
arginine to citrulline). These changes result in the cumulative
reduction of MBP’s net positive charge, and a protein
preparation from myelin can be separated by ion exchange
chromatography into a series of charge components or isomers
denoted C1 to C8. The least-modified form, C1, has a net
charge of +19 at neutral pH, and predominates in normal adult
myelin. The most-modified form, C8, has a net charge of +13 at
neutral pH and is primarily deiminated. Intermediate forms are
deamidated and phosphorylated. MBP is a candidate
autoantigen in multiple sclerosis (MS), in which the proportion
of the deiminated isoform C8 is increased. Interestingly, the

proportion of C8 is increased also in developing myelin in
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children less than 5 years of age. Structurally, MBP is a
highly-flexible and extended molecule of the emerging

“intrinsically-unstructured” or “conformationally adaptable”
class that is now known to comprise several hundred proteins,
including many involved in signalling. In other words, the
protein is designed to interact with numerous other molecules
via a “fly-casting” mechanism, that facilitates rapid association
with no loss of specificity.

The main function of the classic 18.5 kDa MBP is to hold
the cytoplasmic leaflets of the oligodendrocyte membrane
processes in close apposition, thus maintaining the structural
integrity of the myelin sheath. Charge reduction by
post-translational modification attenuates this interaction. In
particular, we have shown by electron paramagnetic
resonance (EPR) spectroscopy that a central immunodominant
epitope of MBP forms a surface-associated amphipathic
alpha-helix. Upon deimination of the protein to the C8 form,
this epitope becomes more exposed, and the carboxyterminus
becomes expelled from the membrane.

The classic 18.5 kDa MBP interacts with calmodulin, actin,
tubulin, clathrin, and phospholipase C, and we have shown
that several of these interactions are modulated by charge

reduction due to protein modification.



We have also recently found that phosphorylated MBP is
localised in detergent-resistant membrane microdomains in
adult myelin, whereas methylated and deiminated MBP are
found in bulk myelin. We are currently investigating the
pattern of MBP modification in two spontaneously
demyelinating transgenic mouse lines that are models for MS.
In one of these, the enzyme peptidylarginine deiminase II is
overexpressed under the control of the MBP promoter. The

characterisation of this mouse line will be presented.

Our studies thus support the conjecture that MBP functions
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also in signal transduction mechanisms involved in
cytoskeletal organisation. We postulate further that there is an
equilibrium amongst the classic charge isomers in adult
myelin, with deimination representing a means for protein
turnover, and methylation and phosphorylation representing a
means for modulating MBP’s interactions with actin, tubulin,
and other molecules. In MS, this equilibrium is shifted
towards deimination, resulting not only in instability of
myelin and its physical deterioration, but in disruption of

signalling pathways.
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7. The role of nectin-1 shedding in synaptogenesis: taking it off ?

Dr. Seung T. Lim (Research Assistant Professor, University of Rochester)

Nectin is a calcium-independent cell adhesion molecule,
localized to puncta adherentia junctions of the synapse.
Nectin-1 interacts with afadin, an actin-binding protein that
connects nectin to the actin cytoskeleton. This nectin-afadin
intercellular adhesion system plays a role in the formation of
synapses. Nectin-1 undergoes a regulated, multi-step set of
endoproteolytic cleavage events by several sheddases in an
activity-dependent manner. Our data indicates that these
events include b-secretase  and

multiple  process

intramembranous proteolytic processing mediated by BACE1
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and presenilin (PS)-dependent gamma- secretase respectively.
This event is analogous to amyloid precursor protein
processing. We have identified several amino acid residues
that are necessary for these cleavage events through
site-directed mutagenesis. Overexpression of these point-
mutant polypeptides in primary hippocampal neurons reveals
that ectodomain cleavage of nectin- 1 plays a role in
maintaining the morphology of dendritic spines and formation
of new synapses. In addition, our data also provides that

BACE]1 and PS-1 are synaptic modulators.
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8. Imaging synaptic function and plasticity in the neocortex

Karel Svoboda (Cold Spring Harbor Laboratory)

How do synaptic circuits change in response to novel
experience?

Optical techniques hold great promise for dissecting the
mechanisms of plasticity at the level of circuits and even

individual synapses. I will describe how we use laser scanning

(2005.7.4)

photostimulation to search for the loci of experience-dependent
plasticity in cortical circuits (i.e. the engram). We then use
long-term in vivo imaging to study the synaptic mechanisms of
plasticity.
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11. Approach for Synapse Competition: in vivo imaging

Jeff W. Lichtman (Harvard University)
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1. In vivo imaging of axonal degeneration and regeneration
in the injured spinal cord.

Nat Med. 2005 May;11(5):572-7.
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2. Axon branch removal at developing synapses by axosome
shedding.
Neuron. 2004 Nov 18;44(4):651-61.

3. Comment on "Reelin promotes peripheral synapse
elimination and maturation".
Science. 2004 Mar 26;303(5666)

4. Nerve-independent formation of a topologically complex
postsynaptic apparatus.
J Cell Biol. 2004 Mar 29;164(7):1077-87.

5. LTP: perils and progress.
Nat Rev Neurosci. 2003 Nov;4(11):926-9.

6. Synaptic dynamism measured over minutes to months:
age-dependent decline in an autonomic ganglion.
Nat Neurosci. 2003 Sep;6(9):956-60.

7. Genetic evidence that relative synaptic efficacy biases the
outcome of synaptic competition.
Nature. 2003 Jul 24;424(6947):430-4.
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15. Burst discharges in the basal ganglia of normal and parkinsonian monkeys
Thomas Wichmann CK[E Emory KZ2ESES  HEHIR)

Burst discharges are common in the primate basal ganglia,
and they become more prevalent in parkinsonism. In this talk,
the temporal structure of bursts, and the timing of neuronal
discharges that precede or follow them will be examined in
neuronal spike trains from the basal ganglia of awake normal

and parkinsonian Rhesus monkeys. The results demonstrate

(2005.9.12)

that such burst discharges are often embedded into predictable
spike sequences, and that the duration of bursts is related to
the length of inter-burst intervals. These interactions are
enhanced in parkinsonism, perhaps contributing to abnormal

information processing under these circumstances.
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16. Visual processing in developmental disorders: perinatal brain damage, Williams syndrome,

(REMERS L R RMFERLE | FEHOKIEE,

and refractive screening.

V4 )7 LREEE, RUBHTEEDE)

Dr. Oliver Braddick (Professor of Department of experimental Psychology, Univ. Oxford ,UK)

Because visual functions develop early in infancy, and
involve a largepart of the brain, they provide a unique window
on the developing human brain. We have used measures of
visual cortical function in the first months of life, including
orientation-specific evoked potentials and control of selective
attention, to study children at risk of perinatal brain damage,
either through adverse events when born at term or through
very premature birth. These early cortical measures are
found to be good predictors of later neurological outcome.
Later, from 3-5 years, tests which measure childrens visual
attention and the frontal control of visuospatial processing
provide sensitive indicators of subtle impairments which are
not usually apparent on conventional neurological and
psychological testing. We have studied a large cohort of
individuals with Williams syndrome(WS), a rare genetic
disorder with a characteristic deficit of spatial cognition and
relatively good production of language. Tests of global form
and motion thresholds, and of visuo-motor control, support
the idea that WS children and adults have a deficit of function

in the dorsal relative to the ventral cortical stream. Other

tests show deficits in the fronto-parietal systems that use

17. Local and global processing of form and motion

(2005.9.14)

spatial information for planning and executive control.
However, the dorsal stream vulnerability shown in measures
of motion coherence thresholds is not unique to WS but is also
evident in a wide range of neurodevelopmental disorders
including individuals with autism, fragile x, dyslexia,
hemiplegia, and perinatal brain damage with extremely
premature births.

In addition we have developed, photo and

videorefractors, new, safe, non-invasive paediatric
instruments to carry out screening on total infant populations
and identified significant refractive errors (near and far
sightedness and astigmatism) as precursors of common visual
disorders such as strabismus and amblyopia. From these
programmes , screening 9000 8-9 month old infants, we have
found that high hyperopia predicts poor vision at 4 years,
which ca be prevented in many cases by infant refractive
correction with the wearing of glasses. This hyperopic infant
group also show a range of subtle but significant deficits in
preschool and school entry visuo-motor, visuo-cognitive and
attentional tests. We will discuss the two-way relationships

between optical development and developing brain systems.

(1 ;@4 5iE)

: development and brain mechanisms.

(R EBEITDOVTORATE - KEBYIFRLE . FE B2 & NAEE)

Dr. Janette Atkinson, (Professor of Visual development Unit, department of Psycology, Univ. College London, UK)

Visual areas beyond V1/V2 have large receptive fields
which can integrate local information about contour
orientation (shape) and motion direction to extract larger scale
structure of the visual scene. The functions of these
higher-level ventral- and dorsal-stream systems can be tested
psychophysically through coherence thresholds for global
form and global motion stimuli. Our functional brain

imaging experiments show that global form and motion tests
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activate distinct, non-overlapping networks in extra-striate
visual areas. We have investigated the early development of
global processing in infants by behavioural testing and visual
event-related potentials. ~ These results show that, although
local processing of contour orientation develops before that of
motion direction in the first months of life, infants integrate
local motion signals to detect global structure almost as soon

as the local signals are available, whereas the integration of



global form information develops more gradually. However,
in middle childhood, form coherence thresholds attain adult
levels more rapidly than for motion, and global motion
thresholds are impaired in a wide range of neurodevelopmental

disorders. This phenomenon of dorsal stream vulnerability has

18. ERIZ K S MNERIEEEE L
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been identified in individuals with genetic disorders of
Williams syndrome, autism and fragile x, as well as in
children who have suffered perinatal brain damage leading to
hemiplegia, in those born extremely prematurely and in a

subset of dyslexics.
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20. Synchrony-dependent Propagation of Signals in In Vitro Neural

Alex Reyes (NewYork K

The manner in which neural signals are represented in
networks remains unclear. To examine experimentally how
signals are processed, a multilayer feed forward network of
neurons was reproduced in an in vitro slice preparation using
a computer-driven iterative procedure. When constant and
time-varying frequency inputs were delivered to the first layer
of the network, the firing of neurons in successive layers
became progressively more synchronous. Synchrony persisted

under a wide range of network configurations, suggesting that

21. BLENEBROMRMERIZEZ HE

W)
(2005.10.19)

synchrony is the default state of feed forward networks. The
fact that synchrony is so robust raises the problem of how to
limit its spread

throughout cortex. However, we find that the spread of
synchrony can be effectively confined by adding lateral
inhibition. These data coupled with the fact that frequency
information can be encoded by synchronous activity suggest
that synchrony provides a viable means of transmitting signals

in the central nervous system.
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22. Imaging action potential initiation in layer 5 pyramidal neurons using voltage sensitive dyes.

Lucy M. Palmer (Division of Neuroscience (Greg J Stuart lab) John Curtin School of Medical Research, Australian National

University, Canberra 0200 Australia)

The action potential (AP) is the fundamental electrical
signal used by neurons to relay information in the central
nervous system. Consequently, where APs are initiated has
important consequences for the processing and exchange of
information in the brain. Pioneering work in the 1950’s
suggested that APs are generated in the axon initial segment,
however, the precise location in the axon is not known. I will
present voltage imaging data illustrating that synaptically
evoked APs in cortical layer 5 pyramidal neurons are initiated
at an average axonal distance of 35 ?m from the soma. This
finding was supported by analyzing AP characteristics during

local application of a low sodium external solution at different

23. ITENELOMIEETILEMELTDA + 3

(2005.11.8)

locations along the axon, and after mechanically severing the
axon at different lengths. By labeling the oligodendrocyte
process that ensheathed the proximal region of the layer 5
pyramidal neuron axon, the site of AP initiation was
morphologically identified as the distal axon initial segment.
Since the initial segment receives a high density of inhibitory
synapses, we also investigated the impact local applications of
GABA to the axon initial segment. The site of AP initiation in
these experiments was identical to that observed under control
conditions, indicating that the site of AP initiation is robust

even under conditions of axonal inhibition.

CEE R

At%F ¥ (Peichel Lab, Division of Human Biology, Fred Hutchinson Cancer Research Center, Seattle, USA)
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27. Organization and Function of Visual Cortical Circuits
Edward Callaway (Systems Neurobiology Laboratories The Salk Institute for Biological Studies La Jolla, CA, U.S.A)

We have studied primary visual cortex (V1) to better
understand how neural circuits give rise to perception. We
have found that cortical circuits are extremely precise, such that
different neuron types, and even neighboring neurons of the
same type, are connected differently. For example, different
types of inhibitory neurons with overlapping dendritic arbors
receive connections from different cortical layers. And
neighboring excitatory neurons only receive common input
from the same presynaptic neurons in the minority of cases
when they are directly connected to each other.  This
fine-scale and cell type-specific organization implies that
studies of relationships between circuits and function should
match this level of organization. We have exploited differences
in the laminar projections within V1 of different types LGN

neurons to correlate these cell types with their functional
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properties. We find that red-green and blue-yellow color
opponent LGN neurons comprise parallel pathways that project
to different layers of V1, and neurons with blue-on versus
blue-off receptive fields project to distinct zones. To test
hypotheses about contributions of specific cell types to
neuronal responses and to perception, we have developed
methods to allow reversible inactivation of selected cell types in
primates. We find that expression of an insect neuropeptide
receptor which couples to GIRK channels can be used to
selectively, quickly, and reversibly eliminate the activity of
LGN or cortical neurons in vivo. Future application of these
methods will allow in vivo tests of the role of particular cell

types within the functioning cortical network.
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28. A closer examination of several extrinsic connections to inferotemporal cortex in macaque

Kathleen S. Rockland (BALFFZEFT  AMEMFHR

Bt v 2 —  REMELERFGE S v —T

BRI S — 2 T2 U — )

The connections to inferotemporal cortex are broadly
known, but it is still unclear 1) how these combine within a
functional architecture, and 2) how these might subserve
neuronal properties. In this seminar, [ will review and

re-examine several major extrinsic projection systems to this

(2005.12.7)

region (from amgydala, CA1, pulvinar, and early visual areas).
I will also discuss potential postsynaptic targets.

A main goal will be to review these individual components at
the single axon level, and raise questions about specialized

microcircuitry organization.

(Y - Ry EEE)

29. Synaptic plasticity regulated by stargazin-like TARPs

David S. Bredt (Department of Physiology, University of California at San Francisco)

Bredt #if2i3, v 7 AREIZBIT D —MILEFR DK
L Z OFE O THERE I D\ T OB 7= AR R
EZRTONZZ L TERATY, D%, Bredt BT,
stargazin % % ¥ TARP (transmembrane AMPA receptor
regulatory proteins) D& ENZ- DV TR IBICHFZE & D,
stargazin 75 AMPA SRR Z R EIZHEILSE L DICL
By CTh DI L, stargazin & PSD-95 OFHAEHRIC
£ 5T AMPA ZREN V7 AGEICE TN D = L%
EFHLMNMIENE LT, DI, HilL, stargazin 7 AMPA
SRET ¥ RVORREMIC L b > Tnd 2 & 2 RR
SNE LT, FEHTIIINOLOMENEZ TR TS
5 TETT,

2235 30K
(1) TARP gamma-8 controls hippocampal AMPA receptor
number, distribution and synaptic plasticity.

Nature Neurosci (2005) 8: 1525-1533.

30. REEITIILE S UEES KU GABAB ZARIKIZL B
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(2) Stargazin modulates AMPA receptor gating and
trafficking by distinct domains.
Nature (2005) 435: 1052-1058.

(3) Interaction with the unfolded protein response reveals a
role for stargazing in biosynthetic AMPA receptor
transport.

J Neurosci (2005) 25:1095-1102.

(4) Bidirectional synaptic plasticity regulated by phosphorylation

of stargazin-like TARPs.
Neuron (2005) 20: 269-277

(5) Stargazin is an AMPA receptor auxiliary subunit.
PNAS USA (2005) 102: 485-90.

(6) Dynamic interaction of stargazing-like TARPs with
cycling AMPA receptors at synapses.

Science (2004) 303: 1508-1511.
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34. Modulation by melatonin of information processing in the retina
¥ HER (Yang Xiong-Li) (FE R HEKRT #RAEWFOIIZET)

I will present some of our recent results, showing how
melatonin,a primary hormone orginally discovered in the
pineal gland, differentially modulates signal pathways of rod
and cone photoreceptors inthe outer retina. Our data show
that melatonin suppresses cone signal at the horizontal cell
level by activating the melatonin MT1 receptor, which in turn
reduces the intracellular concentration of ¢cGMP, but rod
signal at the bipolar cell level by activating the melatonin
MT2 receptor, which in turn increases the intracellular cGMP.
Such modulation caused by melatonin may be in part

responsible for circadian changes of retinal functions.

(2006.1.24)
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35. Carnitine transport in the male reproductive tract: A novel organic ion transporter

and its role in male reproduction

Chumpol Pholpramool (%, N> =2y 7, <t F—/ K% BTSRRI R
AR TS TOT AT =7 AR A A E)

Professor Chumpol Pholpramool is conductiong the
research in the field of male reproductive physiology with
particular emphases on the epididymis and sperm maturation,
male fertility regulation, spermatogonial stem cells; and the
influence of exercise and sport training on sexual maturation
and other functional developments in school children. In the
seminar he stressed the importance of carnitine transport and
application of the experimental results in Physiological

experiments.
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36. Traveling waves in visual cortex during binocular rivalry

David J. Heeger (Department of Psychology and Center for Neural Science New York University)

When the two eyes view dissimilar patterns, one
experiences a perceptual illusion called binocular rivalry.
Instead of seeing both patterns superimposed, they are
perceived in alternation. What makes this phenomenon
remarkable is the dissociation between a constant physical
stimulation and fluctuating perceptual experience. In spite of
widespread interest, and animpressive volume of high-quality
work on this topic, many of the central questions concerning
the neural processing underlying binocular rivalry remain
open. Particularly controversial is the role of primary visual

cortex(V1) in rivalry. To address this controversy, we are
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capitalizing on an interesting aspect of the perceptual
phenomenon; during an alternation, one sees a traveling wave
in which the dominance of one pattern emerges locally and
expands progressively as it renders the other pattern invisible.
We used fMRI to measure traveling waves of cortical activity
in early visual areas accompanying perceptual traveling
waves. These waves of activity propagated over subregions of
cortex that corresponded retinotopically to the perceptual
waves, and the spatiotemporal dynamics of cortical waves

co-varied with the propagation speeds of perceptual waves.
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