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Welcome to the Berlin Brain Days 2010

The Berlin Brain Days are an activity of doctoral
students across several independent Berlin insti-
tutions. Initiated in 2005 by faculty and students
in “Medical Neurosciences” (a graduate school at
the Charité), it has subsequently grown year-by-
year as the neuroscientific research and training
environment has rapidly developed within the city.

'The growth in the number and variety of new
doctoral programs within Berlin is quite remark-
able. In 2005, a research training group of the
German Research Council (DFG), on “Learn-
ing and Memory” (GRK 1123 — Cellular Mecha-
nisms of Learning and Memory), was established.
In 2006, as part of the Excellence Initiative for
German universities, the “Berlin School of Mind
and Brain” was founded to foster transdisciplinary
research at doctoral level across the mind and
brain sciences. In 2007, a second and third ac-
quisition of the Excellence Initiative resulted in
the establishment of two Clusters of Excellence:
“NeuroCure” and “Languages of Emotion”, both
with additional funding for doctoral students.
'The doctoral program “Computational Neuro-
science” of the Bernstein Center for Computa-
tional Neuroscience has now merged with the new
DFG research training group “Sensory Computa-
tion in Neural Systems”. The Helmholtz Inter-
national Research School “Molecular Neuro-
biology” has been in existence since 2003.

In December 2008 and 2009, we very success-
tully joined our forces, and the Berlin Brain
Days 2010 again are a common activity of all these
programs. Students and faculty alike are highly

motivated to learn about the research of neigh-




boring programs, and the Berlin Brain Days
have become an important forum for informa-
tion exchange.

Berlin has a good tradition in fostering ac-
tivities in the neurosciences: the Berlin Neuro-
science Forum has been organized every other
year since 1997 and is a common activity of the
Berlin universities and Berlin-based collabora-
tive research centers (Sonderforschungsbereiche,
Forschergruppen, Graduiertenkollegs, etc.). It regu-
larly attracts 200 neuroscientists to a small resort
outside of Berlin, Liebenwalde.

For Berlin Brain Days 2010, we welcome
for the second time international guests of the
Berlin School of Mind and Brain: the winners
of the women’s travel awards to young neuro-
science, linguistics and philosophy students.

We look forward to hearing about their research
as they too will attend the symposium and pres-
ent posters.

It is in our best interest that we join forces,
interact closely, and continue to develop Berlin
as a hotspot for research across the neurosciences.
With this in mind, I am convinced that we will
have a very interactive and successful meeting
that will result in new collaborations within the
Berlin neuroscience research community.

Helmut Kettenmann, Conference Chair
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OPENING LECTURE

Monday, 1 November 2010

18.00 Edvard I. Moser
Grid cells, place cells and the brain’s
representation of space

Opening Helmut Kettenmann

address Max Delbriick Center for Molecular Medicine
Berlin-Buch

Chair Dietmar Schmitz

Charité — Universitatsmedizin Berlin




Opening Lecture: Edvard I. Moser

Edvard I. Moser

Kavli Institute for Systems Neuroscience
Norwegian University of Science and Technology
Trondheim, Norway

mail edvard.moser@cbm.ntnu.no

2007-present

2002-present
1998—present
1996-1998
1994-1996

1991-1995

Founding Director of Kavli Institute for Systems
Neuroscience

Founding Director of Centre for the Biology of Memory
Professor of Neuroscience
Associate Professor of Biological Psychology

Postdoc, The University of Edinburgh and University College
London

Ph.D.student, Oslo University



Opening Lecture: Edvard I. Moser

Edvard I. Moser
Grid cells, place cells and the brain’s representation of space
Kavli Institute for Systems Neuroscience, NTNU, Trondheim, Norway

Grid cells are a key component of the brain network for representating self-location
in allocentric space. These cells fire selectively at regularly spaced positions in the
environment such that, for each cell, activity is observed only when the animal is at
places that together define a repeating triangular pattern tiling the entire environ-
ment covered by the animal. The scale of the grid map is topographically organized
in that the spacing of the grid increases from the dorsal to the ventral end of medial
entorhinal cortex. In the first part of the talk, I will show that the organization of the
grid map is modular and that HCN channels contribute to the determination of grid
scale. I will also show that grid cells co-localize with head-direction cells, conjunctive
grid x head direction cells, and border cells, which each contribute to a dynamically
updated metric representation of current location in the medial entorhinal cortex.
Based on studies using a virus-mediated approach to selectively express photorespon-
sive channel proteins in entorhinal cells with projections to the hippocampus, I shall
present preliminary data suggesting that grid cells, head direction cells and border
cells may all provide direct input to place cell maps in the hippocampus.

An important difference between grid cells and place cells is the tendency for
place cells to form orthogonal representations in different environments. This ortho-
gonalization process is thought to depend on the formation of attractor states in
recurrent neuronal networks. While several experimental observations are consistent
with the presence of attractors in the entorhinal cortex and hippocampus, the dy-
namic processes supporting attractor dynamics, at the time scale of behaviour, are
not well understood. I will show that, in response to an instantaneous transition be-
tween two familiar and similar spatial contexts, hippocampal CA3 networks undergo
short periods of flickering between pre-formed representations before settling in on
the representation most consistent with the new cue configuration, several seconds
after the cue change. During the flickering period, convergence to each representa-
tion may take place within a single theta cycle and fully expressed representations
may alternate at theta time-scale frequencies. The data suggest that, in CA3, pattern
completion dynamics repeats within each individual theta cycle. The repetition may
facilitate error correction, thus enhancing the discriminative power of the system in
the presence of conflicting input cues from spatial representations in entorhinal cor-
tex and stored representations within the hippocampus.
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SESSION 1

Tuesday, 2 November 2010

09.00

I0.00

Introduction

Chair

David R. Colman
Evolutionary origins and organization

of the CNS synapse

Ellen Barker

Nora Mecklenburg
Anna Soriguera Farrés
» Ph.D.talks

Helmut Kettenmann
Max Delbriick Center for Molecular Medicine
Berlin-Buch

Kristin Stock
Helmholtz International Research School
Molecular Neurobiology




Session 1: David R. Colman

David R. Colman

Director, Montreal Neurological Institute
McGill University

3801 University Street

Montreal, Quebec H3A 2B4, Canada
mail  david.colman@mcgill.ca

2002-present

1993-2002

1987-1993

1983-1987

Director, Montreal Neurological Institute

Annenberg Professor of Molecular Biology and Neuroscience,
Department of Neurology and The Fishberg Research Center
for Neurobiology, The Mount Sinai School of Medicine

Associate Professor, Departments of Anatomy and Cell
Biology, and Pathology in the Center for Neurobiology and
Behavior, College of Physicians and Surgeons of Columbia
University

Assistant Professor, Department of Cell Biology,
New York University School of Medicine

11
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Session 1: David R. Colman

David R. Colman

Evolutionary origins and organization of the CNS synapse

Montreal Neurological Institute, Montreal, Quebec, Canada

Some of the fundamental subcellular mechanisms that organize the plasma
membranes of uniform, simple epithelia are utilized also by neurons. For ex-
ample, adherens junctions abound on neuronal surfaces; these junctions con-
nect one neuron to another and co-localize with the physiological synapse.
The argument has been presented that the adherens junction is the evolution-
ary antecedent of the chemical synapse. In brief, the evidence for this is that
the morphologies of the epithelial adherens junction and the CNS synaptic
junctional complex are very similar; both are adhesive and signaling devices
consisting of plasma membrane thickenings with underlying electron-dense
material. There is a narrow, remarkably uniform cleft between plasma mem-
branes of 150—300 Angstrom units. The junctional membranes are invariantly
in register, parallel to one another, and cannot be separated from one another
by physical means. Most telling, it is clear that the adhesive mechanisms that
form both the adherens junction and the CNS synapse depend on identical
adhesive elements, in that both are at least in part cadherin-mediated structures,
containing not only the calcium-dependent cadherin adhesion molecules of all
epithelia, but also the cadherin binding proteins as well. In neurons the cad-
herins function as specifiers and as intercellular glue in the establishment of
CNS synaptic connections, and in the mature brain, also appear to function
in learning and memory events.



Session 1: David R. Colman

Ellen Barker, J. Henley, and G. Collingridge

Defining roles of PKM¢in AMPAR trafficking

MRC Centre for Synaptic Plasticity, Bristol University, Bristol, United Kingdom

Synaptic plasticity, the modulation of communication efficacy at synapses
shapes the neural networks thought to encode memories. Long term potentia-
tion (LTP), persistent enhancement of synaptic communication, is one such
type of plasticity. LI'P has two main mechanistically distinct phases, an induc-
tion (early) and a maintenance (late) phase (E-LTP, L-LTP) thought to be
analogous to the processes of learning and long-term memory storage. AMPA
receptors (AMPAR) mediate the majority of fast excitatory transmission in
the brain, so changes in their synaptic expression underlie many forms of syn-
aptic plasticity, with an increase in AMPAR number or conductivity leading

to LTP. A brain-specific atypical Protein kinase C isoform PKIVI{ has been
shown to be both necessary and sufficient for L-LTP, but not E-LTP. Perfusion
of ZIP, a specific inhibitor of PKIMU into hippocampi of rats prevents memo-
ries of tasks persisting beyond about 10 minutes, and completely erases pre-
established memories. As well as showing PKMU is a key factor in memory
formation, these studies provide evidence for links between the biphasic mod-
els of LTP and of memory formation. It was shown that blocking endocytosis
of GluRz in the amygdala of live rats prevents loss of memory associated with
the application of ZIP, suggesting PKIM{ maintains AMPAR at synapses by
preventing GluRz-dependent endocytosis. I study the mechanisms of PKIVI(-
dependent AMPAR trafficking on a molecular level using cultured neurons.

I show that ZIP decreases surface expression of GluRz2 but not GluR1, although
rates of endocytosis of both increase. GluRr and GluR2 subunits have distinct
roles and trafficking patterns in E-LTP and L-LTP, I hope to better define roles
of PKMU in the context of these phases by studying AMPAR behavior follow-
ing endocytosis and identifying roles of other proteins involved.

13
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Session 1: David R. Colman

Nora Mecklenburg, C. Sotelo,2 and S. Martinez!

Cerebellar oligodendroglia have an extracerebellar origin

1Instituto de Neurociencias (UMH-CSIC), Universidad Miguel Hernandez, Alicante,
Spain; 2 Catedra de Neurobiologia del Desarollo Remedidos Caro Almela

While the origin of oligodendroglia in the prosencephalon and spinal cord has
been extensively studied, the origin of cerebellar oligodendrocytes has been
only partially analyzed. To investigate where cerebellar oligodendrocytes gen-
erate and which migratory pathways they follow to reach their adult ultimate
locations, in-ovo transplants were performed using the quail/chick chimeric
system. The chimeric embryos were developed up to HHys (19 days) to map
the localization of donor cells and analyze their phenotype by immunohisto-
chemistry staining. We found that mesencephalic homotopic and homochronic
transplants generated cellular migratory streams from the grafted epithelium
into the host cerebellum, crossing the isthmic borders and entering to the cer-
ebellum via the velum medullare into the ventral region of the central white
matter. Mapping the final location of these mesencephalic cells showed that
they are located in all layers of the cerebellar cortex except the external gra-
nular layer. From their entry into the cerebellum, they were mainly accumu-
lated at the central and folial white matter, as well as in the superficial regions
of the internal granular layer and around Purkinje cells. At this later location,
the donor cells were positive for Vimentin and acquired Bergmann glial fea-
tures. At the other locations, particularly in the white matter, they were posi-
tive for PLP and Olig2 with oligodendrocytic identity. The combinatory analy-
sis of the different grafts allowed us to propose a fate map of chick cerebellar
oligodendroglia at neural tube stage. Most oligodendrocytes originate from the
central alar plate of the mesencephalic vesicle.



Session 1: David R. Colman

Anna Soriguera Farrés,! S. Bardehle,? S. A. Hoffmann,? J. M. Swiercz,2.3
S. Offermanns,2.3 ). Chun,5 R. Nitsch,* 4 and A. U. Brauer!

PRG-1 regulates N-Ras activity depending on extracellular
LPA levels during axon growth

1 Institute of Cell Biology and Neurobiology, Center for Anatomy, Charité —
Universitdtsmedizin Berlin; 2 Institute of Pharmacology, University of Heidelberg;
3 Max Planck Institute for Heart and Lung Research, Bad Nauheim; 4 Institute

for Microscopic Anatomy and Neurobiology, Universitdtsmedizin der Johannes-
Gutenberg-Universitat; 5 The Scripps Institute, San Diego, USA

Plasticity-Related Gene-1 (PRG-1) has been shown to regulate LPA signal-
ing and be involved in mechanisms of activity-dependent and structural plas-
ticity in the brain. Furthermore, PRG-1 acts specifically at the excitatory syn-
apse on neurons and has been recently proposed as an important player in the
modulatory control of excitability via non-enzymatic control of extracellular
LPA.PRG-1 contains nonconservative changes in the enzymatic-catalytical
extracellular domains and has a unique hydrophilic C-terminus of around 400
amino acids. We found an interaction between PRG-1 and Ras GRF-2 through
phospholipids during neuronal differentiation, which was disrupted by in-
creased extracellular LPA.Intracellular signaling analysis on primary neurons
showed phosphorylation of MAPK levels and enhanced MEK/ERK activa-
tion after LPA application. Furthermore, we identified a direct interplay be-
tween LPA levels, PRG-1 interaction and the activation of N-Ras protein, and
specifically the application of LPA resulted in a significant increase in axon
growth. Our experiments also show that PRG-1 is a Ras cascade controller
during brain development.

15
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SESSION 2

Tuesday, 2 November 2010

I1.I5

12.15

Introduction

Chair

Tor D. Wager

The origins of pain in the central nervous
system: Insights from manipulations of
expectation and affective value

Ryszard Auksztulewicz
Thorsten Kahnt
Soyoung Q Park

» Ph.D. talks

Hauke R. Heekeren
Cluster of Excellence Languages of Emotion
Freie Universitat Berlin

Christoph Korn
Berlin School of Mind and Brain




Tor D. Wager

Department of Psychology and Neuroscience
'The University of Colorado
Muenzinger D244

345 UCB

Boulder, CO 80309-0345, USA
mail  tor.wager@colorado.edu

present

2004—-2009
2003

1997-1998

Session 2: Tor D. Wager

Associate Professor of Psychology, The University
of Colorado, Boulder

Assistant Professor of Psychology, Columbia University
Visiting Research Fellow, The University of Michigan

Postgraduate Research Assistant, The University
of Colorado, Boulder

—

17
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Session 2: Tor D. Wager

Tor D. Wager

The origins of pain in the central nervous system:
Insights from manipulations of expectation and affective value

Department of Psychology and Neuroscience, The University of Colorado, Boulder

Pain is a subjective experience created by a combination of noxious sensory
input from the body and ongoing brain processes. Though a number of brain
regions respond consistently to noxious input, it is still unclear how patterns
of activity in different brain systems combine to generate pain. Likewise, though
it is now widely recognized that pain is influenced by expectations, emotions,
and other cognitive factors, it is still unclear how this information is represent-
ed in the brain, and where and how it is combined with signals from the body.
We have approached these questions using a combination of fMRI, PET opioid
binding, ERP, pharmacological MRI, and meta-analyses of neuroimaging
studies of pain and emotion. In this talk, I will draw on this work to address
two questions:
1) Does brain activity distinguish between physical and emotional “pain,”
and are there patterns that are specific to physical pain?
2) How do expectations about pain influence brain responses to painful
events, and do they impact areas thought to be important for representing

physical pain?



Session 2: Tor D. Wager

Ryszard Auksztulewicz, 2 B. Spitzer,3.4 and F. Blankenburg?. 3.4

Somatosensory working memory impairment by applying rTMS
to the inferior frontal gyrus

1 Berlin School of Mind and Brain; 2 Institute of Psychology, Humboldt-Universitat
zu Berlin; 3 Bernstein Center for Computational Neuroscience Berlin; 4 Department
of Neurology, Charité — Universitdatsmedizin Berlin

Neural activity believed to subserve somatosensory working memory (SWM)
has been found in several cortical regions in both humans and monkeys.

One prominent area whose ongoing activity has been associated with SWM
has been the inferior frontal gyrus (IFG). However, as previous studies have
almost exclusively used correlational analyses, no clear evidence has so far been
provided for the causal role of specific areas. Therefore, the question whether
sustained neural activity in IFG is causally involved in a successful maintance
of information in SWM remains unanswered.

19
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Session 2: Tor D. Wager

Thorsten Kahnt,*. 2 . Heinzle,! S. Q Park,2 3 and J.-D. Haynes?. 2

Locally distributed coding of expected value and reward variability
in multi-attribute decision making

1Bernstein Center for Computational Neuroscience Berlin; 2 Berlin School of Mind
and Brain; 3 Cluster of Excellence Languages of Emotion, Freie Universitdt Berlin

An optimal choice among alternative behavioral options requires precise antici-
patory representations of their possible outcomes. A fundamental question is
how such expected outcomes are represented in the brain. Using a combination
of multivariate pattern classification and fMRI we have recently shown that
the reward value of sensory cues can be decoded from distributed fMRI patterns
in the medial OFC.This distributed representation is compatible with previous
reports from animal electrophysiology which show that reward is encoded by
different neural populations with opposing coding schemes. However, most be-
havioral options have more than one reward predictive attribute. Thus, the re-
ward predictions of multiple attributes need to be integrated into a combined
expected value. Here we address where the brain encodes the combined reward
prediction and where it encodes the variability of the reward predictions of the
individual attributes. We acquired fMRI data while subjects performed a task
in which they had to integrate reward predictions from multiple attributes into
a combined value. Using time-resolved support vector regression we find that
(1) the combined value is encoded in distributed fMRI patterns in the medial
OFC and that (2) the variability of value predictions of the individual attributes
is encoded in the dorsolateral prefrontal cortex (dIPFC). These results demon-
strate that the different features defining multi-attribute objects are encoded in
non-overlapping brain regions and therefore suggest different roles for OFC
and dIPFC in multi-attribute decision making.



Session 2: Tor D. Wager

Soyoung Q Park, 2.3 T. Kahnt,3.4 J. Rieskamp,5 and H. R. Heekeren?. 2.3

Neurobiology of value integration: When value impacts valuation

1 Department of Education and Psychology, Freie Universitdt Berlin; 2 Neuro-
cognition of Decision Making Group, Max Planck Institute for Human Development,
Berlin; 3 Berlin School of Mind and Brain; 4 Bernstein Center for Computational
Neuroscience Berlin; 5 Department of Psychology, University of Basel

In everyday situations, we usually face multi-attribute decision options. Here
the attributes are qualitatively different and can implicate either losses (e.g.,
costs to buy a bike) or gains (e.g., technical benefit of a bike). It has been sug-
gested that these attributes values are integrated into a unified value currency
to facilitate successful choice behavior (Montague and Berns, 2002; Heekeren
et al., 2008). However, the exact neural mechanism of this value integration is
still unknown. For decades, behavioral studies have assumed that the attributes’
value contribute independently to the overall subjective value. However, hu-
man behavior violates this assumption, implicating interactions between values.
We investigated 24 healthy male subjects using functional magnetic resonance
imaging (fMRI) with a task involving choices with multi-attribute options that
consist of visual cues indicating physical pain (electrical pulse) and monetary
reward. Different subjective-value models made similar predictions of choice-
behavior, suggesting that behavioral data alone is insufficient to uncover the un-
derlying integration mechanism. In contrast a direct model comparison on brain
data decisively demonstrated that interactive value integration predicts neural
activity significantly better than the independent mechanism. These results pro-
vide novel insights into the neurobiological underpinnings of human decision
making involving the integration of different values.

21
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SESSION 3

Tuesday, 2 November 2010

15.00

16.00

Introduction

Chair

Eero P.Simoncelli
Bayesian modeling of visual motion
perception

Jan Clemens,
Hannah Dold,
Evelin Wacker
» Ph. D. talks

Felix Wichmann
Bernstein Center for Computational
Neuroscience Berlin

Kai Gorgen

International Doctoral Program Computational
Neuroscience




Session 3: Eero P. Simoncelli

Eero P. Simoncelli

Investigator, Howard Hughes Medical Institute
Professor for Neural Science, Mathematics,

and Psychology at New York University

4 Washington Place, Rm 809

New York, NY 10003-1056, USA

mail  eero.simoncelli@nyu.edu

2006-present  Professor, Departments of Neural Science, Mathematics,
and Psychology, New York University (Associate Professor,
1999—2007; Assistant Professor, 1996—1999)

2000-present  Investigator, Howard Hughes Medical Institute

1993-2000 Assistant Professor, Computer and Information Science,
University of Pennsylvania (Adjunct Professor, 1996—2000)

1987-1993 Research Assistant, Vision Science Group (now called
the Vision and Modeling Group), MIT Media Laboratory

1990 and 1991 Research Contractor, NASA-Ames Research Center,
Human Factors Division, Vision Group

23
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Session 3: Eero P. Simoncelli

Eero P. Simoncelli

Bayesian modeling of visual motion perception

Departments of Neural Science, Mathematics, and Psychology, New York University,
New York, USA

I will describe our recent efforts to explain the perception of local retinal
image motion as resulting from a process of optical statistical inference. Spe-
cifically, I will show that a Bayesian model can provide a quantitative expla-
nation of human subject behavior in tasks involving the estimation of speed,
direction, or coherence of a moving pattern. I will also discuss our current
hypotheses regarding the physiological underpinnings of these results.



Session 3: Eero P.Simoncelli 25

Jan Clemens,*.2 S. Schreiber,2 3, 0. Kutzki,*. 2 B. Ronacher,. 2 and S. Wohlgemuth?

Transformation of the population code in the auditory pathway

of grasshoppers

1 Department of Biology, Behavioral Physiology Group, Humboldt-Universitdt
zu Berlin; 2 Bernstein Center for Computational Neuroscience Berlin; 3 Institute
for Theoretical Biology, Humboldt-Universitdt zu Berlin

How does the neural representation of the sensory environment change at suc-
cessive steps in a sensory pathway? What is the function of each processing step?

We tackled these questions within the auditory system of grasshoppers.
These small insects rely on acoustic cues to recognize, evaluate and localize mates.
Although the grasshopper’s auditory system is simple, it performs tasks compa-
rable to some of those fulfilled by the much more complicated auditory system
of vertebrates. The first steps of auditory processing in grasshoppers are orga-
nized in a simple three-layer network: The input layer of receptors transforms
the acoustic stimulus into neural spike trains. The two subsequent layers perform
important pre-processing steps before perceptual decisions are made in the brain.

In order to learn about the function of these last two steps, we tracked the
neural representation of the natural song of grasshoppers in terms of the preci-
sion and the information content of neuronal responses. In addition, we com-
pared the diversity of the feature selectivity of neurons within each layer.

Our results show that the intermediate layer in the network acts as a hub that
enhances the fidelity of the neural representation by pooling responses from many
auditory receptors. Cells in the output layer exploit this highly informative in-
put to extract specific, possibly behaviorally relevant features of the song. This in
turn enables the grasshopper’s brain to perform those pattern recognitions tasks
that are necessary to successfully find an appropriate mate.
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Session 3: Eero P. Simoncelli

Hannah M. H. Dold, I. Friind, and F. A. Wichmann

Bayesian estimation of shared parameters

Modelling of Cognitive Processes, Bernstein Center for Computational Neuro-
science Berlin and Technische Universitdt Berlin

Experimental data are typically noisy, and one aspect of fitting a model to one’s
data is to parametrically describe the data and to see how different experimental
conditions affect the model parameters. When comparing results from different
experimental conditions we expect some model parameters to vary, but others
to remain more or less constant. Sometimes we would even like to enforce that
some parameters stay constant; in the following we term parameters that stay
constant across experimental conditions “shared parameters.”

In Bayesian estimation, each parameter is associated with a prior distribution
and a posterior distribution, which describe the probability of a given parameter
value before and after observing the data, respectively.

For shared parameters it is required that their posterior distributions under the
different experimental conditions are highly overlapping. One solution to achieve
the posterior distribution overlap is to choose suitable prior distributions. The key
challenge is to find such priors without impairing the model fit significantly.

Here we present a two-step technique to estimate suitable prior distributions
under a concurrency constraint and illustrate our technique using psychometric
functions.

The posterior distributions obtained through the estimation procedure are
highly overlapping and follow an analytically derived distribution. The goodness-
of-fit remains comparable to goodness-of-fit obtained from estimation without
the concurrency assumption, if the shared parameters actually originate from
the same distribution. The proposed prior distributions are thus superior to so-
called uninformative priors, but are chosen in a well defined way and do not
reflect the scientist’s prejudices or assumptions.
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Evelin Wacker, R. Liitzkendorf, B. Spitzer, ). Bernarding, and F. Blankenburg

Tactile motion and pattern processing assessed with high-field fMRI

Department of Neurology, Charité — Universitdtsmedizin Berlin; Bernstein Center
for Computational Neuroscience Berlin; Institute for Biometry and Medical Infor-
matics, Otto-von-Guericke-Universitat Magdeburg

Contrary to the extensive research on processing of motion and form in the
visual domain, the specific neuronal pathways underlying perception of tactile
presented stimulus properties remain poorly understood. Here, we used ultra-
high-field functional magnetic resonance imaging (fMRI) to investigate the
neuronal correlates of tactile motion and pattern processing in humans. Dif-
ferent types of dynamic Braille stimuli were delivered to participants’ index fin-
ger, creating the sensation of moving or stationary bar patterns during passive
touch. In line with previous work, activity in early somatosensory cortex was in-
creased both during motion and pattern processing, respectively, compared to
physically matched control conditions. Moreover, we found evidence for motion
directionality encoding in primary and secondary somatosensory cortices (SI
and SII), as well as for pattern orientation encoding in the intraparietal sulcus
(IPS). Beyond, in higher cortical areas, tactile motion induced activity in the
middle temporal cortex (hMT+/Vs), whereas tactile pattern processing engaged
the supramarginal gyrus (SMG). The specific responses in these areas covaried
with subjects’ ability to identify moving and patterned stimuli, respectively, sug-
gesting that hMT+/Vs and SMG may in particular contribute to conscious per-
ception of complex tactile stimulus features. Interestingly, an analysis of effec-
tive connectivity further revealed increased functional coupling between SI and
hMT +/V5 during motion processing, as well as between SI and SMG during
pattern processing. This provides evidence for a direct integration of specialized
higher-level cortical areas into tactile processing circuits during somesthesis.
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(INSERM)

Head, Cortex & Epilepsy Group

Faculté de Médecine

105 Bld de 'Hoépital

75634 Paris cedex 13, France

mail  richard.miles@upmec.fr

Richard Miles began his postdoctoral work with RKS Wong in Galveston, TX
trying to understand how recurrent excitatory connections between hippo-
campal pyramidal cells produce epileptiform synchrony. Collaboration on sim-
ulations of population activities with RD Traub (then at IBM) convinced him
that data was needed on the properties of hippocampal synapses. In records
from pairs of cells, Dr Miles studied the synaptic excitation of pyramidal and
inhibitory cells and the inhibition of pyramidal cells as well as poly-synaptic
inhibitory and excitatory circuits. This work suggested that di-synaptic inhibi-
tion normally controls the spread of activity via poly-synaptic excitatory circuits
and that removing this control leads to synchrony.

After moving to Paris, Dr Miles examined the morphological substrate
of synaptic interactions between pairs of CA3 neurones in collaboration with
the group of TF Freund (Budapest). This work showed that some excitatory
synapses possess a single release site, and revealed a diversity of hippocampal
inhibitory cells with distinct functions. Moving back to population activities,
Richard Miles examined differences between EPSP — spike coupling in pyrami-
dal cells and interneurons with D Fricker and explored extracellular approach-
es to ensemble discharges with I Cohen. Collaboration with clinicians at the
Pitié-Salpétriere hospital in Paris offered an opportunity to examine the gen-
eration of synchrony in human epileptic tissue. Recent data suggests that an
unexpected region — the subiculum — and an unexpected mechanism — depola-
rising GABAergic signalling — are involved in the generation of human interic-
tal activities.
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Hippocampal synchrony in disinhibited guinea-pig slices

and human epileptic tissue

Institut National de la Santé et de la Recherche Médicale (INSERM), U975,
Cortex & Epilepsy Group, Paris, France

I will compare the generation of synchronous population burst firing in a slice
model — the CAj3 region of the hippocampus when GABAA receptor mediated
inhibition is suppressed — and in slices prepared after operations to remove focal
tissue from patients suffering from temporal lobe epilepsies.

Disinhibition induced synchrony depends on the recurrent excitatory synap-
tic network that connects intrinsically burst firing CA3 pyramidal cells. It occurs
in small tissue pieces containing 2—4000 pyramidal cells. We have shown that
a population burst is initiated when summed neuronal activity exceeds a thresh-
old. This threshold behavior depends on a balance between glutamatergic signal-
ling and slower inhibitory signals mediated by GABAB receptors. Population
bursts are initiated at a specific pacemaker site in the CA3 region, where cells
are somewhat more excitable and recurrent excitatory connectivity is higher.

Interictal-like epileptiform activity in human tissue depends not only on
recurrent excitation, but also on depolarising signalling mediated by GABAA
receptors. In human tissue the CA3 and CAr regions of the hippocampus are
sclerotic but the subiculum generates spontaneous population discharges that
are similar to EEG records from the same patients. About 20% of subicular cells
participate in these discharges and in these cells GABAergic signals are depo-
larizing due in part to a loss of the K-ClI cotransporter KCCa.

Seizure-like activities lasting for several 1os of sec can be initiated in human
epileptic tissue by multiple convulsants. While interictal-like activity probably
depend on a defect in basal Cl-homeostasis, ictal-like events may result from
a loss of Cl-homeostasis during high-frequency activation of inhibitory synapses.
An activity dependant switch in GABAergic signalling, coupled with excitatory
synaptic actions and extracellular K accumulation may generate the prolonged
depolarization that underlies a seizure.
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How does the M-type potassium channel affect excitability
in the epileptic entorhinal cortex?

Institute of Neurophysiology, Charité — Universitdtsmedizin Berlin

The cholinergic hypothesis of epilepsy assumes a key role of acetylcholine-
related genes and proteins in the mechanisms underlying chronic temporal lobe
epilepsy. Some candidates are the acetylcholine esterase, muscarinic receptors
and reduced acetylcholine levels. Less studied in this context are voltage-gated
potassium channels of the Kv7 family, also known as M-type channels, because
they can be indirectly blocked by muscarine-receptor agonists.

We performed extracellular field recordings from acute temporo-hippocampal
slices to investigate the effect of acetylcholine and of a specific Kv; channel
blocker on spontaneous firing in the entorhinal cortex. We compared the effects
in two animal models of chronic temporal lobe epilepsy: intrahippocampal kai-
nate application in mice and intraperitoneal pilocarpine injection in rats. In both
models an acute status epilepticus is followed by the development of chronic
epilepsy.

In the entorhinal cortex of non-epileptic control animals, neither acetyl-
choline 20puM nor the specific Kv7 blocker linopirdine 20pM induced any epi-
leptiform activity. In the kainate-treated mice application of acetylcholine or
linopirdine was followed by interictal spikes in the entorhinal cortex. In the
pilocarpine treated rats, acetylcholine and linopirdine induced ictal spiking and
seizure-like events in the entorhinal cortex with propagation to the subiculum.

Our results demonstrate that acetylcholine and the specific Kvy blocker
linopiridne affect the activity in chronic epileptic entorhinal cortex in a simi-
lar fashion, which implies a change in function of the M-type current. Because
the effect is absent in the normal brain, it is possible that the change is part of
a compensatory mechanism against overexcitability in the epileptic brain.
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Inflammation in the brain after subarachnoid hemorrhage (SAH):
role and possible intervention

Experimental Neurosurgery, Charité — Universitatsmedizin Berlin

Hemorrhage into the subarachnoid space, elicits an as yet poorly understood
cascade of events leading to brain injury and poor outcome in patients. The
mechanisms of this brain injury clearly differ from those underlying brain injury
after ischemia or trauma in that they are more complex, and less well under-
stood. Recent clinical, biological and experimental findings have brought more
and more evidences suggesting that an inflammatory response within the CNS
after the onset of the subarachnoid hemorrhage should be the starting point
to explain numerous complications related to the SAH, such as vasospasm for
example. This inflammation could also contribute directly to the brain injury.

Critical steps in the pathological cascade of an inflammatory response with-
in the CNS are the recruitment of circulating immune cells to the brain and
the activation of resident CNS immune cells. Homing of immune cells to sites
of injury or inflammation represents a multistep process which comprises the
tethering of circulating leukocytes to the vessel wall, their subsequent trans-
endothelial and interstitial migration, mediated by cell adhesion molecules, such
as selectins and integrins.

Our research is focused on this multistep process of recruitment and activa-
tion of circulating and resident immune cells to and within the CNS, follow-
ing a surgically induced subarachnoid hemorrhage on Wild-type mice and
knockout models such as Del-1 -/- and Ang-2-/- Mice. Our first immunhisto-
chemistry (IHC) and in-vivo microscopy (IVM) results could support the

important role of leucocytes-induced inflammation in the brain after SAH.
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'The impact of immunoproteasome in neurodegenerative disease
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The close relationship between neurodegeneration and the ubiquitin proteasome
system (UPS) has long been implicated through the consistent findings of
ubiquitin-positive protein aggregates in various neuropathological studies. In
fact, the observation of ubiquitinated-protein inclusion bodies is one of the
hallmarks of neurodegeneration. Damaged proteins can accumulate under cer-
tain adverse conditions like oxidative stress, protein misfolding, mutations, aging
and so on. The UPS represents the major ATP dependent protein degradation
system in eukaryotes that is involved in the maintenance of cellular protein
homeostasis. Under the influence of immune response certain  subunits namely
LMP2 (B1i), MECL-1 (B2i) and LMP7 (f5i) can replace constitutive p1, P2,
and B5 subunits of catalytic 20S core of UPS, resulting in a new complex referred
to as immunoproteasomes (IPs) (1). IPs exhibit altered, elevated peptidase ac-
tivity and cleavage site preferences resulting in more efficient liberation of many
MHC class 1 epitopes (2). IPs has potential to clear oxidant damaged proteins
in IFN induced oxidative stress (3). However nothing much is known about
them in neurodegenerative disease. It is important to investigate the role of IPs
in Neurodegenerative diseases.
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Signal Transduction by G Proteins: Focus on molecular aspects
of activation and deactivation of a regulatory GTPase and the role

of Mg ion

Laboratory of Neurobiology, National Institute of Environmental Health Sciences,
NIH, DHHS, North Carolina, USA

The evolution of our knowledge about the way Mg?>* participates in the acti-
vation of heterotrimeric G proteins will be reviewed, beginning with its re-
quirement in hormonal stimulation of fat cell adenylyl cyclase (1969), the
development of the “signal transduction by G proteins” concept and ending
with knowledge that incorporates information obtained from site directed
mutagenesis and examination of the crystal structures of G proteins (2010).
Our current view is that G protein coupled receptors act as exchange factors
that allow free exchange of GTP for GDP, and that, as it seeks to fill its octa-
hedral coordination shell, Mg acts as a keystone locking the GTP into its
binding pocket and the G protein’s alpha subunit into a conformation in which
Ga dissociates from the GPy dimer and becomes competent in regulating
effectors. The Ga also acquires the GTPase activity without which it would not
deactivate. GTPase activation is the result of moving the backbone carbonyl
group of the Mg-coordinating threonine into a location in space that posi-
tions the hydrolytic water so as to facilitate the water’s nucleophilic attack that
leads to hydrolysis of the link between the p and y phosphates of GTP. The
role of the backbone carbonyl group of the Mg-coordinating threonine is equi-
hierarchical with a similar and long recognized role of the Switch II glutamine
y amide carbonyl group, whose disruption leads to loss of GTPase activity.
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Gor protein subunit alpha as an important regulator
of the dopaminergic system crucial for survival

Center for Anatomy, Integrative Neuroanatomy, Charité — Universitdtsmedizin Berlin

'The dopaminergic system is known to be linked to diseases like depression and
Parkinson’s disease. To better understand how underlying cellular pathways lead
to these missregulations of brain function, it is of great importance to find new
players that are involved in regulating the dopaminergic system. Previous data
proposed the alpha subunit of Go protein as one of these regulators, as Go alpha
is the major G protein coupled to D2 dopamine receptors. The Go alpha subunit
is encoded by a single transcript, that is alternatively spliced into two isoforms,
entitled Gor alpha and Go2 alpha, respectively. Our work established Goz alpha
as a key regulator in vesicular uptake of monoamines, like serotonin and dopa-
mine, by regulating vesicular monoamine transporter (VIMAT) activity in brain.
While Goz alpha -/- mice appear to be phenotypically normal, Gor alpha -/-
and Go alpha double knock out (Go1/2 alpha -/-) mice are growth retarded and
display a reduced lifespan. Furthermore, these animals reveal reduced motor
activity on a rotating rod compared to wild type and Goz alpha -/- mice. On a
molecular level Gor alpha -/- mice show increased dopamine levels in striatum
and Goz alpha expression is significantly augmented. Here we demonstrate,
that Gor alpha is not only the more abundant form in mouse brain compared to
Goz alpha, but also an important regulator of the dopaminergic system. Under
influence of Gor alpha a disturbed balance in favour of Goz alpha appears to
decrease motor activity, growth and lifespan, although the striatal dopamine
level is raised.
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General rules for autapse and heterosynapse formation
and function in mini neuronal circuits

International Graduate Program Medical Neurosciences; Cluster of Excellence
NeuroCure, Charité — Universitdtsmedizin Berlin

The interplay between glutamatergic (glu) and GABAergic (GABA) neurons
via synaptic connections is critical for virtually all synaptic circuitries in the
central nervous system. The diversity of cell types and synaptic properties in
different brain regions results in a wide variety of synaptic plasticity charac-
teristics and functions. To study the underlying basic principles and putative
cell-autonomous mechanisms determining presynapse release, we employed

a reduced cell-culture system using hippocampal and striatal neurons from new-
born mice, in which either one or two neurons from each region were grown

on microglial islands. We first tested whether the neurons preferentially formed
autapses or heterosynapses by measuring the response of the postsynaptic cur-
rents (PSCs). The PSCs of the autapses was significantly larger than those of
heterosynapses in three kinds of pairs (hippocampal glu-glu, GABA-GABA
and striatal GABA-GABA). Additionally, the vesicle release probabilities (Pvrs)
and paired-pulse facilitation were similar for autaptic and synaptic connec-
tions in both hippocampal glu-glu and striatal GABA-GABA pairs. However,
in hippocampal Glu-GABAergic pairs, the Pvrs of GABAergic autapses and
heterosynapses were significantly lower than those of single GABAergic neu-
rons and GABA-GABA synapses, indicating that the presence of glutamatergic
neurons modulated release probability in GABAergic nerve terminals. We also
determined whether the pre- or postsynaptic neuron is instructive by correlating
their individual behaviors in Pvr and, using paired-pulse ratios (PPRs), short-
term plasticity. These results indicate that neurons don't show resistant to form
autapse and neurons have the capacitance to form a certain number of synapses
in this culture system and that the presynaptic neuron is predominantly instruc-
tive for short-term plasticity characteristics.
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Partial disinhibition is required for transition of stimulus-induced
sharp wave-ripple complexes into recurrent epileptiform discharges
in rat hippocampal slices

1 Institute of Neurophysiology, Charité — Universitdatsmedizin Berlin; 2 Cluster
of Excellence NeuroCure, Charité — Universitditsmedizin Berlin

Hippocampal sharp wave-ripple-complexes (SPW-Rs) are characterized by slow
field potential transients superimposed by ~200 Hz ripple oscillations. Similar
events have been recorded in hippocampal slices where SPW-Rs occur sponta-
neously or can be induced by repeated application of high frequency stimulation
(HFS). Such stimulation is reminiscent of protocols used to induce kindling
epilepsy, and ripple oscillations may be predictive of the epileptogenic zone in
temporal lobe epilepsy. In the present study, we investigated the relation between
recurrent epileptiform discharges (REDs) and SPW-Rs by studying effects of
partial removal of inhibition. In particular, we compared the effects of nicotine,
low-dose bicuculline (BMI) and elevated extracellular potassium concentration
([K*]o) on induced SPW-Rs. We show that nicotine dose-dependently trans-
formed SPW-Rs into RED:s. This transition was associated with reduced inhibi-
tory conductance in CA3 pyramidal cells. Similar results were obtained from
slices where the G