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Haim Sompolinsky1

"The Hebrew University, The Edmond and Lily Safra Center for Brain Sciences, Jerusalem, Israel
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Genetic architecture of Parkinson’s Disease

Thomas Gasser’

1Neurologische Univ.-Klinik, Neurodegeneration, Hoppe-Seyler-Str. 3, 72076 Tibingen, Germany

The discovery of several genes causing inherited forms of Parkinson’s Disease (PD) has provided
important insights into the molecular mechanisms leading to the degeneration of dopaminergic neurons.
More recently, advances in high throughput genetic technologies has allowed to focus on the contribution
of gene variants to the development of the much more common sporadic forms of PD. Genome-wide
association studies (GWAS) have shown that common variability of the genes involved in the Mendelian
forms of PD, but also at a growing number of other genetic loci, also can predispose to the sporadic
disorder. As the majority of these variants are not located in the coding regions of genes, their effect is
most likely mediated by alterations of the regulation of gene expression.

Another segment of genetic variability contributing to this complex disease appears to be rare genetic
variants of moderate effect, such as the recently described mutations in the gene for glucocerebrosidase
(GBA). The existence of many more of these variants may be suspected and they are likely to be
discovered by whole exome sequencing efforts.

Despite this remarkable progress, a considerable proportion of the total population disease risk is still
unexplained. Studies on gene -gene and gene -environment interactions are very likely to provide
important additional information, but have just begun to attempt to fill this gap.

Nevertheless, a coherent picture of molecular pathways is beginning to emerge that will provide “genetic
entry points” to develop novel therapeutic targets on an individualized basis.
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Decoding the visual cortex

Nathalie Rochefort’

TTechnische Universitat Miinchen, Institute for Neuroscience, Biedersteiner strasse 29, 80469 Munich, Germany

Brain functions such as sensations and thoughts depend on the coordinated activity of neuronal networks
in precise spatial and temporal sequences. The aim of my work is to reveal the mechanisms underlying
such coordinated cortical activity. | have focused my studies on the first cortical area reached by visual
inputs, the primary visual cortex. | have used an in vivo imaging method, two-photon calcium imaging,
combined with electrophysiological recordings. This approach allowed me to study the spontaneous and
visually-evoked activity in the mouse primary visual cortex, both at the level of neuronal populations as
well as at the level of individual dendrites and spines.
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Optogenetics in non-human primates

llka Diester?, Karl Deisseroth?, Krishna Shenoy3

TErnst Striingmann Institute (ESI) for Neuroscience in Cooperation with Max Planck Society, Sensory-motor circuits and
Optogenetics, Deutschordenstr. 46, 60528 Frankfurt, Germany

2Howard Hughes Medical Institute, Department of Bioengineering, Department of Psychiatry and Behavioral Sciences, Stanford
University, USA

3Departments of Electrical engineering, Neurobiology & BioEngeneering, Stanford University, USA

The recording of single cell responses with electrophsyiological methods is well established and allows
as the only method measurements of electrical activity of neurons with a high spatial and temporal
precision. However, to make causal claims about the tasks of a specific neuron type a method is needed
which allows the fast and selective manipulation of neurons. Recently, the new technology of
optogenetics was developed which allows a targeted manipulation of neuronal signals with highest
precision. Optogenetics combines genetical and optical techniques to stimulate specified cell types and
neural circuits with light. Light sensitive membrane proteins (so called opsins) get integrated into the cell
membranes of neurons, thus rendering the neurons light sensitive. This allows activating or silencing
them with specific wavelength. Optogenetics is already well established in rodents; however not yet in
non-human primates. We will present data making optogenetics available for research in primates. First,
primate specific promoters are needed as well as efficient and safe viral vectors to deliver the opsins into
neurons. We will demonstrate the use of two viral vector systems, combined with human neuron-specific
promoters, leading to strong opsin expression in cortical cell bodies and projecting axons in monkeys.
Further, we will provide data showing that very low light levels are sufficient to activate opsin-expressing
cells (e.g., channelrhodopsin-2) as measured at the single cell level. This is an important finding since
very high light power can have a thermal impact on the surrounding tissue. To take this notion to a more
extreme, we introduced the so called step function opsin (SFO) in the primate cortex. This opsin is able
to accumulate light over several pulses due to its slow kinetics. Therefore it needs only very small
amounts of light and leads to a stepwise increase of neural activity when several pulses are delivered.
Hence, this opsin is particularly well-suited for experiments in which an increased excitability of a brain
area is required. For other types of experiments itis necessary to inhibit neural activity. To that aim we
tested the inhibitory opsin Halorhodopsin in rhesus monkeys. Again, small amounts of light are sufficient
to completely inhibit the activity of opsin-expressing neurons. In order to find suitable stimulation sites
and to evaluate the success of the expression, we developed an in vivo fluorescence meter which allows
measuring expression strengths in the awake animal. A further difficulty in monkeys is the lack of
transgenic models and our limited knowledge about cell type specific promoters. To still be able to limit
the opsin expression to specific neuron population and to be able to specifically stimulate neural circuits,
we developed a method which is based on the projections between brain areas. The capacity to record,
activate and silence groups of neurons based on location, projection pattern, and functional type in non-
human primates with their advanced cognitive and motor skills and intricate neural circuits provides
unprecedented power to understand the brain’s complex working principles.
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Principles of Neural Ensemble Physiology

Miguel Nicolelis’

"Duke University, Neurobiology, Box 3209 Duke Medical Center, 27710 Durham, USA
2Duke University, Biomedical Engineering, Box 3209 Duke Medical Center, 27710 Durham, USA
3Duke University, Psychology and Neuroscience,Box 3209 Duke Medical Center, 27710 Durham, USA

In this talk, | will describe how state-of-the-art research on brain-machine interfaces make it possible for
the brains of primates to interact directly and in a bi-directional way with mechanical, computational and
virtual devices without any interference of the body muscles or sensory organs.

| will review a series of recent experiments using real-time computational models to investigate how
ensembles of neurons encode motor information. These experiments have revealed that brain-machine
interfaces can be used not only to study fundamental aspects of neural ensemble physiology, but they
can also serve as an experimental paradigm aimed at testing the design of novel neuroprosthetic
devices. | will also describe evidence indicating that continuous operation of a closed-loop brain machine
interface, which utilizes a robotic arm as its main actuator, can induce significant changes in the
physiological properties of neural circuits in multiple motor and sensory cortical areas. This research
raises the hypothesis that the properties of a robot arm, or other neurally controlled tools, can be
assimilated by brain representations as if they were extensions of the subject's own body.
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Transcriptomes and Proteomes at Synapses

Erin M. Schuman’

TMax Planck Institute for Brain Research, Synaptic Plasticity, Max-von-Laue-Str. 4, 60438 Frankfurt am Main

An individual neuron in the brain possesses approximately 10,000 synapses, many of which are
hundreds of microns away from the cell body, which can process independent streams of information.
During synaptic transmission and plasticity, remodeling of the local proteome occurs via the regulated
synthesis of new proteins. | will discuss previous and current studies aimed at understanding how the
local transcriptome, obtained with deep sequencing, and the local proteome, obtained with BONCAT,
might influence synaptic transmission and plasticity.
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What are they looking at? Imaging activity in the freely
moving rodent from the eye to the cortex.

Jason ND Kerr!

"Max Planck Institute for Biological Cybernetics, Network Imaging Group, Spemannstrasse 41, 72076 Tuebingen, Germany

Rats are binocular animals and although their eyes are located laterally on the head they have a very
large region of binocular overlap that extends from below their snouts to behind their head. How this
enormous binocular field behaves as the animal navigates through an environment and what advantage
this provides is completely unknown because to date there have been no recordings of the movements of
both eyes in a freely moving rodent. Eye movements in head-restrained rats are conjugate similar to
those of primates, but studies of the vestibular-ocular reflex in rats suggest that this only describes a
fraction of their eye movements. Our lab studies how rodents use their vision to make decisions and the
cortical circuits that are activated. Studying the cortex in the freely moving animal gives not only gives
access to the suite of systems that allows the animal to make sense of the surrounding environment but
it also enables the measurement of the behavioral strategies the animal uses when making decisions. In
order to measure both activity from cortical populations and head and eye positions in the freely moving
animal we further developed our miniature 2-photon microscope to include two lightweight cameras for
ocular videography and a head tracking system. Using this approach we show that movements of the two
eyes in freely moving rats differ fundamentally from the precisely controlled eye movements used by
other mammals to maintain continuous ocular alignment.
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Variability, Compensation, Modulation, and Homeostasis
in a Rhythmic Neuronal Network

Eve Marder’

Brandeis University

Neurons and networks must constantly rebuild themselves in response to the continual and ongoing
turnover of all of the ion channels and receptors that are necessary for neuronal signaling. A good deal of
work argues that stable neuronal and network function arises from homeostatic negative feedback
mechanisms. Nonetheless, while these mechanisms can produce a target activity or performance, they
are also consistent with a good deal of recent theoretical and experimental work that shows that similar
circuit outputs can be produced with highly variable circuit parameters. This work argues that the nervous
system of each healthy individual has found a set of different solutions that give “good enough circuit
performance. Studies using the crustacean stomatogastric nervous system argue that synaptic and
intrinsic currents can vary far more than the output of the circuit in which they are found. These data
have significant implications for the mechanisms that maintain stable function over the animal’s lifetime,
and for the kinds of changes that allow the nervous system to recover function after injury.
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Shifting paradigms in neuropsychiatry

Hannelore Ehrenreich’

TMax Planck Institute of Experimental Medicine, Clinical Neuroscience, Hermann-Rein-Str. 3, 37075 Goéttingen, Germany

Neuropsychiatric diseases ranging from affective disorders, schizophrenia and autism to dementias are
diagnosed merely clinically, based on classification systems of mental diseases. Biomarkers or reliable
neuropathological features to support these diagnoses are missing. Modern imaging technologies,
despite revealing brain matter loss or functional alterations, have not yet assisted in defining objective
diagnostic criteria. These, however, will be essential for developing causal therapies.

Relying on the 'umbrella diagnoses' of classification systems, genetic analyses including genome-wide
association studies (GWAS) were undertaken but failed to provide insight into the biological basis of
these very heterogeneous diseases. 'Risk genotypes' of unknown significance and low odds ratios of
mostly <1.2 were extracted and confirmed by including ever increasing numbers of individuals in large
multicenter efforts. As expected, the low odds ratios persisted. Importantly, most of the so identified
'robust' GWAS risk markers or otherwise detected 'disease genes', e.g. DISC1, do not respect disease
borders but are associated with affective diseases, schizophrenia, autism, dementias, personality
disorders or mental health.

Hence, schizophrenia and other neuropsychiatric diseases are highly complex, multigenetic diseases
with numerous potential environmental co-factors influencing disease onset and course. We hypothesize
that hundred thousands of genetic constellations - together with environmental 'second hits' - are able to
cause the individual disease. This explicates why incidence and prevalence of mental diseases are so
high and why mutations, including copy number variations, explain only a tiny part of variance.

A considerable proportion of the population across cultures (likely 50%) may harbor the genetic make-up
for developing a mental disease whereas the remaining 50% of individuals could never acquire it due to
absence of respective genetic prerequisites. Only in a small fraction of risk carriers the disease will break
out, co-induced by a multitude of external inputs, while the bulk of carriers will stay healthy and forward
their predisposition to following generations.

Lack of biologically based diagnoses and non-existence of disease genes force us to re-consider our
approach to mental diseases. A 'start from scratch' by elucidating the contribution of genotypes to
phenotypes and so re-defining disease entities will be tough but crucial. We have termed this approach
PGAS ('phenotype-based genetic association study'). Ultimate goal is the definition of biological
subgroups of mental diseases. Forthat purpose, the GRAS (Goéttingen Research Association for
Schizophrenia) collection was initiated in 2005. With >3000 phenotypical data points per patient, it
comprises the world-wide largest currently available database of phenotypically well characterized
schizophrenic patients (N>1200), obtained under highly standardized conditions by one clinical research
team. Most GRAS patients agreed to be re-visited for follow-up studies.

As first proof-of-principle for this novel, labor-intense direction, an autistic subphenotype of schizophrenia
has been defined where an unfortunate accumulation of frequent normal genotypes, so-called pro-
autistic variants of synaptic genes, explains a high percentage of phenotypical variance. Along these
lines, a psychomotor and a schizoaffective subphenotype of schizophrenia are presently genetically
characterized.
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Cholinergic Neuropharmacology of visual attention

Alexander Thiele!

"Newcastle University, Institute of Neuroscience, Framlington Place, NE2 4HH Newcastle upon Tyne, United Kingdom

Attention exerts a strong influence over neuronal processing in cortical areas. In V1, the attentional
modulation of firing rates is dependent on cholinergic (muscarinic) mechanisms 1, suggesting an
involvement of cholinergic inputs from the basal forebrain. However, the traditional assumption is that
attention is implemented through top-down feedback from higher cortical areas, where cholinergic
modulation of attentional signals might equally be effective and where nicotinic receptors might be
involved too. We show that cholinergic modulation of neuronal activity in area V4 and FEF is stronger
than in area V1. It is largely similar between area V1 and V4, but It has different signatures in FEF.
Finally we investigated the implementation of presumed feedback at the transmitter/receptor level
targeting the glutamatergic (NMDA receptors and non-NMDA receptors) system. We show that
ionotropic glutamatergic receptor activation is required for attention induced rate variance, noise
correlation and LFP gamma power reduction in macaque V1, but not for attention induced rate
modulations. Conversely, ACh exclusively affects the rate modulatin, not the variance and covariance
modulations in V1. Our results demonstrate that attention improves sensory processing by a variety of
mechanisms which are dissociable at the receptor level.

1 Herrero, J. L. et al. Acetylcholine contributes through muscarinic receptors to attentional modulation in
V1. Nature 454, 1110-1114 (2008).
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Basal forebrain stimulation regulates contrast
sensitivity in primary visual cortex

Gregor Rainer’

1University of Fribourg, Department of Medicine, Chemin du Musée 5, 1700 Fribourg, Switzerland

The basal forebrain (BF) regulates cortical activity by the action of cholinergic projections to the cortex.
At the same time, it also sends substantial GABAergic projections to both cortex and thalamus, whose
functional role has received far less attention. We used deep brain stimulation (DBS) in the BF, which is
thought to activate both types of projections, to investigate the impact of BF activation on V1 neural
activity. The spontaneous V1 local field potential often exhibited spectral peaks centered at 40 and 70Hz
as well as reliably showing a broad gamma -band (30 -90Hz) enhancement following BF stimulation,
whereas effects in a low frequency band (0.1-10Hz) were less consistent. BF stimulation robustly
enhanced V1 unit activity, led to moderate decreases in orientation selectivity and aremarkable
enhancement in contrast sensitivity. The broad gamma-band, rather than low frequency activity or
spectral peaks was the best predictor of both the firing rate increase and contrast sensitivity
enhancement of V1 unit activity. We argue that in addition to cholinergic modulation, the BF GABAergic
projections play a crucial role in the impact of BF DBS on cortical activity.
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Laminar aspects of cholinergic effects on primary visual
cortex

Julia Veit!

1Univers.ity of Fribourg, Medicine, Chemin du Musée 5, 1700 Fribourg, Switzerland

The distribution of nicotinic and muscarinic cholinergic receptors in cortex across cortical layers together
with the termination pattern of cholinergic projections is thought to have a major influence on how the
basal forebrain (BF) cholinergic activation impacts information processing in the cortex. We present data
from laminar -specific pharmacological activation of each receptor type as well as BF deep brain
stimulation for both spontaneous and visually driven V1 activity. Nicotinic activation had largest effects in
the granular cortical input layer, strongly enhancing both spiking and local field potentials consistent with
a high density of nicotinic receptors on thalamo-cortical afferents. Muscarinic activation, as well as BF
stimulation, most strongly impacted infragranular layers - particularly for spontaneous activity - consistent
with the termination of BF cholinergic axons preferentially targeting these layers. Our findings highlight
the diverse nature of cholinergic neuromodulatory impact on cortical processing that depends heavily on
cortical layer and cholinergic receptor type.
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Cholinergic modulation of visual perception in rodents

Elvire Vaucher!

TUniversité de Montréal, School of optometry, CP 6128 succursale centre-ville, H3C 3J7 Montreal, Canada

Acetylcholine has been shown associated with visual attention and learning mechanisms in the primary
visual cortex (V1). This neurotransmitter modulates neuronal responses and cortical plasticity through
muscarinic and nicotinic receptors. Particularly, activation of the cholinergic system paired with visual
stimulation induces a long-term increase of visual evoked potentials (VEP) through muscarinic receptors.
The present study investigated whether such visual-cholinergic pairing could result in behavioral change,
i.e. improved visual performance in rats. Visual acuity for a non-optimal sinusoidal grating (30°
orientation, which elicits responses in a small population of in V1 neurons in naive animals), was tested
before and after two -week paired visual -cholinergic training. Moreover, itwas examined whether
muscarinic receptor (MAChR) deletion could modify the functional organization of V1 in mAChR KO
mice.

Basal visual acuity of Long-Evans rats was measured using the visual water maze. Daily visual training
(sinusoidal grating, 0.12 cycle/degree, 30° orientation) paired or not with electrical cholinergic stimulation
was then performed during the two weeks in controls and rats with a 192 -IgG saporin-induced
cholinergic deficit. The post-training visual acuity as well as VEP were measured. The visual cortex of
urethane anesthetized mice lacking M1, M1/M3 or M2/M4 mAChRs and wild type animals was imaged by
in vivo optical imaging of intrinsic signals to measure the sensitivity of the mice to spatial frequency and
contrast, as well as retinotopic maps along elevation and azimuth.

The mean baseline visual acuity to the 30° orientation grating prior to any experiment was 0.73+0.06
cycle/degree. Only the visual -cholinergic stimulated group showed a significant enhancement of this
value (0.87+0.04 cycle/degree, p<0.05, one-way ANOVA), with orientation selectivity. The other groups
(control, visual stimulation alone, cholinergic stimulation alone or 192-19G saporin cholinergic deficit) did
not show any enhancement of visual acuity. Analysis of VEP as a measure of neuronal activity also
indicated a significant increase in amplitude of the response in V1 of the visual-cholinergic stimulated
group (348 vs 156 uV, p<0.05). Altered retinotopic map and sensitivity of V1 was detected in mAChRs
KO mice. The spatial frequency sensitivity and receptor field index were decreased in M1 -KO and
M1/M3-KO and the scatter along azimuth (index of good neural connectivity) was increased in M2/M4-
KO mice compared to WT.

Our results demonstrated that the pairing of the cholinergic system activation with visual training
improved the visual performance of the animals. This might be explained by the role of mMAChRs in the
functional organization of V1. These results confirm that the increase of cortical response induced by
cholinergic activity plays a significant role in visual learning. This study opens the possibility of
establishing efficient rehabilitation strategies for facilitating visual recovery.
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Cholinergic Enhancement of Visual Attention and Neural
Oscillations in the Human Brain

Markus Bauer1, Christian Klugez, Dominik Bach3, Raymond J Dolan4, Jon Driver®

TUCL, Wellcome Trust Centre for Neuroimaging, 12 Queen Square, WC1N3BG London, United Kingdom

Cognitive processes such as visual perception and selectivett attention induce specific patterns of brain
oscillations. The neurochemical basis of these orchestrated spectral changes in neural activity remains
unknown, but neuromodulators are thought to regulate processing. The cholinergic system is linked to
attentional function in vivo, while separate in-vitro studies found cholinergic agonists induce high-
frequency oscillations in slice -preparations, leading to theoretical proposals that cholinergic
enhancement of visual attention might operate via gamma oscillations in visual cortex. Here we applied a
cholinergic agonist (physostigmine) during a spatial visual attention task in humans, while recording
cortical oscillations. The cholinergic agonist enhanced attentional lateralization of low-frequency
alpha/beta oscillations in visual cortex. This related closely to the drug -induced enhancement of
performance. By contrast, the cholinergic agonist did not alter high -frequency gamma oscillations in
visual cortex. The attention related lateralisation in alpha-power was accompanied by hemisphere-
specific oscillatory coupling between frontal, parietal and occipital areas in the alpha-bands. Like the
observed attentional modulation of alpha-power, this coupling was strengthened by the cholinergic
agonist.

The observed results will be discussed in the context of a neural model relating the observed results and
the dissociation between high and low frequency bands to layer specific activation patterns associated
with feedback and feedforward projections.
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Cholinergic modulation of visual attention as assessed
with pharmacological fMRI

Christiane M Thiel

1University of Oldenburg, Department of Psychology, Ammerlander Heer Str 114-118, 26111 Oldenburg, Germany

In recent years the rapidly growing use of functional magnetic resonance imaging (fMRI) in conjunction
with psychopharmacology has increased our knowledge about brain mechanisms underlying the
cholinergic modulation of attention. The talk will deal with the role of the cholinergic agonist nicotine in
selective attention in humans. In a series of pharmacological fMRI studies in healthy volunteers, we were
able to demonstrate that the cholinergic agonist nicotine reduces the time needed for reorienting
visuospatial attention. This was accompanied by a reduction of the fMRI signal in the posterior parietal
cortex. Using multivariate data analyses we were further able to show that the behavioural effects of
nicotine can be predicted by brain activity under placebo. Genetic fMRI studies additionally suggest that
depending on CHRNA4 genotype, different brain networks are used for reorienting selective attention.

Finally I will address the use of resting state fMRI studies and graph analytical approaches in
understanding how nicotine modulates human brain activity.
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Synaptic interactions in the outer retina of the mouse

Robin Kemmler1, Thomas Euler1, Timm Schubert’

'Centre for Integrative Neuroscience, Ophthalmic Research, Otfried-Muller-Str. 25, 72076 Tubingen, Germany

Introduction/Methods

At the very first synapse of the visual system, the photoreceptor synapse, horizontal cells (HCs) provide
inhibitory feedback to cone photoreceptors (cones). This feedback is thought to dynamically adapt the
working range of cones to the ambient light and to contribute an outer retinal component to the
generation of antagonistic receptive fields. Based on data from different vertebrate species, three distinct
types of mechanisms have been proposed to be involved in the feedback from HCs to cones:
hemichannel-based ephaptic, pH-mediated and GABAergic feedback (reviewed in Thoreson and Mangel,
Prog Retin Eye Res, 2012). The present study aims at investigating which of these feedback
mechanisms are present in the mouse retina and, in case there are multiple candidates, whether these
mechanisms operate in parallel or under different conditions. As all feedback mechanisms described so
far modulate cone output, our approach was to assess the effect of HC feedback on light-evoked Ca2+
responses measured in cone terminals of a transgenic mouse using two -photon microscopy. In this
mouse line (HR2.1:TN-XL; Wei et al., J Neurosci, 2012), cones selectively express the Ca2+ biosensor
TN-XL wunder the control of the human red opsin promoter. Feedback mechanisms were
pharmacologically dissected using light stimuli of different polarity (stimuli darker or brighter than
background light intensity) and contrast.

Results

Application of Carbenoxolone, a gap junction blocker, increased both resting Ca2+ level and amplitude of
light-evoked Ca2+ responses, suggesting the presence of hemichannel-mediated ephaptic feedback in
mouse. Clamping extracellular pH with HEPES reversibly reduced the initial peak of dark-evoked Ca2+
responses, which argues against an involvement of protons in inhibitory feedback from HCs to cones but
rather suggests that protons play a role in an “excitatory” feedback mechanism shaping cone responses
to dark flash-stimuli. Finally, preliminary experiments in which we mimicked a potential GABAergic
feedback mechanism by applying GABA, decreased the amplitude of light -evoked Ca2+ responses,
consistent with the GABAergic HC feedback hypothesis.

Conclusions

Our data support the presence of ephaptic and GABAergic feedback functioning as inhibitory feedback
mechanisms in the mouse retina. A pH-mediated mechanism, however, may provide “facilitory” feedback
from HCs to cones. Thus, all three feedback mechanisms may be employed in the outer retina to shape
the synaptic output from cones.

Support: DFG (EXC 307; CIN Pool Project 2011-05)
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Using fluorescent proteins to investigate synaptic
transmission of visual information

Leon Lagnado1, Anton Nikolaev'

TMRC Laboratory of Molecular Biology, Neurobiology Division, Hills Road, CB2 0QH Cambridge, United Kingdom

Synapses are perhaps the most numerous computational elements within neural circuits. The process of
chemical transmission can transform neural signals and, because synapses are plastic, these
transformations can be altered over different time -scales to adjust the input-output relation of the circuit
as a whole. We therefore need to assess the activity of large populations of synapses if we want to
understand how neural circuits function. | will describe two experimental strategies that allow the synaptic
basis of circuit function to be studied in vivo by imaging of genetically-encoded reporters. The first uses a
pHluorin-based reporter of synaptic vesicle fusion (Miesenbdck et al., 1998; Granseth et al., 2006), and
the second is the localization of genetically-encoded calcium indicators to presynaptic terminals (Dreosti
et al., 2009). | will illustrate how these reporters can be used to analyze circuit function with examples
drawn from our work on the synaptic processing of visual information in the retina (Dreosti et al., 2011;
Baden et al., 2011; Odermatt et al., 2012). These strategies are allowing us to investigate how
populations of synapses encode and transform the visual signal in the retina, revealing how the visual
signal is first converted from an analogue format into spikes, and the mechanisms of synaptic plasticity
that alter the input-output relation of the retinal circuit.

1. Baden, T., F. Esposti, A. Nikolaev, and L. Lagnado. (2011). Spikes in retinal bipolar cells phase-
lock to visual stimuli with millisecond precision. Current Biology, 21: 1859-18609.

2. Dreosti, E., B. Odermatt, M.M. Dorostkar, and L. Lagnado. (2009). A genetically encoded reporter
of synaptic activity in vivo. Nature Methods, 6: 883-889.

3. Dreosti, E., F. Esposti, T. Baden, and L. Lagnado. (2011). In vivo evidence that retinal bipolar cells
generate spikes modulated by light. Nature Neuroscience, 14: 951-952.
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The bipolar cell terminal as a selective spatio-temporal
filter

Tom Baden':2, Philipp Berens'!:3, Matthias Bethge1’3, Thomas Euler!:2

1Universi’[y of Tibingen, CIN/BCCN , Otfied Maller Str. 25, 72076 Tubingen, Germany
2|nstitute for Ophthalmic Reserach

3MPI for Biol. Cybernetics

The visual signal impinging on the photoreceptor array is passed through a series of spatio-temporal
fiters at the level of bipolar and ganglion cells before being passed to the brain as ~20 parallel
representations of the visual world. Key processing steps occur within the retina’s two synaptic layers,
the outer and inner plexiform layers (OPL, IPL). In the OPL of the mouse retina, dendrites of ~10-12
different types of bipolar cells integrate visual information forwarded from photoreceptors, under
modulatory control of horizontal cells, setting up the initial building blocks from which complex “trigger
features” are subsequently extracted by retinal ganglion cells in the IPL. Here, lateral inputs from
amacrine cells directly impinge on ganglion cell and bipolar cell synapses further shaping the visual
signal. To understand the visual signal harbored in BC terminals is therefore pivotal to our understanding
of retinal circuit function. We characterized the ex-vivo light-response properties of mouse BC types by
calcium imaging of synaptic terminals in the whole-mount retina and found that BCs can be reliably
clustered based on their temporal properties and their propensity to generate spikes alone. The identified
functional BC outputs are organized in a kinematopic map across different |IPL strata, with fastest
projecting centrally and slower cells projecting to either edge. Moreover, the fastest BC types generate
all-or-nothing spikes, thereby enhancing time -precise processing of visual signals in the retina. But
bipolar cells typically possess in the order of 20-30 individual axonal terminals, with potentially different
intrinsic properties, at different electrotonic distance from the axon, each under modulatory control by a
potentially different subset of amacrine cells. This suggests that individual bipolar cell terminals
belonging to the same cell may represent differential space-time filters, thereby vastly expanding the
wealth of signal diversity available to RGCs towards the extraction of highly specific trigger features.
Indeed, already very basic properties of individual synapses, such as presynaptic bouton size
fundamentally impact temporal processing by individual terminals (work on fish, collaboration with L
Lagnado). Using 2P calcium imaging of light-evoked signals within individual terminals belonging to the
same mouse BC we show that mouse bipolar cells systematically multiplex visual stimuli into distinct
parallel channels represented by individual terminals (collaboration with R Smith and WR Taylor).
Preliminary data suggests that key differences between signals forwarded by different terminals extend
to the kinetic and polarity domain, rather than the spatial domain. Finally, we also estimate
spatiotemporal receptive fields in individual postsynaptic sites along RGC dendrites under the same
experimental conditions used for recording from BC terminals and complement our approach with
population imaging of light -evoked calcium responses within RGC somata towards a more complete
understanding of temporal processing in the mammalian retina.
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Local computations in dendrites and axons of the inner
retina.

Robert G Smith’

1Univers.ity of Pennsylvania, Department of Neuroscience, Rm 123, Anat-Chem Bldg /6058, 422 Curie Blvd., 19104
Philadelphia, PA, USA

The retina contains multiple parallel channels that perform specific signal processing functions on visual
signals. About 20 ganglion cell types derive their unique signals from ~10 bipolar cell types and more
than 20 amacrine cell types. The signal processing is performed by local circuits mainly in the inner retina
where each type of ganglion cell is thought to receive synaptic inputs from a unique microcircuit. But how
synaptic inputs are summed and processed in local interactions within distal compartments of the cell is
not well understood. Computational models can help, because over the past 4 decades they have shown
that synaptic processing in dendrites can perform powerful signal processing functions.

Using a computational model, we showed that partial isolation of distal compartments in a neuron gives
excitatory post-synaptic potentials in the dendritic tips a directional bias for centrifugal motion aligned
with the dendrite's orientation. This "intrinsic DS" mechanism may be responsible for the initiation of
directional signals in the starburst amacrine cell. We showed that the directional signal in the dendritic tip
depends on partial electrotonic isolation from the soma, because with too much or too little isolation it is
impaired. At the dendritic tip, Na channels amplify the directional signal, which controls the release of
GABA that carries the directional signal to the direction-selective ganglion cell (DSGC).

The DSGC also relies on signal processing within partially isolated dendritic compartments. It receives
excitatory and inhibitory synaptic inputs over its entire dendritic arbor, and the orientation of its dendrites
also generates an intrinsic DS. Each dendritic compartment sums excitation and inhibition that are
directional to some degree. Dendritic Na channels amplifiy the post-synaptic potentials when the balance
of excitation and inhibition sufficiently depolarizes the local compartment. This highly nonlinear
processing amplifies the directional difference, resulting in a spike train that is several-fold more
directional than its synaptic inputs. This arrangement allows the cell to respond robustly to a small
stimulus anywhere in its dendritic arbor.

Bipolar cells may perform a similar type of processing in their axonal arbors, for their axonal branches
are are very fine and can serve to isolate synaptic boutons. Recent reports have shown that the axonal
arbors of some On and Off bipolar cell types can generate spikes, and inhibitory feedback onto a bipolar
cell may originate in different types of amacrine cells. A computational model shows how local signal
processing may function in the axon. A strong light response may generate a spike in the proximal axon
that without inhibition can propagate reliably to all the terminal boutons. In very fine terminal branches, a
spike propagating from the proximal axon can be blocked in distal boutons by strong inhbition. A weak
light response that does not reach spike threshold can be modulated by local inhibition to generate
differerent waveshapes in different terminal boutons. This mechanism allows a bipolar cell's output to be
tuned simultaneously for different postsynaptic cells by its axonal morphology and the inhibitory feedback
it receives.

Depending on the specific morphology of the cell and its biophysical properties, a dendrite or axon can
be partially isolated from the soma, and thus can perform a variety of local computations independently.
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Feedback mechanisms of rod bipolar cells in the
healthy and diseased retina

Espen Hartveit1, Aurea Castilho1, Eirik Madsen1, Margaret Veruki'

1University of Bergen, Department of Biomedicine, Jonas Lies vei 91, N-5009 Bergen, Norway

In the outer retina, rod and cone photoreceptors make glutamatergic ribbon synapses with rod and cone
bipolar cells, respectively. Whereas cone bipolar cells can be classified into appr. 10 different populations
with axon terminals that stratify at specific levels of the inner plexiform layer, rod bipolar cells seem to
basically constitute a single type with axon terminals that stratify at a single stratum of the inner plexiform
layer. ON- and OFF-cone bipolar cells mediate glutamatergic synaptic input to ON- and OFF-ganglion
cells via ionotropic receptors at excitatory ribbon synapses in the inner plexiform layer. Rod bipolar cells
instead make excitatory ribbon synapses with two different types of amacrine cells, termed All and A17.
The synapses from rod bipolar cells onto these two types of amacrine cells occur as dyads, where a
synaptic ribbon in the bipolar cell axon terminal is apposed simultaneously to two postsynaptic
processes. The postsynaptic process belonging to the A17 amacrine cell provides a reciprocal synapse
back onto the rod bipolar terminal, seemingly the only output from this amacrine cell. The All amacrine
cells convey the rod visual signals by coupling into both the ON and OFF cone pathways: via sign-
conserving electrical synapses to ON-cone bipolar cells and via sign-inverting inhibitory synapses to
OFF-cone bipolar cells and OFF-ganglion cells.

There is strong evidence that the output from the rod bipolar axon terminals is controlled by several
negative feedback mechanisms operating in parallel. These mechanisms act directly on the presynaptic
axon terminal:

1. GABAergic feedback from the A17 amacrine cell, acting on GABA, and GABA receptors on the
rod bipolar axon terminals.

2. Activation of a glutamate transporter (EAAT5) associated with a non-stoichiometrically coupled
chloride current.

3. Suppression of voltage-gated Ca?* current by protons released during exocytosis of synaptic
vesicles from rod bipolar cells.

We will review recent work from several laboratories that has elucidated important aspects concerning
the detailed synaptic and molecular mechanisms involved in each of these actions, including their
relative magnitude and functional importance. We will also discuss recent work from our laboratory that
suggests how the GABAergic feedback from A17 amacrine cells can be changed during experimentally

induced diabetes mellitus, potentially involving a change of the Ca?* permeable AMPA receptors of the
A17 amacrine cells.
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Synaptic circuitry of a small bistratified amacrine cell in
primate retina

Sonja Neumann', Marek Zajac1, Christian Puller?, Maureen Neitz?2, Silke Haverkamp1

TMax Planck Institute for Brain Research, Neuroanatomy Research Unit, Deutschordenstral’e 46, 60528 Frankfurt am Main,
Germany;

2University of Washington, Department of Ophthalmology, Seattle

Within the vertebrate retina light signals are transduced by photoreceptors and transmitted via bipolar
and ganglion cells to higher visual areas of the brain. At each level of this canonical glutamatergic
pathway, neurotransmission is strongly affected by GABAergic or glycinergic inhibition. This fundamental
task in shaping basic neuronal response properties of the retina is accomplished by horizontal cells in
the outer and amacrine cells in inner retina. Although around 30 different types of amacrine cells exist in
the mammalian retina, only little is known about their individual connectivity and function besides some
exceptions such as All or starburst amacrines.

Here we take an anatomical approach to investigate the connectivity of glycinergic small bistratified
amacrine cells within the macaque monkey retina. The amacrine cells were labeled with antibodies
against the protein synaptotagmin-2 (Syt2) in combination with different cell and synaptic markers.
Previously, we found that this amacrine cell type receives both, On- and Off-bipolar cell input. A
quantitative analysis revealed that the major source of Off-bipolar cell input originates from flat midget
bipolars and from type 1 diffuse bipolar cells (DB1) (Neumann & Haverkamp, J Comp Neurol, 2012).
Now, we investigated potential glycinergic feedback synapses onto these Off-bipolar cells using confocal
imaging and electron microscopy. Furthermore, we are trying to shed light on glycinergic inhibition onto
ganglion cells mediated by the small bistratified amacrine cell, using dye injections into single ganglion
cells of different types in combination with immunolabelings against Syt2 and the glycine receptor
subunits GlyRa1 and GlyRa2. First results show that the small bistratified amacrine cells provide
glycinergic input onto the M1 melanopsin-expressing ganglion cell via GlyRa2.

In summary, we describe in detail the synaptic connectivity pattern of a small bistratified amacrine cell
type and compare its circuitry with All amacrine cells of the rod pathway.

Support:
DFG grant HA5277/2-2
NEI EY09303, EY01730, NIH OD011189, Research to Prevent Blindness



Gottingen Meeting of the German Neuroscience Society 2013 82'7

Changes in the synchrony of cross-synaptic output of a
retinal neuron

William N Grimes!, Fred Rieke'

THHMI/UofWa, Physiology and Biophysics, 1705 N.E. Pacific Street, 98195 Seattle, USA

Specific patterns of synchronous signaling within neural networks shape the efficacy of synaptic
transmission, the development of highly-specific wiring configurations and computations that rely upon
correlated network activity. Correlations in spontaneous network activity (i.e. in the absence of stimulus
correlations) are driven by divergent output from upstream signaling/circuit components. Cross-synaptic
synchrony -- correlations in transmitter release across output synapses of a single neuron—underlies
network noise correlations and is a key determinant of the noise sources that limit the fidelity of signals
traversing a neural circuit, yet it has been technically challenging to study cross-synaptic synchrony
separately from other forms of synchrony. The anatomical connectivity between the rod bipolar and A17
amacrine cells in the mammalian retina provides a rare opportunity to make direct measurements of
cross-synaptic synchrony under near-physiological conditions.

Unlike many neurons in the CNS, rod bipolar cells do not produce all-or-none spikes in presynaptic
membrane potential, a mechanism for synchronizing transmitter release across synaptic boutons/outputs.
Instead rod bipolar cells, in addition to many other sensory neurons, convey visual signals via graded
changes in membrane potential. In the absence of a synchronizing mechanism, such as action potentials,
itis largely unclear how synchronized output synapses would be under physiological conditions. By
combining a quantitative inner-retinal wiring assessment with electrophysiological recordings from pairs
of highly-overlapping A17 amacrine cells we assess the cross synaptic synchrony of the rod bipolar cell’s
output across a range of physiological conditions. We find that the output synapses of individual rod
bipolar cells are near-perfectly synchronized in the dark, thus faithfully transmitting upstream signals and
noise to all postsynaptic targets. Dim background lights desynchronize release, which causes a
fundamental, but also reversible, change to the inputs to downstream circuit components.
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A theory of hippocampal function, and how it
Incorporates spatial view cells in primates and place
cells in rodents

Edmund Rolls’

1Oxford Centre for Computational Neuroscience, Department of Computer Science, University of Warwick, CV4 7AL Coventry,
United Kingdom

A quantitative computational theory of the operation of the hippocampus as an episodic memory system
is described. The CA3 system operates as a single attractor or autoassociation network to enable rapid,
one-trial, associations between any spatial location (place in rodents, or spatial view in primates) and an
object or reward, and to provide for completion of the whole memory during recall from any part. The
theory is extended to associations between time and object or reward to implement temporal order
memory, also important in episodic memory. The dentate gyrus performs pattern separation by
competitive learning to produce sparse representations, producing for example neurons with place-like
fields from entorhinal cortex grid cells. The dentate granule cells produce by the very small number of
mossy fiber connections to CA3 a randomizing pattern separation effect important during learning but not
recall that separates out the patterns represented by CA3 firing to be very different from each other,
which is optimal for an unstructured episodic memory system in which each memory must be kept distinct
from other memories. The direct perforant path input to CA3 is quantitatively appropriate to provide the
cue for recall in CA3, but not for learning. The CA1 recodes information from CAS3 to set up associatively
learned backprojections to neocortex to allow subsequent retrieval of information to neocortex, providing
a quantitative account of the large number of hippocampo -neocortical and neocortical-neocortical
backprojections. Tests of the theory including hippocampal subregion analyses and hippocampal NMDA
receptor knockouts are described, and provide support for the theory.

Recordings from single hippocampal neurons in locomoting macaques reveal that some neurons are
tuned to "spatial view". These hippocampal neurons (1) respond to a view of space “out there”, not to the
place where the monkey is; (2) have responses that depend on where the monkey is looking, as shown
by measuring eye position; (3) can still occur (especially for CA1 neurons) if the view details are
obscured with curtains; (4) that the cells (in e.g. CA1) retain part of their "space" tuning even in complete
darkness, for several minutes; (5) that the spatial representation is allocentric; and (6) that the
information about spatial view increases linearly with the number of cells in the representation. The
spatial representation may be different from that of place cells in rats because of the smaller field of view
of primates. It has also been shown that some hippocampal encode for objects, others for places in a
room, and others for a combination of objects and places, while a monkey is performing an object-place
memory task. This task is prototypical of episodic memory, and provides evidence that the primate
hippocampus does associatively link information about objects and allocentric information about places
“out-there”.

Rolls,E.T. (2010) A computational theory of episodic memory formation in the hippocampus. Behavioural
Brain Research 215: 180-196.

Rolls,E.T. (2008) Memory, Attention, and Decision-Making. Oxford University Press: Oxford.

Rolls,E.T. and Xiang,J -Z. (2006) Spatial view cells in the primate hippocampus, and memory recall.



Reviews in the Neurosciences 17: 175-200.
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The CRISP theory of hippocampal function in episodic
memory

Sen Cheng'

TRuhr University Bochum, Mercator Research Group "Structure of Memory", Universitaetsstr. 150, 44801 Bochum, Germany

| will propose an alternative theory for the function of the hippocampus in episodic memory, which |
believe to be more consistent with experimental evidence overall than the standard framework. The
CRISP theory integrates many components that individually have been discussed previously, but never
in a coherent framework. The crucial elements of our theory are Context Representation by the dentate
gyrus (DG), Intrinsic Sequences in CA3 and Pattern completion in CA1. A distinguishing feature of
CRISP is that associations are stored primarily in the feedforward network projections of the
hippocampus, not in the recurrent CA3 synapses. Episodic memories of events are represented as
sequences of neural activity. To store episodic memories, sequences of external stimuli are mapped onto
intrinsic sequences in CA3, rather than imprinted into the plastic CA3 recurrent network. CA1 performs
pattern completion and can therefore compensate for any distortions that were introduced in the recall of
sequential elements in CA3. DG needs to override the CA3 intrinsic dynamics to initiate recall and to
enable the storage of similar sequences. | will introduce the theory and discuss how this new theory can
yield a more consistent interpretation of the major results in hippocampal research than the standard
framework. If time permits, | will discuss some initial modeling results that argue in favor of the CRISP
theory.
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Are memories really stored in the hippocampal CA3
region?

Torsten Neher1, Sen Chengz’3, Laurenz Wiskott1:2

Tnstitut fiir Neuroinformatik, Ruhr-Universtat Bochum, Universitatsstr. 150, 44801 Bochum, Germany
2|nternational Graduate School of Neuroscience, Ruhr University Bochum

3Mercator Research Group “Structure of Memory” and Faculty of Psychology, Ruhr-University Bochum, Universitatsstr. 150, D-
44780 Bochum, Germany;

Undoubtedly, the hippocampus is crucial for memory formation: Patients with a lesioned hippocampus
have profound deficits in acquiring new episodic memories (Milner et al., 1968 ). Furthermore, the
hippocampus has a remarkable anatomical structure. It can be divided into the dentate gyrus with its
huge number of small granule cells that show low activity (Leutgeb et al., 2007) and the areas CA3 and
CA1 consisting of a homogeneous set of pyramidal cells, where in CA3 a striking number of neurons are
recurrently connected. A further notable property is that the connection among the subregions is
established largely in a feed forward manner (Amaral et al., 1990).

The question that arises is, how does this peculiar anatomical structure serve memory formation? We
have developed a computational system model of the hippocampus that mimics its anatomy. A memory
or episodic event is interpreted as a pattern of activation of a set of neurons in the entorhinal cortex, the
hippocampal input structure. Once a memory is stored in the network, recall is modeled by presenting the
network a recall cue, i.e a corrupted or incomplete version of this memory and retrieval is considered
successful, if the whole pattern could be reconstructed. In this framework it is now possible to investigate
which storing mechanisms are the most effective ones and whether the special anatomy described above
is essential for memory function.

In particular, we review the common idea that memories are mapped into CA3 and then stored in its
recurrent fibers. It has been suggested that this region functions as an auto-association memory (Matrr,
1971, Treves & Rolls, 1994, O'Reilly and McClelland, 1994, McNaughton and Morris, 1987). An auto-
association memory is a recurrent network that stores patterns in its feedback connections and can
reconstruct these patterns when only partial versions of them are presented. The recalled patterns are
then transformed back into their original input versions via the CA1 region. Thus, the actual storing place
are the recurrent fibers and this idea could explain why there are so many of them in CAS.

Our results indicate that CA3 as an auto-association memory can reconstruct previously stored patterns.
This reconstruction, however, is also performed inevitably by transforming the patterns at later stages
back into their original versions, which has not been considered so far. Thus, we argue that memories
are already stored in the feed-forward connections from CA3 to CA1 while decoding is learned. Hence,
additional storing in the CA3 network becomes redundant challenging the idea of CA3 functioning as an
auto-association network.
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Neural oscillations, behavior, and interaction within the
hippocampal formations and between cortex and
hippocampus

Francesco P. Battaglia '

TRadboud Universiteit Nijmegen, Donders Centre for Neuroscience, Heyendaalseweg 135 , 6525 AJ Nijmegen, Netherlands

Neural oscillations are a possible mechanism for the interaction between brain areas, and the concerted
processing of information, | will briefly discuss two case studies, both centered on the hippocampus,
revealing interactions between these dynamical processing, the creation of cell assemblies, and the
expression of cognitive and behavioral functions.

1) Place coding in the hippocampus requires flexible combinations of sensory inputs with memory and
self-motion information. We show that, depending on the behavioral strategy spontaneously selected by
the animal on a complex (‘star’) maze, mouse CA1 hippocampal spatial representations may be
anchored to external landmarks, or reflect memorized sequences of cell assemblies. These
computational modalities correspond to profoundly different CA1 dynamical states, with changes in
network oscillatory dynamics at theta, low-gamma, and high-gamma frequencies, consistent with a shift
from entorhinal to CA3 input dominance on CA1 when switching from sensory-based to memory-based
spatial processing. This shift is disrupted in mice with a deletion of NMDA receptors in CA1, paralleling
impaired memory-based representations. We suggest that changes in oscillatory dynamics are key to the
selection of behaviorally appropriate computations in the hippocampus, and that control of these regimes
is @ major function of NMDA receptors.

2) A complex brain network, centered on the hippocampus, supports episodic memories throughout their
lifetimes. Classically, upon memory encoding during active behavior, hippocampal activity is dominated
by theta oscillations. During inactivity, hippocampal neurons burst synchronously, constituting sharp
waves, which can propagate to other structures, theoretically supporting memory consolidation. This
‘two-stage’ model has been updated by new data from high-density electrophysiological recordings in
animals that shed light on how information is encoded and exchanged between hippocampus and the
neocortex and subcortical structures.
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Sustained phase coupling of hippocampal single cell
firing to network oscillations under epileptic conditions

Antje Kilias', Ulrich P. Froriep12:3, Ute Hausler?, Arvind Kumar?3, Carola A. Haas3*,
Ulrich Egert!3

1University of Freiburg, Department of Microsystems Engineering — IMTEK, Laboratory for Biomicrotechnology, Germany;
2Faculty of Biology, University of Freiburg, Germany;
3Bernstein Center Freiburg, University of Freiburg, Germany;
4Experimental Epilepsy Research, Department of Neurosurgery, Faculty of Medicine, University of Freiburg, Germany

Epileptic seizures in mesio-temporal lobe epilepsy (MTLE) are transient events. In contrast, histological
changes in the hippocampal network associated with MTLE are persistent. How these changes
contribute to generation of epileptiform activity (EA) might not be trackable during excessive epileptic
discharges. We thus investigated activity free of epileptic events to identify modified properties of the
network. “EA-free” activity contains the same typical network oscillations observable under healthy
conditions such as theta and gamma rhythms.

Recently, the coupling within and across structures in theta and gamma frequency bands was found to
be changed in a mouse model of MTLE. In particular, the theta rhythm was phase-shifted between the
dentate gyrus (DG) and the medial entorhinal cortex (MEC) [1]. Furthermore, the local cross-frequency
coupling between theta and gamma activities in the DG was inverted [2]. Mechanisms underlying those
network effects on the cellular firing level are unknown.

Under healthy conditions, hippocampal neurons fire phase coupled with theta and gamma band local
field potentials (LFPs), but itis unclear whether this spike phase coupling is preserved under epileptic
conditions and further, whether phase shifted LFP are accompanied by shifted single cell activity.

In the present study we investigated the coupling of multi-unit activity (MUA) and LFP oscillations in the
intrahippocampal kainic acid mouse model for MTLE. Therefore, we implanted multisite silicon probes
into hippocampal and parahippocampal structures of epileptic and control animals. These custom made
probes allowed simultaneous recordings of LFPs and MUA in freely behaving animals.

We found that in the whole hippocampal formation neurons fire phase coupled with respect to theta and
gamma LFP rhythms under healthy as well as epileptic conditions. Remarkably, the theta phases at
which cells fired in epileptic animals were comparable to those in healthy mice. Furthermore, the
preferred coupling phases of neurons in the MEC and DG were independent of the distance to the
injection site with the most prominent histological changes. Therefore, shifted LFP theta rhythms between
hippocampus and MEC in MTLE imply a shift in single cell firing between both structures. This shifted
firing might tune the network towards seizure susceptibility by pathological plasticity.

e [1] Froriep et al. Altered theta coupling between medial entorhinal cortex and dentate gyrus in
temporal lobe epilepsy. Epilepsia (2012).

e [2] Froriep et al. Coupling changes across structures and frequencies in the hippocampus in
epilepsy. FENS Abstr. (2012).

This work was supported by the German Federal Ministry of Education and Research (FKZ 01GQ0420



and 01GQ0830) and the Deutsche Forschungsgemeinschaft (SFB TR3 and SFB 780).
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Neural mechanisms of spatial cognition

Neil Burgess'

TuclL, Inst Cognitive Neuroscience, 17 Queen Square, WC1N 3AR London, United Kingdom

Single unit recording in the hippocampal and entorhinal cortices of freely moving rodents provides
detailed information regarding the neural representations of spatial context. | will describe some of these
experiments and the computational mechanisms they imply, which emphasise the roles of environmental
boundaries and of intrinsic temporal oscillations in the theta band. | will then describe the implications of
these findings for the mechanisms supporting memory for spatial context, and provide examples of
electrophysiological, behavioral, neuropsychological and functional neuroimaging experiments designed
to test the resulting predictions.



S4

S4-1

S4-2

S4-3

S4-4

S4-5

S4-6

S4-7

Gottingen Meeting of the German Neuroscience Society 2013

Symposium

Non-invasive brain stimulation: mechanisms, effects
and opportunities

Physiological background of the effects of non-invasive brain stimulation
Michael A. Nitsche
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Physiological background of the effects of non-invasive
brain stimulation

Michael A. Nitsche

1University Medicine Goettingen, Dept. Clinical Neurophysiology, Robert-Koch-Str. 40, 37099 Goettingen, Germany

Reports about non-invasive electrical brain stimulation have been published sporadically since ancient
times, however, systematic research on this topic exists only for about one or two decades (Nitsche and
Paulus; 2000; Barker et al., 1985, Stefan et al. 2000). Since these seminal publications various
techniques of non-invasive brain stimulation have increasingly gained attention as these methods allow
exploring brain physiology including pathophysiological alterations and the physiological basis of
cognitive processes directly in humans, and have obvious advantages for potential clinical applications
(no surgery, relatively low costs). In most cases the stimulation protocols fall into 3 categories:
transcranial direct current stimulation (tDCS), transcranial magnetic stimulation (TMS) and alternating
current stimulation (tACS), the latter with a relatively active sub-field of repetitive transcorneal alternating
current stimulation (RTACS). Having clear evidence of the efficacy of non-invasive brain stimulation, it is
now of increasing interest to describe the underlying mechanisms. During the last years, knowledge
about involved neuronal populations, and cortical networks has increased considerably due to
electrophysiological, functional imaging, and pharmacological interventions. This enhances our ability to
apply tailored stimulation protocols for hypothesis -driven alterations of brain functions in health and
disease. An overview about the main physiological background of the above -emntioned stimulation
techniques will be given, including affected neuronal populations, and transmitter systems, as well as
systemic effects on cortical networks.
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Mechanisms of neuroprotection and neuroplasticity
after Repetitive Transorbital Alternating Current
Stimulation

Elena G. Sergeeva’

Otto-von-Guericke University of Magdeburg, Institute of Medical Psychology, Leipziger Strasse 44, 39120 Magdeburg,
Germany

Current stimulation is emerging as a new tool to manipulate central nervous system plasticity and
restoration. Most recently, we have induced recovery of vision by applying non-invasive repetitive
transorbital alternating current stimulation to patients with optic nerve damage. It was proposed that
visual field improvements were mediated by increased neuronal synchronization of residual visual system
structures and higher cortical areas.

For a better understanding of the mechanisms of action of current stimulation experiments in animals are
required. In preclinical studies using animal models it was revealed that transcorneal alternating current
stimulation (tACS) decreases acute death of retinal ganglion cells (RGCs) after optic nerve transection in
rats, but itis not known if cell survival is long -term and associated with functional restoration. We
therefore evaluated the effects of tACS in a rat model of optic nerve crush (ONC) based on anatomical,
electrophysiological and behavioural measures to clarify the potential domain(s) where the stimulation
has an effect and to further understand possible prerequisites of functional restoration.

Our results suggest that tACS induced long-term neuronal protection specifically from delayed retrograde
cell death after severe axonal damage but did not improve visual performance in a behavioural test. Also
it was not associated with changes in bioelectrical activity (EEG, VEP - visual evoked potentials),
recorded from visual cortex. However, we demonstrated that tACS can induce neuroplasticity in rodents
under certain circumstances, as shown by EEG “after-effects” that outlast the stimulation period. But this
“after-effects” are not seen when tACS is applied during deep anaesthesia and not when applied to
animals after severe optic nerve damage. We conclude that tACS requires a minimal level of brain
activation and is only effective to induce cortical plasticity when the retina can be excited.

To avoid this problem of low functional state of brain under narcosis, we set up a new preclinical tACS
model with unanaesthetized, freely -moving rats. The animals are stimulated via fine wire electrodes
implanted under the upper eyelid, and field potentials are recorded from visual cortex and superior
colliculus.

This technique enables us to find electrophysiological correlates of tACS and report for the first time
electrically evoked responses (EERs) by tACS in visual cortex of freely-moving animals. Evaluation of
amplitudes and latencies of components can reveal the EER origin, particularly when comparing the EER
with VEP. Thereby, it will be possible to identify the target site for tACS treatment and clarify optimal
parameter settings for tACS to achieve maximal visual responses.

With our experiments in rodents we like to further understand tACS and based on this to optimise the
treatment. Our results suggest that tACS acts via different mechanisms (neuroprotection as well as
neuroplasticity) and on different target structures (from retina to visual cortex).
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Targeting of transcranial Direct Current Stimulation

Marom Bikson

The City College of New York, Department of Biomedical Engineering, 160 Convent Ave, Room T-403B, 11238 New York,
USA

Transcranial direct current stimulation (tDCS) is a neuromodulatory technique that delivers low-intensity
currents facilitating or inhibiting spontaneous neuronal activity. tDCS is attractive since dose is readily
adjustable by simply changing electrode number, position, size, shape, and current. In the recent past,
computational models have been developed with increased precision with the goal to help customize
tDCS dose. The aim of this talk is to discuss the incorporation of high-resolution patient-specific
computer modeling to guide and optimize tDCS including (i) The clinical motivation and rationale for
models of transcranial stimulation is considered pivotal in order to leverage the flexibility of
neuromodulation; (ii) The protocols and the workflow for developing high -resolution models; (iii) The
technical challenges and limitations of interpreting modeling predictions, and (iv) Real cases merging
modeling and clinical data illustrating the impact of computational models on the rational design of
rehabilitative electrotherapy. Though modeling for non-invasive brain stimulation is still in its development
phase, itis predicted that with increased validation, dissemination, simplication and democratization of
modeling tools, computational forward models of neuromodulation will become useful tools to guide the
optimization of clinical electrotherapy.
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Getting the right site, can navigation help us access
non-primary motor areas: A sham-controlled serial
navigated TMS study

Stephan A. Brandt'!, Sein Schmidt’

1Charité, Dept. Neurology,, Charitéplatz 1, 10117 Berlin, Germany

Background: Premotor cortical regions (PMC) play an important role in the orchestration of motor
function. Direct modification of premotor functions with non-invasive brain stimulation has contributed to
our understanding of the effect that PMC modification has on the primary motor cortex (M1). Animal
studies and studies on stroke patients have shown how an M1 lesion affects the PMC. Here we
investigate with non-invasive brain stimulation the effect that M1 modification has on the
electrophysiological properties of the PMC, as well as consequences for motor performance.

Purpose: To determine if PMC neural activity changes to compensate for attenuated M1 excitability and
finger-tapping speed.

Hypothesis: Cathodal transcranial direct current (tDCS) inhibition of M1 will lead to a secondary increase
in ipsilateral PMC excitability.

Methods: We enrolled 16 healthy participants for this randomized, double-blind, sham-controlled,
crossover design study. All participants underwent navigated transcranial magnetic stimulation (nTMS) to
identify PMC and M1 as well as to evaluate electrophysiological measures of cortical, intracortical and
interhemispheric excitability. Cortical M1 excitability was inhibited using cathodal tDCS. Finger-tapping
speeds were used to examine motor function.

Results: Cathodal tDCS successfully reduced M1 excitability and motor performance speed. PMC
excitability increase lasted longer and was the only significant predictor of motor performance.
Conclusion: PMC compensates for attenuated M1 excitability and contributes to motor performance
maintenance.
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Brain plasticity and connectivity in neurological
diseases: the TMS contribution

Paolo Maria Rossini!, Michela Ferilli2

1.2Catholic University of The Sacred Heart, Institute of Neurology, Largo Gemelli 8, 00168 Rome, Italy

Transcranial magnetic stimulation (TMS) is a 20-year-old technique introduced for the firsttime to
noninvasively investigate nervous propagation along the corticospinal tract, spinal roots, and peripheral
nerves in humans.

TMS can be used to analyze the functional state of the cerebral cortex, discovering changes in its
excitability, connectivity and plasticity which may have occurred through processes such as learning or
recovery from a lesion.

Depending on stimulation parameters, TMS (particularly repetitive TMS) can transiently disrupt or
facilitate activity in a brain region participating to a functional network, providing an important tool for the
study of motor and sensory processes, attention, memory, language, and neuronal plasticity .

Plasticity is the mechanism for development and learning, but at the same time can represent a cause of
dysfunction. Plasticity is an intrinsic property of the human brain. It is the evolution’s instrument to enable
the nervous system to escape the restrictions of its own genome and therefore adapt to environmental
pressures, physiologic changes, and experiences. It has been broadly studied in the last decades
because it is considered the m echanism underlying several cognitive processes, and also because of its
potential therapeutic applications in neuropsychiatric disorders. Most of the studies about neural plasticity
concentrate on functional plasticity and Hebbian-like long-term potentiation (LTP) and depression (LTD),
which considers synapses and synaptic strengths as variable amplification factors within a hardwired
network structure.

TMS may affect the synaptic LTP and LTD by modulating neurotransmitter availability and postsynaptic
receptor density in cortical neurons, directly underlying the stimulus, and also among those connected to
them. TMS is a non-invasive tool which has been used to analyze the brain plasticity changes which
result from stroke and as a therapeutic method to improve motor function without risks. Many evidences
bring to the possibility that TMS induces an exogenous plastic rearrangement of synaptic efficacy in the
stimulated network. Most evidence comes from studies on sensorimotor areas, but the principles can be
suited to networks subserving cognition, emotion and mood regulation.

The structural plasticity concept is connected to the concept of anatomical brain connectivity. Anatomical
connectivity relates in fact to a network of synaptic connections linking both sets of neurons or neuronal
elements and their associated structural biophysical attributes encapsulated in parameters that include
synaptic strength or effectiveness.

Recently TMS-EEG studies have begun to describe the nature of the TMS- evoked EEG responses in
order to broaden the comprehension of the activation mechanisms of TMS.

Several studies have proved the power of TMS—-EEG by displaying many data about the excitability or
connectivity of the brain. Particularly, it has been proposed that the very first part of the TMS evoked
EEG response displays the excitability — that means the functional state - of the stimulated cortex while
its spatio-temporal distribution over the scalp displays the spread of activation to other cortical areas - via
intra and inter-hemispheric cortico -cortical connections as well as to sub-cortical structures and spinal
cord via projection fibres- reflecting the effective connectivity of the stimulated area.

Finally effective connectivity - a concept interesting in the EEG -TMS co -registration field - may be
considered as the fusion of structural and functional connectivity, as it describes networks of directional
effects of one neural element over another.
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A Tool for the Simulation of the Electrical Activity of
Realistic Neuron Morphologies in a Conductive
Extracellular Space

Andres Agudelo-Toro?, Andreas Neef1:2:3

TMax Plack Institute for Dynamics and Self-organization, Non linear dynamics, Am Fallberg 17, 37077 Goéttingen, Germany
2 Bernstein Focus Neurotechnology Géttingen, Germany

3 University Medicine Goéttingen, Germany

Externally applied electric fields and fields produced by cellular activity alter the function of neurons.
Recent findings show that endogenous fields act back onto the neurons, contributing to synchronization
of population activity. Externally produced fields are used in therapeutic approaches such as transcranial
direct current stimulation, transcranial magnetic stimulation and deep brain stimulation. The mutual
interaction between these fields and membrane currents is not captured by today's modeling tools of
neuronal electrophysiology, as those are based on isolated membranes in an infinite, isopotential
extracellular space. Still neurons live in a dense packing of cells where heterogeneities are common.
While a reduced set of Maxwell's equations can be used to couple membrane currents to extra- and
intracellular potentials, this approach is rarely taken, most likely because adequate computational tools
are missing. We present a numerical tool that implements this set of equations. The tool was constructed
as an open source software package which is now freely available to the community. It allows simulation
of cells under realistic conditions: a conductive, non-homogeneous space, sub-micron cell morphology,
mixed boundary conditions and various ion channel properties and distributions. The extracellular fields
are accurately represented, including secondary fields, which originate at inhomogeneities of the
extracellular space and can reach several millivolts. Example applications of this tool are presented.

FIGURE: Simulation with the tool of the potentials in and around a neuron on a dish firing action
potentials (AP). (A) The morphology of the simulated neuron is derived from an actual reconstruction.
Color/grayscale indicate the membrane potential and extracellular potential at the bottom of the dish in a
snapshot just after initiation of the AP (t=4.72ms, vertical line in B-D, dt=40us). The cell was stimulated
by injection of 100pA into the soma beginning at t=0.3 ms. The AP started in the axon initial segment
(20um away from the soma) which has a higher concentration of sodium and potassium channels. (B)
Time trace of an intracellular recording with a "virtual pipette" located at the end of the axon hillock
(marked as B in the main panel). (C) Time trace of the extracellular potential just outside the axon hillock.
(D) Extracellular potential as it would have been picked up by a surface electrode to the left of the soma
(gray circle, marked as D). (E) Extracellular potential along the line between markers D and C (t =
4.72ms). (F) 100ms of activity during current injection (84ms, same parameters). This computation took 6
hours and 27 minutes with a time-step of 100us.
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“Efficacy of non-invasive cortical stimulation:
applications in neurorehabilitation and combination
with training protocols"

Jorge Leon Morales-Quezada -2, Felipe Fregni’

"Neuromodulation laboratory, Spaulding Rehabilitation Hospital, Harvard Medical School. Boston, MA. USA.
2Health and Life Sciences, De Montfort University. Leicester, UK.

Brain stimulation applied in the field of neurorehabilitation has been used in the last 20 years. Although
its development has been steady, current advances in the techniques of brain stimulation have improved
its clinical efficacy. The use of non-invasive brain stimulation has significant advantages, such as not
involving surgical procedures and having relatively mild adverse effects. Two of these techniques are;
repetitive transcranial magnetic stimulation (rTMS) and transcranial direct current stimulation (tDCS),
which can be considered as therapeutic approach in physical and rehabilitation medicine. rTMS and
tDCS might have an important therapeutic value in different neurological and physical conditions.
Therapies for neurological rehabilitation still are not satisfactory. To date the best approach seems to be
the intensive physical therapy. However the results are limited and functional gains are often minimal.
The goal of neuro-cognitive training is to minimize functional and cognitive disability and optimize
recovery. This is thought to be achieved by modulation of plastic changes in the brain. Therefore, adjunct
interventions that can augment the response of the motor and sensory systems to the behavioral training
might be useful to enhance the therapy-induced recovery in neurological populations. In this context,
noninvasive brain stimulation appears to be an interesting option as an add-on intervention to standard
physical therapies. Two non-invasive methods of inducing electrical currents into the brain have proved
to be promising for inducing long-lasting plastic changes in motor systems: transcranial magnetic
stimulation (TMS) and transcranial direct current stimulation (tDCS). These techniques represent
powerful methods for priming cortical excitability for a subsequent motor task, demand, or stimulation.
Thus, their mutual use can optimize the plastic changes induced by motor practice, or cognitive
enhancements leading to more remarkable and outlasting clinical gains in rehabilitation. In this review we
will discuss how these techniques can enhance the effects of a behavioral intervention and the clinical
evidence to date.
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Development of orientation and direction selectivity in
mouse visual cortex neurons in vivo

Nathalie Rochefort’

1TUM, Institut for Neuroscience, Biedersteiner strasse 29, 80802 Munich, Germany

Throughout the visual system of vertebrates, neurons are tuned to respond to different features of a
visual scene such as the position or the orientation of a given object. | have used the method of in vivo
two-photon calcium imaging to study the development of spontaneous and evoked activity in the mouse
primary visual cortex. In this talk, | will show two applications of this method, both at the level of neuronal
populations and of individual dendrites and spines.

In the first study, | will address a vigorously debated question in sensory system physiology: how do
neurons in the primary visual cortex acquire their functional properties? The results have shown that
before eye-opening, the spontaneous activity of layer 2/3 neurons consisted of slow wave oscillations
with a large fraction of neurons being synchronously active. One day after eye-opening, this dense mode
of recruitment changes to a sparse mode. Interestingly, this switch in spontaneous network activity
correlated with the emergence of neuronal functional selectivity. Neurons selective for the orientation of
drifting gratings were detected just after eye opening and nearly all of them were also highly tuned for the
direction of stimulus motion. Later on, the number of neurons responding to drifting gratings increased in
parallel with the fraction of neurons that were orientation, but not direction, selective. These results
revealed surprising insights that are in sharp contrast to the results previously obtained in the ferret. In
addition, this study offers a new model system for understanding how direction selectivity arisesin a
manner independent of visual experience.

In parallel to the study of layer 2/3 neuron selectivity, | have investigated the relationship between the
inputs that these neurons receive at the level of their dendrites and the specific output firing pattern. An
intriguing open question is whether sensory inputs with similar features are clustered on the same
dendrite of a neuron or dispersed throughout the dendritic tree. | have worked on a novel approach for
the visualization and functional mapping of sensory inputs to the dendrites of cortical neurons in vivo.
Previous work has identified visually-evoked local dendritic calcium signals (,hot spots®; Jia, Rochefort et
al., Nature, 2010) in the mouse visual cortex. However, visually-evoked signaling on the level of dendritic
spines, corresponding to individual afferent excitatory synapses, remained unexplored. To analyze spine
signaling during spontaneous and visually-evoked activity in vivo, layer 2/3 pyramidal neurons were first
electroporated with a calcium dye and then targeted for cell-attached recordings. By using the ‘low power
temporal overSampling (LOTOS)’ variant of two photon microscopy that was recently shown to facilitate
single spine imaging in vivo (Chen et al., Nature, 2011), single spine calcium signals were recorded in
parallel with the somatic spiking activity. Importantly, distinct single spine calcium signals could be
identified in response to visual stimulation. Such active spines were widely distributed on basal and apical
dendrites and drifting grating stimulation revealed both narrowly and widely tuned spines forthe
orientation and the direction of the gratings. These results provide strong support to the notion that the
previously identified ‘hot spots’ represent single spine synaptic inputs.
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Critical Period Plasticity and Binocular Matching in the
visual cortex

Jianhua Cang’

"Northwestern University, Neurobiology, 2205 Tech Drive, Hogan 2-160, 60208 Evanston, USA

Critical periods are restricted time windows in postnatal development when sensory and motor
experiences shape neural circuits in the brain. Recent studies in mice have started to reveal the genetic
and epigenetic mechanisms that control the opening and closure of the critical periods. However, the
functional significance of the proper timing of the critical period in normal development still remains
unclear. We addressed this issue in the visual system, where critical period plasticity has been
extensively studied in the form of ocular dominance (OD) plasticity. We previously discovered that normal
vision during this critical period drives the binocular matching of orientation preference in the mouse
primary visual cortex (Wang, Sarnaik, and Cang, 2010). In this study, we examined binocular matching in
mice that have precocious OD plasticity due to the overexpression of brain-derived neurotrophic factor
(BDNF-OE, Huang et al, 1999). Surprisingly, the orientation preference of individual cortical neurons is
binocularly mismatched in the BDNF-OE mice. The disruption in binocular matching is specific to
complex cells, but not simple cells, and such a deficit is completely phenocopied by treating wild type
(WT) mice pharmacologically to enhance inhibition maturation. With simple and complex cells
representing successive stages in visual information processing, we further examined the time course of
their binocular matching in WT mice. Simple cells are found to match before complex cells, suggesting
that the matching deficits in the transgenic and pharmacologically -treated mice may result from the
precocious closure of critical period plasticity before the normal matching in complex cells. We further
show that environmental enrichment completely rescues the deficit by shifting the matching process to
coincide with the precocious plasticity. Together, our experiments indicate that a properly-timed critical
period is required for establishing normal binocularity and its genetic misregulation can be rescued by
environmental enrichment during development.
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Active self-organization of a disordered arrangement of
orientation preference in the visual cortex

Juan Daniel Flérez Weidinger 1 Wolfgang Keill:2, Dmitry Tsigankov5, Michael
Schnabel?, Matthias Kaschube®, Fred Wolf!+2:3

TMax Planck Institute for Dynamics and Self - Organization , Nonlinear Dynamics , Géttingen , Germany
2Bernstein Center for Computational Neuroscience, Géttingen , Germany
3Georg August Universitat Gottingen , Germany
4 Engineering Sciences and Applied Mathematics, Northwestern University, Evanston, IL, USA.

4Goethe-Universitat Frankfurt am Main, Germany

Response characteristics of orientation tuned neurons in the visual cortex appear to be similarin
mammalian lineages widely separated in evolution. The spatial arrangements of tuning properties across
the cortex, however, show fundamental differences. While in primates and carnivores orientation
preference varies progressively forming orientation maps, in rodents it appears to be randomly
distributed. The developmental processes and evolutionary origins of these two opposite layout-types
remain enigmatic. Previous research in our group showed that columnar orientation maps realize a
common design, where layout statistics like pinwheel density and pinwheel nearest neighbour distance
are conserved even in different species widely separated in evolution. This common design naturally
emerges by activity-dependent self-organization of large scale neuronal circuits when orientation
selective long range interactions are present (Kaschube et al., Science 2010). Here we show that cortical
circuit self-organization can also explain the rodent layout type. We construct a model where neurons
interact in a distance dependent manner both with isotropically and with orientation selective inhibition
and excitation. By symmetry this model has a large set of exact map solutions. Analytically examining
their stability, we find that, independent of the fraction of selective interactions, when local circuits are
predominantly suppressive all map solutions are unstable and an interspersed organization is actively
generated. Numerical simulations show that the final arrangement of orientations is not random, showing
a weak negative correlation between nearest neighbours and an increased homogeneity. Because of the
high amount of similar disordered solutions the energy barriers between them seem shallow, making the
system suffer from a substantial dynamical lability of neuronal selectivities compared to columnar
architectures. A recent report indicates that the orientation preference in the two eyes are matched after
the initially independent development of orientation selectivity in each eye (Wang et al., Neuron 2010).
Therefore, we examine generalizations of the model to two eyes and identify a parameter regime in which
the eyes are only matched after the emergence of selectivity. The interspersed structure is preserved
while the difference in response to inputs between the eyes is dynamically decreased. Finally, using a
stimulus-driven model with dynamics based on neural learning of visual stimulus representations we
show that, although neurons tend to coactivate by stimulation, with predominantly suppressive
interactions the final arrangement of orientation selectivities is disordered. The final layouts in general
exhibit superior stimulus coverage than organized maps, giving them an advantage when a large set of
stimuli has to be represented in a small space. Our results indicate, that the apparently random
arrangement of orientation selectivity in rodents might be the result of a dynamical activity-dependent
process. If so, the spatial distribution of orientation preferences is expected to exhibit more spatial
structure than previously thought.
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Action video games as exemplary learning tools.

Daphne Bavelier’

1U. of Geneva, Cognitive Neuroscience - FPSE, 40 bd du Pont d'Arve, CH-1205 Geneva, Switzerland

In a surprising twist, an often -decried activity such as playing action video games enhances various
sensory, attentional and cognitive skills. A training regimen whose benefits are so broadis
unprecedented and provides a unique opportunity to identify factors that underlie generalization of
learning and principles of brain plasticity. A set of common mechanisms are hypothesized to be at the
source of this wide range of skill improvement. In particular, performance improvement following action
video game play may be mediated through greater attentional control, better statistic inference in neural
networks and in turn an enhanced ability at learning to learn. Practical applications from education to
rehabilitation will be discussed.
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Molecular control of ocular dominance plasticity

Tommaso Pizzorusso', Paola Tognini1, Raffaele Mazziotti!, Debora Napoli1, Elena
Putignano1, Elena M Boggio1, Davide Silingardi1

1CNR, Inst Neuroscience, via Moruzzi, 1, 56124 Pisa, Italy

The visual cortex represents a classical model for studies on experience-dependent plasticity of cortical
circuit development. Visual cortical plasticity is often evoked by manipulation of visual input such as visual
deprivation. The effects of these perturbations are stronger during windows of development designated
critical or sensitive periods. In this talk, we will report recent work showing how different molecular
mechanisms can be targeted to enhance plasticity in adult animals after sensitive period closure.
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NARP-dependent recruitment of inhibition reversibly
regulates the critical period for ocular dominance
plasticity

Elizabeth Mary Quinlan’
University of Maryland, Biology, 1110 Biosciences Research Building, 21403 College Park, Maryland, USA

The regulation of the critical period for ocular dominance plasticity is widely believed to be dependent on
the strength of inhibitory synapses targeting the somata of principal neurons in the visual cortex.
Perisomatic inhibition exert powerful control of neuronal spiking output in principal neurons, thereby
regulating the activity-dependent synaptic plasticity that allows discrimination between input from the two
eyes. In support of this model, manipulations that trigger a precocious development of perisomatic
inhibition activate an early critical period for ocular dominance plasticity. However, ocular dominance
plasticity persists in the rodent visual system long after perisomatic inhibition reaches full maturation.
Importantly, enhancing inhibitory output with diazepam inhibits late ocular dominance plasticity.

We hypothesized that the ability to recruit inhibitory circuitry may be a key step in the regulation of the
critical period for ocular dominance plasticity. We tested this hypothesis by examining the recruitment of
inhibition mediated by FS (PV)INs, which mediate the majority of perisomatic inhibition. We
characterized excitatory inputs onto interneurons in the visual cortex in mice lacking the gene for NARP
(neuronal activity-regulated pentraxin a.k.a. NP2), an AMPAR binding protein that is specifically enriched
at excitatory synapses onto fast-spiking parvalbumin-positive interneurons (FS (PV) INs). NARP -/- mice
have a reduction in the number of excitatory synaptic inputs onto FS (PV) INs, resulting in a reduction in
excitatory drive. The absence of NARP renders the visual cortex hyper-excitable, and unable to express
ocular dominance plasticity, while other aspects of circuit function are unimpaired. Importantly, inhibitory
output from FS (PV) INs onto principle neurons in the visual cortex is normal in NARP -/- mice, and
enhancement of this output enables the expression of ocular dominance plasticity.

We propose that NARP-dependent recruitment of rapid inhibition from FS (PV) INs ensures the precision
of pyramidal cell activity necessary to engage synaptic plasticity. Indeed, dark exposure does not
reactivate ocular dominance plasticity in NARP - /-mice. The NARP -dependent enhancement of
excitatory drive onto FS (PV) INs is therefore an important locus for the bidirectional regulation of ocular
dominance plasticity.
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Environmental enrichment extends ocular dominance
plasticity in mouse visual cortex into adulthood and
protects from stroke-induced reductions of plasticity

Franziska Greifzu, Katja Kremplerz, Justyna Pielecka-Fortuna’, Siegrid Lowel

1Systems Neuroscience, Bernstein Fokus Neurotechnologie, J.F.Blumenbach-Institut fir Zoologie und Anthropologie, Georg-
August-Universitat Gottingen, Von-Sieboldstr. 4, D-37075 Goéttingen, Germany

2 Hans Berger Klinik fur Neurologie, Universitatsklinikum Jena, Erlanger Allee 101, D-07747 Jena, Germany

Ocular dominance (OD) plasticity in the visual cortex is maximal at 4 weeks of age in mice, declines in 2-
3 months old animals and is absent beyond postnatal day (PD) 110 if animals are raised in standard
cages (SC; Lehmann & Lowel, 2008, PLoSONE). Since environmental enrichment (EE) has been shown
to promote plasticity in adult rats (e.g. Sale et al., 2007, Nat Neurosci) we wondered whether raising mice
in EE would prolong the sensitive phase for OD-plasticity. We therefore raised mice from before birth into
adulthood (>PD 110) in EE and visualized OD-plasticity by intrinsic signal optical imaging. EE not only
preserved OD-plasticity but created adult animals with juvenile-like plasticity: 7 days of MD in 119-196
days old EE -mice induced both a very strong OD- shift and significantly decreased deprived eye
responses while SC-mice of the same age did not express OD-plasticity. Diazepam administration during
MD reduced but did not completely abolished OD- plasticity in adult EE -mice, indicating that the
rejuvenating effect of EE was only partially mediated by reduced inhibition. EE also restored already lost
plasticity: when mice raised in a SC were transferred to EE starting at PD 110 (late EE), an age in which
OD-plasticity is no longer present in SC-mice, OD-plasticity was restored after 3-7 months. Late-EE mice
thus showed OD-plasticity even up to PD 320. EE therefore not only extended the critical period for
mouse OD-plasticity into late adulthood but also “rejuvenated” the visual cortex. To test whether EE
might be used therapeutically to “treat” the compromised plasticity after a photothrombotically (PT)
induced stroke in the somatosensory cortex (Greifzu et al., 2011, PNAS; Greifzu et al., 2012, e-
Neuroforum) we again raised mice in EE and then exposed them to a stroke. Indeed, in adult EE-mice,
OD-plasticity was present even after stroke. Finally, if the major effect of EE is to preserve a “younger”
brain into adulthood, and if a younger brain is less susceptible to stroke-induced impairments of cortical
plasticity then OD-plasticity after stroke should also be preserved in young mice. This was indeed the
case: PD 28-35 mice retained OD- plasticity even if they had the same PT -lesion as the adult animals.
Taken together, EE from before birth preserved a juvenile-like OD-plasticity into adulthood, rejuvenated
the brain even after nearly 4 months of standard cage rearing and protected adult mice from stroke-
induced impairments of cortical plasticity. Funding by the BMBF (1GQ0921) is gratefully acknowledged.
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The sound of silence: defects in hair cell
mechanotransduction that cause deafness

Ulrich Mueller’

The Scripps Research Institute, Dorris Neuroscience Center, 10550 N. Torrey Pines Rd, 92037 La Jolla, USA

Hair cells are mechanosensors for the perception of sound, acceleration and fluid motion.
Mechanotransduction channels in hair cells are gated by tip links, which connect the stereocilia of hair
cells in the direction of their mechanical sensitivity. Despite decades of study, we have a very limited
knowledge of the molecular constituents of the hair cells mechanotransduction machinery. To identify
such components, we have carried out forward and reverse genetic screens to generate mouse lines
with recessive forms of deafness. Many of the mutant mouse lines have defects in the development
and/or function of the mechanically sensitive stereocilia and their mechanotransduction apparatus.
Through SNP mapping and exom sequencing, we have identified nearly two dozend gene mutations that
cause deafness. More than 90% of the affected genes are expressed within the inner ear specifically in
hair cells. Remarkably, all of the affected genes are also linked to deafness in humans. Our subsequent
functional studies have shown that several of the affected genes encode components of the
mechanotransduction machinery of hair cells, including components of tip links,their associated
molecules, and a subunit of the mechanotransduction channel. We will discuss our findings on the
identification, structure and function of these molecules, as well as the molecular pathogenesis that is
caused by defects in their function.
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Effects of otoferlin mutations on hearing function

Nicola Strenzke', Elisabeth Auge!, Hanan Al-Moyed!, Tina Pangrsic!, Tobias Moser?,
Ellen Reisinger1

1University of Géttingen Medical School, InnerEarLab, Dept. of Otolaryngology, Robert-Koch-Str. 40, 37075 Géttingen,
Germany

The lack of otoferlin as a consequence of homozygous mutations in the OTOF gene leads to profound
prelingual deafness DFNB9. However, a minority of human DFNB9 patients have residual hearing
capacity, displaying an auditory synaptopathy phenotype with deficits in the temporal precision of
auditory encoding, including poor speech discrimination.

Electrophysiological studies using a knockout mouse demonstrated that otoferlin is required for calcium-
induced exocytosis from inner hair cells (Roux et al. 2006). While otoferlin knockout mice are profoundly
deaf, we observed some activity-dependent sound-evoked auditory nerve fiber spiking in two strains of
mice with point mutations in the Otof gene. In both mutant mouse lines, otoferlin protein levels in inner
hair cells were reduced.These animal models allow us to study in depth the consequences of a synaptic
dysfunction from the cell physiological level up to auditory systems responses and behavior. We have
analyzed how a deficit in sustained exocytosis impacts auditory nerve spike rates. Our findings suggest a
role for otoferlin in vesicle replenishment at the inner hair cell ribbon synapse. The defective
replenishment results in a strong reduction in auditory brainstem responses and impaired gap detection
in psychophysical tasks.
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Endbulbs of Held are the large calyceal presynaptic terminals of auditory nerve fibers onto bushy cells in
the anteroventral cochlear nucleus. These synapses transmit precisely timed auditory signals up to high
frequencies that provide the basis for downstream computation of sound localization and for speech
perception (Oertel, 1997, 2005). The molecular mechanisms enabling their signaling at hundreds per
second are largely unknown. Here we report about functional and structural changes upon genetic
disruption of Bassoon, a large presynaptic scaffold protein in the cytomatrix of the active zone by

studying the partial deletion mutant BSNAEX4/5 (Altrock et al., 2003). Active zones are normal in number,
but the postsynaptic densities (PSDs) are enlarged and the vesicle number in close proximity to the
presynaptic plasma membrane per ym PSD is reduced. In in-vitro slice electrophysiological experiments
miniature EPSCs exhibit a larger amplitude and trend towards occurring less often. By applying a minimal
stimulation technique we find that the shape and amplitude of evoked EPSCs recorded from bushy cells
are largely unaltered. Short-term depression in response to train stimulation is increased in the mutant;
most pronounced at 100 Hz compared to 200 Hz and 333 Hz. This and a reduced rate of recovery after
short-term depression suggest that the rate of vesicle replenishment is compromised in the absence of
full-length Bassoon. The size of the readily releasable pool of vesicles is reduced and release probability
is increased as estimated with the method of cumulative EPSCs (Schneggenburger et al., 1999). In
consequence, delayed/asynchronous release is increased in the mutant synapses during and after train
stimulation. Even though synaptic depression is significantly stronger in mutant synapses, bushy cells
compensate for the loss of input and fire with comparable reliability during high frequency stimulation.
Also in-vivo, primary -like responses generated by bushy cells in the anteroventral cochlear nucleus
transmit with high reliability, even though spontaneous and evoked rates are reduced in the auditory
nerve. It was reported earlier that auditory brain stem responses from Bassoon mutants show
synchronous activity from globular bushy cells (wave 2 was almost normal) despite almost complete lack
of synchronous activity in the auditory nerve. Now, we provide evidence that this is due to homeostatic
plasticity in bushy cell encompassing increasing intrinsic excitability and synaptic upscaling. This
manifests itself in increased mMEPSCs and an enhanced response to depolarizing current injection in
mutant bushy cells.

Together, our data suggest that Bassoon promotes vesicle replenishment and a large readily releasable
pool, and that the cochlear nucleus maintains reliability of transmission in a homeostatic fashion in
response to partial deafferentiation.
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conditional mouse models
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The precision of sound information transmitted to the brain depends on the transfer characteristics of the
inner hair cell (IHC) ribbon synapse and its multiple contacting auditory fibers (Buran et al., 2010) A
permanent IHC ribbon loss and deafferentation occurs after acoustic trauma that is discussed in the
context of age-dependent hearing loss, hyperacusis or tinnitus (Kujawa and Liberman, 2009; Lin et al.,
2011; Ruttiger et al., 2012). Brain-derived nerve growth factor (BDNF) has been discussed since long as
a factor that is essential for survival of spiral ganglia neurons and sprouting of its afferent dendrites
(Pettingill et al., 2011). Voltage -activated L -type Ca2+ channels like Cav1.2 are assumed to play a
crucial role for controlling release properties of neurotrophic peptides including brain-derived nerve
growth factor (BDNF). We conditionally inactivated BDNF and CaV1.2 in the auditory system using Cre
recombinase under the promoter of Pax2 that would lead to a deletion of genes in the cochlea, dorsal
cochlear nucleus (DCN), inferior colliculus (IC) and cerebellum (Ohyama and Groves, 2004; Zuccotti et
al.,, 2012). Efferents, that originate in the olivocochlear system in the brainstem and terminate axo-
dendritically on afferent type | fibers (Warr and Guinan, 1979) have been shown to influence hair cell and
afferent physiology (Liberman and Gao, 1995; Darrow et al., 2006). We therefore compared conditional
mice with cochlear gene deletion with those conditional mice in which genes are either deleted in the
superior olivocochlear complex (SOC) or in the brain. The results are discussed in the context of a
presumptive crucial role of BDNF and Cav1.2 for sound coding through setting feedback crosstalk
between the peripheral and central auditory system.

Supported by a grant from the Marie Curie Research Training Network CavNET MRTN-CT-2006-
035367, Deutsche Forschungsgemeinschaft, grant DFG-Kni316-8-1
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Patterns of neuronal activity are believed to be the neuronal correlate of higher-order brain

functions and underlie perception. Indeed, early studies by Penfield! in epileptic patients
undergoing surgery showed that electrical stimulation of the auditory cortex can evoke auditory
percepts, hallucinations and trigger memory recall. However, how such crude manipulations of
neuronal activity can evoke surprisingly detailed percepts and what the specific properties of
evoked activity patterns are remains unresolved.

Here, we initiated methodological approaches to investigate the effects of artificially evoked activity
patterns in the auditory cortex of mice in the context of a perceptional discrimination task. In a first
attempt to manipulate activity in a spatially broad, but temporally well controlled manner, we
infected a sub -population of cells in the mouse auditory cortex with an adeno-associated viral
(AAV) construct encoding Channelrhodopsin-2 (ChR2)-EYFP, a light-gated ion channel fused to a
fluorescent protein under a neuronal promoter (Synapsin), which evokes action potentials in

neurons upon activation?. Following 3 -6 weeks of expression we chronically implanted a glass
window above the auditory cortex that allowed optical stimulation of infected neurons using a

temporally head-mounted LED.3

In order to test if manipulation of neuronal activity is successful and can be perceived, we trained
mice in a modified version of a behavioral go/no lick discrimination task, originally designed for the

auditory modality4. Two target stimuli are used to cue either a positively reinforced trial in which
licking at a spout leads to a water reward or a negatively reinforced trial in which an aversive air
puff can be avoided by suppression of licking. In the modified version of the task mice learn to
discriminate trials in which a blue light burst (5x5ms at 20Hz) that leads to artificial co-activation of
the infected neuronal population is used as a cue or alternative trials with no stimulation. We found
that mice can learn to perform the task, independent if the optogenetic stimulation predicted the
reward or the air puff. This is consistent with previous findings of artificial stimulation of the auditory

cortex using electrical stimulation® or optogenetic stimulation in other modalities®.

Furthermore, the design of the discrimination task allowed probing in how far artificial stimulation
would be generalized to auditory stimuli. We previously observed that mice trained in the task
spontaneously categorize non-reinforced (off target) stimuli by responding with consistent lick/no
lick behavior depending if the stimulus is perceived more similar to the positively or negatively
reinforced target stimulus. When presenting sound stimuli to mice trained to detect artificial auditory
cortex stimulation, we found that mice generalized to white noise auditory stimuli, at least when a
population of neurons covering large parts of the auditory cortex was infected.



In ongoing studies we train mice to discriminate trains of white noise burst stimuli of two different
frequencies and we probe for interference in behavioral performance when simultaneous optical
stimulation is applied at various frequencies. These experiments will offer an entry point for the
analysis of artificially evoked neuronal activity patterns that underlie perception in an experimentally
well tractable model organism.

Citations:

Penfield, W. & Perot, P. The Brain's Record of Auditory and Visual Experience. A Final Summary
and Discussion. Brain 86, 595-696 (1963).

Nagel, G., et al. Channelrhodopsin-2, a directly light-gated cation-selective membrane channel.
Proc Natl Acad Sci U S A 100, 13940-13945 (2003).

Huber, D., et al. Sparse optical microstimulation in barrel cortex drives learned behaviour in freely
moving mice. Nature 451, 61-64 (2008).

Bathellier, B., Ushakova, L., Rumpel, S. Discrete neocortical dynamics predict behavioural
categorization of sounds. Neuron, in press.
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Distorted hearing in mice lacking the a>d3 Ca?* channel
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The auxiliary subunit a,d3 modulates the expression and functional properties of voltage-gated calcium
channels. We found a,d3 mRNA expression in spiral ganglion neurons and midbrain auditory nuclei.
Genetic deletion of a,d3 in mice led to mildly increased hearing thresholds in both click (5 dB) and

frequency (10-15 dB) auditory brainstem response (ABR) measurements. ABR waveforms showed
reduced amplitudes of wave Il and distortion of waves Ill and IV in mutants, indicating impaired signal
transmission along the auditory pathway. Further, expression of Ca,2.1 channels was reduced at both

somata of spiral ganglion neurons and bushy cells of the ventral cochlear nucleus. Using light and
electron microscopy, we found significantly smaller sizes of auditory nerve fibre synaptic boutons, which
terminate at bushy cell somata. We propose that the combination of reduced bouton size and smaller

numbers of presynaptic Ca?* channels accounts for the acoustic impairments of a2d3'/' mice. In vivo
recordings at the auditory nerve — bushy cell synapses revealed increased first spike latencies and
reduced spike rates as a function of stimulus level in a2d3'/' mice, indicating malfunction of the endbulb

of Held synapse. In a behavioural task, auditory learning was assessed by training wildtype and a2d3'/'
mice to discriminate different simple and complex sound signals. As a result, a2d3'/' mice showed

pronounced deficits in discriminating complex acoustic signals. In conclusion, azd3'/' mice might
represent a model for an auditory processing disorder.

Supported by EU-CAVNET MRTN-CT-2006-035367 and DFG PP1608.
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Mechanisms of kHz-transmission at a central synapse

Stefan Hallermann
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To maximize the speed of information processing, some synapses can sustain high-frequency
transmission. However, the limited number of synapses allowing direct recordings has hampered our
understanding of the mechanisms of high -frequency synaptic transmission. Here, we establish two-
photon microscopy guided recordings from fluorescence labeled presynaptic cerebellar mossy fiber
boutons (cMFBs) paired with recordings from postsynaptic granule cells to analyze high-frequency
signaling. Remote stimulation of the mossy fiber axon can elicit action potentials at >1 kHz frequency in
cMFBs with mean half-width of 123 + 9 ps (n = 11) and minimal action potential broadening during high-
frequency transmission. Paired recordings show that frequencies as high as 1 kHz can be transmitted at
these synapses. Furthermore, deconvolution of postsynaptic currents in combination with presynaptic
capacitance measurements indicates heterogeneous release probabilities and rapid vesicle reloading
kinetics. Finally, elevation of the calcium buffer EGTA to 5 mM in the presynaptic terminal had little effect
on the initial fast release component, indicating tight coupling between calcium channels and sensors of
exocytosis in a subset of vesicles. These data suggest that a variety of functional specializations permits
kHz-transmission at a central synapse.
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MOLECULAR CHARACTERIZATION OF THE MINIMAL
DOCKING MACHINERY FOR SECRETORY VESICLE
EXOCYTOSIS IN CHROMAFFIN CELLS
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In electron micrographs of synapses and chromaffin cells, many synaptic and secretory vesicles are
found docked at the target membrane. Docking is generally considered to be a necessary first step
before vesicles gain fusion-competence, but itis unknown how vesicles dock. We studied docking and
fusion of secretory vesicles in mouse embryonic chromaffin cells as a preferred docking model, because

docking phenotypes are typically more evident than in other systems studied so far (see for a review ).
Previously we showed that deficiency of Munc18-1 2 which bind to the neuronal SNARE -complex and

syntaxin-1 3 not only abolished exocytosis, but also produced robust docking phenotypes. Recently we
identified SNAP-25 as a novel plasma membrane docking factor and resolved that synaptotagmin-1, the

calcium sensor for exocytosis acts as the vesicular docking protein 4. Moreover, we showed that
overexpression of SNAP-25 which promotes assembly of SNAP -25/syntaxin heterodimers rescues the
docking defect observed in chromaffin cells of Munc18-1 knockout mice, whereas vesicle fusion is still
impaired. These findings lead us to propose that docking is mediated by binding of synaptotagmin-1 to

syntaxin-1/SNAP-25 heterodimers 4. However, the molecular identity of this interaction remains to be
identified and as a consequence the molecular mechanism how synaptotagmin -1 act in docking is
unknown. Our previous results provide some of the strongest available evidence that, in addition to

docking, Munc18-1 plays a critical function in downstream events leading to exocytosis 45 put for this
step also the molecular mechanism is unknown. At least three SNARE complexes seems required for

fast vesicle fusion ® and it likely that Munc18-1 controls the formation or stability of these fusogenic
SNARE complexes 4. In addition, it seems that Munc18-1 also has a function in the regulation of cortical

F-actin, which is thought to control access of secretory vesicles to docking sites 7. but it is unknown how
this is linked to Munc18’s function in the secretory pathway. Currently we are investigating how Munc18
acts in cortical F-actin modulation and in post-docking. Finally, we are resolving the molecular properties
of synaptotagmin that are required for its docking function by searching for synaptotagmin/SNARE
binding mutants that interfere with the docking process.
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During and after intense activity at synapses, transmitter output can transiently increase, giving rise to
presynaptic forms of plasticity like post-tetanic potentiation (PTP). Previous work has shown that PTP

decays in parallel with the residual Ca2* signal in the nerve terminal, and that protein kinase - C (PKC),

especially Ca?* sensitive isoforms of PKCs, are necessary for PTP. However, the mechanisms of PKC
phosphorylation, including its target protein at the presynaptic release machinery, remain unknown. Here
we use the calyx of Held synapse and test the hypothesis that phosphorylation of Munc18-1 (M18), which
is involved in the diacylglycerol-mediated potentiation of release in cultured synapses, is involved in PTP.
We devised a gene replacement strategy aimed at exchanging endogenous M18 at the calyx of Held,
with a M18 protein with deficient PKC phosphorylation sites (M18-3SA mutant). For this purpose, we
used M18 floxed mice, and novel adenovirus vectors that could drive the expression of up to three
proteins (Cre -recombinase and GFP alone, or in combination with either wild -type or mutant M18).
Expression of Cre-recombinase alone led to a near-complete loss of depolarization-evoked transmitter
release at infected calyx of Held synapses in M18 floxed mice, showing the efficiency of Cre-mediated
recombination. Expression of Cre -recombinase together with wild -type or M18 -3SA mutant, led to a
near-complete, and equal rescue of fiber-stimulation evoked EPSCs at the calyx of Held. Importantly,
however, PTP was strongly reduced (by ~ 2/3) when the PKC-deficient mutant M18-3SA was re-
expressed, whereas normal PTP was supported by wild-type M18. These results, together with
experiments with the phosphatase inhibitor Calyculin, show that a transient phosphorylation of Munc18-1
by PKC underlies post-tetanic potentiation.
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Excitation-secretion coupling at nerve cell synapses is a sub -millisecond process that entails the
transduction of an electrical stimulus into synaptic vesicle fusion. Before fusion, synaptic vesicles are
physically docked to the presynaptic active zone membrane and functionally primed to become fusion
competent. In response to an increase in intracellular calcium concentration after the arrival of an action
potential, primed vesicles fuse with the plasma membrane and release their neurotransmitter content into
the synaptic cleft. Recent studies combining high -pressure freezing (HPF) and freeze -substitution (FS)
for electron microscopy indicated that synaptic vesicle docking and priming steps may not reflect
independent processes, but rather respective morphological and functional manifestations of the same
process, namely of initial full or partial SNARE complex assembly mediated by priming proteins of the
UNC-13/ Munc13 family (Weimer et al., 2006; Hammarlund et al., 2007; Siksou et al., 2009). To study
vesicle docking, we utilize a combination of organotypic hippocampal slice culture, HPF and FS as well
as electron tomography to reinvestigate the role of key synaptic proteins in synaptic vesicle docking in
glutamatergic hippocampal spine synapses. This method enables the analysis of synaptic parameters in
an in-situ-like setting using lethal mouse mutants that do not survive birth. The focus of the present study
is on proteins of the CAPS and Munc13 families and their respective roles in regulating synaptic vesicle
exocytosis in excitatory hippocampal synapses.
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Transmitter release at CNS synapses occurs at highly specialized contact sites, the active zones. It is
generally accepted that Ca?* channels and docked vesicles must co -localize at distances of tens of
nanometers or less, in order to allow short Ca2* diffusion times and fast vesicle fusion. Nevertheless,

there is little ultrastructural data showing the exact spatial relationship between Ca?* channel and
vesicles at CNS active zones. Furthermore, functional studies disagree whether fast transmitter release is

controlled by few or even a single Ca?* channel ("nanodomain coupling"), or else, by several Ca?*

channels ("domain overlap"). A possible functional advantage of domain overlap is that a high Ca2*
current - release cooperativity (power law of ~ 3 - 4) can be achieved by modulating the number of open

Ca?* channels, as is also observed experimentally at the calyx of Held model synapse.

Here, we explore rules of co-localization of Ca?* channels with respect to docked vesicles, using a
realistic Monte-Carlo model of a single CNS active zone. Parameters of single-channel CaZ* current,

overall Ca2* current density, Ca2* buffering as well as the on- and off-rates of the fast Ca2* sensor for
vesicle fusion were fixed from previously available data at the calyx of Held. To arrive at a realistic
distribution of docked vesicles at the active zone, we analyzed n = 15 reconstructed active zones from
serial EM images of calyces of Held froma P11 mouse. These showed that docked vesicles were

randomly distributed over the active zone, at a high overall density (~ 100 vesicles / pm2). We modelled
an example active zone which showed 6 docked vesicles and we assumed the presence of 18 - 20 Ca2*
channels. We show that clusters of Ca2* channels positioned in-between docked vesicles, but respecting
a minimal distance to each docked vesicle of at least 50 nm, were necessary to yield a high Ca?* current
- release cooperativity in the simulations. In contrast, when Ca2* channels were placed randomly, a low
Ca?* current - release cooperativity resulted, because the chance that single close-by Ca?* channels
dominate the release of individual vesicles was high. We conclude that synapses with release control by
several Ca2* channels must have a mechanism of keeping Ca?* channels at a certain critical distance
from each vesicle. Therefore, domain overlap control of release represents a non-random spatial
arrangement of Ca?* channels and vesicles, which is optimized to guarantee a high Ca2* current -
release cooperativity.
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organization of presynaptic release sites
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The functional performance of nervous system relies on synaptic transmission between neurons. A key
event during synaptic transmission is the depolarization-driven calcium transient, which induces fusion of
synaptic vesicles with the presynaptic membrane. The mediator between membrane depolarization and
SV exocytosis is the diffusible Ca2+ ion, which enters the presynaptic boutons through voltage-
dependent calcium channels (Cavs). Due to the low intracellular abundance of Ca2+ there is a sharp
concentration gradient around the channel pores. Rapid and reliable synchronous release of
neurotransmitter requires therefore exact localization of Cavs relative to the exocytic machinery. In
presynapses of conventional brain synapses, calcium influx is mediated mainly via Cav2.1 (P/Q-type)
and Cav2.2 (N-type) channels, which differ in their properties and their contribution to synaptic
transmission during development and in synaptic plasticity. The coupling of Cav2.1 or Cav2.2 crucially
determine strength of given synapse. However, the mechanism of their differential recruitment to release
sites is largely unknown. | will discus our recent findings regarding molecular players and signaling
cascades involved in this process. | will focus on the role of components of presynaptic cytomatrix
assembled at the active zone in positional priming of Cavs at the synapse and also touch the
mechanisms driving remodeling of release sites during rapid and prolonged plasticity of presynaptic
function.
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The majority of rapid cell -to-cell communication mechanisms and information processing within the
nervous system makes use of chemical synapses. Thereby, the molecular organization of presynaptic
active zones, the places where neurotransmitter filled synaptic vesicles get released, is a focus of intense
investigation. We recently identified two key scaffold proteins for presynaptic active zone organization,
Bruchpilot (BRP) and Rim-binding protein (RBP)(1, 2), which are essential for structural organization and
efficient neurotransmitter release at active zones in Drosophila. To overcome the resolution limit of
standard light microscopy precluding the study of sub-synapse organization, we use super-resolution
light microscopy (stimulated emission depletion microscopy, STED). Thus, functional molecular
architectures connecting BRP and RBP with Ca2+ channels and release machinery could be studied.
Our group moreover established protocols to directly visualize protein dynamics during synapse
assembly and plasticity in living intact larvae over extended periods. Thus, we could characterize
mechanisms of trans-synaptic signaling connecting assembly of the presynaptic active zone scaffold with
postsynaptic assembly (3).

1. K. S. Liu et al., Science 334, 1565 (Dec 16, 2011).
2. R. J. Kittel et al., Science 312, 1051 (May 19, 2006).
3. D. Owald et al., Nat Neurosci 15, 1219 (Aug 5, 2012).
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Octopamine neuromodulation regulates the Gr32a
pathway to promote aggression in Drosophila males

Sarah J Certel1, Jonathan C Andrews1, Maria Paz Fernéndezz, Qin Yu1, Peter Evans3,
Kyung-An Han?*, Edward A Kravitz2

1University of Montana, Division of Biological Sciences, 32 Campus Drive, 59812 Missoula, USA
2Department of Neurobiology, Harvard Medical School, Boston, MA 02115, USA
3Inositide Laboratory, The Babraham Institute, Cambridge, CB22 3AT, UK
4Department of Biological Sciences, University of Texas at El Paso, El Paso, TX, USA

Chemosensory pheromonal information regulates sex -specific behaviour in many organisms, yet the
mechanisms by which pheromonal signals are transduced to reliably produce behaviour are not well
understood. We demonstrate that male aggression requires signals detected by Gr32a-expressing
chemosensory neurons and this response is directly amplified through neurons that contain the
neuromodulator octopamine (an invertebrate equivalent of norepinephrine). Males lacking both
octopamine and the Gr32a receptor exhibit significant delays in the onset of aggression and a reduction
in aggressive behavior. Selective ablation of only the Gr32a receptor-expressing proboscis neuron
population resulted in a significant decrease in aggression without an increase in male-male courtship
behavior. GRASP system experiments indicate Gr32a receptor-expressing proboscis neurons
specifically contact OA neurons in the subesophageal ganglion.

To investigate how OA signaling might transduce aggression-promoting stimuli, we activated OARTR
receptor neurons in males and observed a significant increase in the number of lunges. Reducing
OAR1R expression, by contrast, resulted in males displaying decreased numbers of lunges. Results from
anatomical GRASP system experiments identify putative Gr32a to octopamine neuron synaptic
connections and distinct octopamine to OAR1R contacts in the suboesophageal ganglion. Our findings
demonstrate that octopaminergic neuromodulatory neurons function as early as a second-order step in a
chemosensory-driven pathway and contribute to characterizing distinct neural circuits mediating sex-
specific behavior.
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Experience dependent plasticity of aggression in
crickets and its control by neuromodulators

Jan Rillich?, Paul Anthony Stevenson?

TFree University of Berlin, Institute for Neurobiology, Koenigin Luise Str. 28-30, 14195 Berlin, Germany
2University of Leipzig, Institute for Biology, Talstr. 33, 04103 Leipzig, Germany

The expression of aggressive behaviour is highly plastic and depends to a great extent on previous and
ongoing experiences. Work in our laboratory is revealing how aminergic and other neuromodulatory
systems mediate the influence of a wide variety of experiences on the fighting behaviour of adult male
crickets. As in many animals, physical exertion, winning and resource possession all lead to a transient
increase in aggressiveness which in crickets lasts some 20-30 minutes, whereas social defeat (losing)
suppress it for hours. Pharmacological manipulations reveal that the promoting effects of physical
exertion (e.g. flying), winning a fight and possession of a resource (e.g. a shelter) are each mediated by
the amine octopamine, the invertebrate counterpart to adrenaline/noradrenaline. The data suggest that
both physical exertion as well as the perception of potentially rewarding aspects of an experience can
activate the octopaminergic system and thereby promote the decision to fight. By manipulating
information exchange between fighting crickets, on the other hand, we have shown that a cricket makes
the decision to flee when the sum of its opponent’s agonist signals surpasses some critical level, as
proposed by the cumulative assessment hypothesis. Pharmacological manipulations suggest that the
concomitant suppression of aggression depends on activation of the nitric oxide/cyclic GMP, and possibly
dopaminergic, signaling systems. Together our data illustrate how experiences control the decision to
fight or flee simply by recruiting neuromodulator systems that tune the underlying behavioural thresholds
relative to each other. We propose that potentially rewarding experiences increase the propensity to fight
via the modulatory action of octopamine. Aversive experiences, such as the opponents agonistic actions,
in contrast, will promote the propensity to flee via the action of nitric oxide, dopamine and possibly other
neuromodulators.

Supported by the DFG (FOR 1363, STE 714/4-1).
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Serotonergic signalling pathways and the control of
phase change and swarming in Desert Locusts

Swidbert Roger Ott’

1University of Cambridge, Department of Zoology, Downing Street, CB2 3EJ Cambridge, United Kingdom.

The socially induced and fully reversible transformation of Desert Locusts (Schistocerca gregaria)
between an inconspicuous, lone-living solitarious phase and a radically different gregarious phase
exemplifies the extent to which animals can tailor their phenotype to the conditions they encounter.
Phase change thus provides a powerful model to analyse both the mechanisms and the functional
consequences of neuronal plasticity. In the solitarious phase, Desert Locusts occur at very low
population densities and avoid conspecifics. Sporadic desert rains provide transient opportunities for
population growth, but as the rains cease, competition drives locusts onto shrinking patches of
vegetation. The resultant crowding induces a rapid (1—4 h) reprogramming of behaviour to that typical of
the gregarious phase. Critically, this includes mutual attraction that can escalate into the formation of
swarms comprising billions of locusts. Comprehensive changes in physiology and morphology follow
later through chronic exposure to conspecifics. How do social cues bring about this fateful behavioural
reconfiguration?

We were able to demonstrate that specific sensory stimuli from conspecifics cause a rapid but transient
(less than 24 h) increase in serotonin in the thoracic CNS. This increase correlates with the degree of the
newly acquired gregarious behaviour. Moreover, blocking the synthesis of serotonin or its action on
receptors prevents gregarization in the face of gregarising stimuli; and serotonin by itself is sufficient to
bring about the transition to gregarious behaviour. Using a combination of classic pharmacological
intervention and RNA interference we have identified protein kinase A (PKA) as a primary target of the
initial serotonin-mediated stage of gregarization (see figure). We present evidence that the subclasses of
serotonergic neurons responsible for the transition to gregarious behaviour are distinct from those that
produce altered regulation of behaviours in the fully established phases.

Our combined evidence shows that the serotonin/PKA signalling cascade, which is implicated in diverse
forms of learning, acts as a pivot in a behaviour-environment feedback loop that ultimately drives the
manifestation of two radically different phenotypes. Gregarization resembles learning in that locusts
‘remember” the experience of crowding and modify their behaviour. This encompasses changes in the
individual’s social interactions, which feed back onto the individual to reinforce its new behavioural state.
In this, gregarization resembles other socially induced transitions between behavioural states such as
subordination after defeat and the onset of clinical depression. Our identification of a pivotal role for
serotonin/PKA signalling shows that these similarities extend to the co -option of common molecular
mechanisms.
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The queen, her pheromones and reproductive hegemony
iIn honey bees

Vanina Vergoz1, Julianne Lim1, Benjamin P. Oldroyd 1

11111University of Sydney, School of Biological Sciences , room 253, A12 Macleay, University of Sydney , 2006 Sydney,

Australia

Evolution of worker sterility remains an unsolved puzzle in biology, and the molecular pathways by which
the queen regulates the fertility of her workers is poorly understood. In the presence of their queen,
workers have inactive ovaries and this inhibition is mediated in part by queen mandibular pheromone
(QMP). Removal of the queen from a colony removes the QMP, and workers respond by activating their
ovaries. Interestingly, ovary activation is associated with increased levels of the biogenic amine
dopamine, suggesting that QMP may regulate ovary activation via dopamine. However, the means by
which QMP and dopamine interact to regulate worker sterility remain unclear.

We have analysed patterns of expression of biogenic amine receptors in the brain and the ovaries of
workers reared in presence or absence of the queen using real time quantitative PCR. Surprisingly,
biogenic amine receptors are expressed in the ovary, a non-neuronal tissue, suggesting that biogenic
amines act directly on ovaries. The pattern of expression of amine receptors differs between brain and
ovary. In contrast to the brain, where all three dopamine receptors are expressed, only two dopamine
receptors are expressed in ovaries, and the expression of these receptors is strongly correlated with the
reproductive status of workers. We conclude that biogenic amine receptors are expressed in the ovaries
and are likely to be directly influential in the regulation of worker sterility in honey bees when the queen is
in the colony.
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Biogenic amines and mechanisms controlling the
division of labor in a honeybee society

Ricarda Scheiner1, Anna Toteva1, Tina Reim’

TUniversitat Potsdam, Institut fiir Biochemie und Biologie, Karl-Liebknecht-Str. 24-25, Haus 26, 14476 Potsdam, Germany

Honey bee societies display a complex division of labor, which is, nevertheless, very flexible. Normally,
young bees perform nursing tasks in the center of the hive, while older bees forage outside the hive for
proteins (pollen) and carbohydrates (nectar). But when conditions require it, foragers can revert to nurse
bees and nurse bees can forage precociously. Both processes require drastic physiological changes.
How can a small insect like the honey bee control division of labor in such an elaborate way? A current
hypothesis assumes that differences in individual response thresholds are the basis for division of labor.
However, few behavioral response thresholds have been determined. We show that bees performing
different tasks have different sensory response thresholds for gustatory and visual stimuli. These
differences in response thresholds correlate with a differential expression of biogenic amine receptor
genes. Our data suggest that biogenic amines and their receptors regulate division of labor through
differential modulation of behavioral response thresholds.
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Spatial and temporal expression patterns of serotonin
receptor subtypes in the honeybee, Apis mellifera

Daniel Rolke1, Markus Thamm1, Wolfgang Blenau?

Tinstitute for Biochemistry and Biology, University of Potsdam

2|nstitut fur Bienenkunde (Polytechnische Gesellschaft), Goethe University Frankfurt, Oberursel

The hormone and neurotransmitter serotonin (5-HT) controls and modulates a great variety of
physiological and behavioral processes by interacting with various 5-HT receptor subtypes. In the
honeybee, Apis mellifera, four 5-HT receptor subtypes have been characterized: Am5-HT1A, Am5-HT2a,
AmS-HT2R, and Am5 -HT7. Interestingly, Am5 -HT2 receptors are expressed both as a full length
transcript and as a shortened splice variant, as it is known for certain dopamine receptors in
Caenorhabditis elegans and humans. The tissue specific expression patterns of both Am5-HT2 receptors
were investigated in the honeybee using quantitative real-time PCR. In the nervous system and exocrine
glands the expression of the full length Am5-HT2a transcript was higher than that of the shortened splice
variant, whereas the opposite holds true for Am5-HT2R. However, eusocial insect societies are
characterized by division of labour. The age dependent division of labour in honeybees is correlated with
increasing serotonin levels in the brain and is associated with the development of circadian activity
rhythms. We compared the 5-HT receptor expression between different age groups. Moreover, we
looked at daily oscillations of 5-HT receptor mRNA.
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Short-term synaptic plasticity shapes the balance
between excitation and inhibition during ongoing
cortical activity

llan Lampl1
Weizmann Institue of Science, Neurobiology, 234 Hertzel st. , 76100 Rehovot, Israel

The prominent feedback connections between excitatory and inhibitory neurons in the cortex suggest a
balanced-state where inhibition modulates excitation. To examine this, we recorded the spontaneous
excitatory and inhibitory inputs onto cortical neurons, while inducing shifts in brain-state by altering the
depth of anesthesia. Although the rate of both excitatory and inhibitory events decreased under deeper
anesthesia, the magnitude of inhibition increased, while excitation was unaffected. Importantly, that
excitation was indifferent to the change in inhibition implies that spontaneous cortical activity is not at a
balanced-state. To examine the relationship between the magnitude of inhibition and cortical-states, we
replayed the temporal patterns of spontaneous inhibitory activity using cortical electrical-stimulation while
blocking local excitation. The magnitude of inhibition increased as the rate of stimulation decreased,
similar to the observation under deep anesthesia. Surprisingly, this occurred irrespectively of the depth of
anesthesia, suggesting that the excitation -inhibition balance during spontaneous cortical activity is
determined mainly by the short-term synaptic properties of feedforward inhibitory inputs.
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Multiple timescales of information representation in
neurons and networks

Adrienne Louise Fairhall’

1University of Washington, Physiology and Biophysics, 1705 NE Pacific St, 98195-7290 Seattle, USA

Many neural systems show adaptive properties that govern the way in which they encode information on
arange of different timescales. In particular, the intrinsic properties of single neurons can strongly
influence neuronal filtering and gain. Through reductions of conductance -based neurons, we
demonstrate mechanisms of efficient coding and of longer timescale input transformations. We also show
that these properties can dramatically affect the way in which information at different timescales is
propagated through feedforward networks.
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The activity of medullary lateral line units of common
Rudd, Scardinius erythropthalmus, which were exposed to
Karman vortex streets

Adrian KIein1, Jan Winkelnkemper1, Evelyn DyIda1, Horst Bleckmann'

1University of Bonn, Institute of Zoology, Poppelsdorfer Schloss, 53115 Bonn, Germany1

Fish sense weak water fluctuations with their lateral line. Fish use their lateral line to detect predators
and prey, for schoaling, collision avoidance and energy efficient locomotion in unsteady flow. Columnar
vortices (e.g. a Karman vortex street) are shed downstream of a submerged object (i.e. a cylinder) in a
wide range of Reynold numbers. Fish use Karman vortex streets to reduce locomotory costs. Navigating
in hydrodynamic perturbations — like Karman vortex streets - is complex and information on flow
perturbations may be advantageous. Peak spiking frequency of peripheral lateral line units coincides with
the vortex shedding frequency but no effect on spike rate was found. Up to now it was unclear how
vortex street information is processed in higher brain areas. Therefore Rudd were exposed to a Karman
vortex street and the activity of medullary lateral line units was recorded. Unit activity correlated with
unsteady flow signatures in terms of spike pattern or spike rate or both. In contrast to the noisy spiking
activity of peripheral lateral line units the responses of some medullary units showed a sharp
representation of the vortex street cycles (Fig. a). Synchronously obtained particle image velocimetry was
used to calculate a correlation map between the flow field and the neuronal activity (Fig. b). A correlation
map was found with peak similarity between flow field and neuronal response close to the boundary of
the fish which in turn reflects the receptive field (Fig. ¢). In summary medullary lateral line units are
important for the processing of vortex street information.
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K+ channels affect cortical neuron input encoding on
multiple time scales

Matthew Henry Higgs1’2

"Veterans Affairs Puget Sound Health Care System, Neurology, 1660 S. Columbian Way, Seattle, WA 98108, USA
2University of Washington, Physiology & Biophysics, 1705 NE Pacific St., Seattle, WA 98195, USA

This talk will summarize several studies investigating the transformation from current input to spike output
in cortical pyramidal neurons. The primary mechanisms discussed are Ca2+ - and Na+-activated K+
channels that produce the slow afterhyperpolarization (sAHP), small -conductance Ca2+-activated K+
(SK) channels that cause the medium afterhyperpolarization (mAHP), and low-threshold voltage-
activated Kv1 channels that influence spike threshold and precise spike timing. Our studies have shown
that these classes of channels affect neuronal gain on distinct time scales. On slow time scales, the
sAHP has at least two kinetic components and produces adaptation with power law-like dynamics. The
sAHP conductance reduces gain for low-frequency input (< 1 Hz) and favors a nonlinear effect whereby
high-frequency noise increases the gain for low-frequency signals. SK channels reduce gain below ~10
Hz and can produce suprathreshold resonance when the inter-spike intervals are similar to the mAHP
duration. Suprathreshold resonance can be strengthened by burst firing, which is driven effectively by
oscillating input at ~10 Hz or by much higher -frequency input (200 -300 Hz). Kv1 channels are
concentrated in the axon initial segment and play a major role in the dynamics of spike threshold, which
rises rapidly in response to an increase in membrane potential. The threshold changes caused by Kv1
channels reduce the ability of low-frequency membrane potential fluctuations to influence spike timing,
resulting in greater coherence of spike output with high-frequency input. Together, our results show that
cortical pyramidal neurons utilize a variety of K+ channels to regulate their input-output properties on a
wide range of time scales.
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Non-invasive characterization of individual neurons'
computational properties using Continuous dynamic
photo-stimulation
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TMax Planck Institute for dynamics and self organization, Géttingen , Germany.
2Bernstein Center for Computational Neuroscience, Goéttingen, Germany.
3Hebrew University of Jerusalem, Rehovot, Israel
4Max Planck Institute for Experimental medicine, Gottingen, Germany

Understanding information encoding by individual central neurons requires characterization of their input-
output functions under near-natural input conditions, e.g. in the fluctuation driven regime, characteristic of
cortical circuits. Controlling the input and registering on the order of 10.000 - 100.000 spikes as output,
one can compute transfer metrics which are critical for collective network dynamics, such as dynamic
gain, correlation gain or spike frequency vs current (Fl-) curves. So far now such data are exclusively
obtained in sharp electrode or patch-clamp recordings, where the input to the cell body and therefore to
the spike trigger zone in the axon initial segment is directly controlled. Due to the limited number of
spikes obtained in invasive recordings, characterization of individual neurons is often not possible,
dynamic gain curves, for instance, are averaged over tens of neurons.

We recently developed an alternative, non-invasive method for neuronal characterization. Spikes are
recorded by an array of extracellular electrodes. Well-defined, fluctuating stimuli are delivered via light-
activated channelrhodopsins to pharmacologically isolated neurons. Careful characterization of
channelrhodopsin’s transfer function warrants precise control over the waveform of the induced
conductance. The non-invasive nature of the experiment enables characterization of many individual
neurons for many hours, up to few days. The setup delivers orders of magnitude more data than
previously possible in the field of input -output characterization. Neuronal responses were stable,
measurement of intracellular pH showed only minor acidification under continuous stimulation.

Comparison of our results with dynamic gain measurements and Fl-curves obtain with traditional
methods establishes the equivalence of the non-invasive, high-throughput method.
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The best from two worlds: neocortical neurons as
Integrators with precise spike timing

Clemens Boucsein1’2, Julian Ammer3, Jan Benda34

1Neurobiology and Biophysics, Faculty of Biology, University of Freiburg, Germany
2Bernstein Center Freiburg, University of Freiburg, Germany
3Department Biology I, Division of Neurobiology, Ludwig-Maximilians-University Munich, Germany
4Institute for Neurobiology, University Tibingen, Germany

Psychophysical experiments demonstrate that decisions can be made in surprisingly short time. The
limited integration time available for information processing in the cortex suggests a coding scheme that
may rely on the concerted action of groups of neurons, i.e. a temporally precise population code.
However, neocortical pyramidal cells have been characterized as type-| neurons. Such neurons respond
to small inputs with long and variable latencies that would impair quick and precise population responses.

Here, we studied key characteristics of the spike generator, like current-firing frequency curve, phase-
response curve and the temporal spiking precision, in principal cells of the neocortex by somatic current
injection. According to established classification of pyramidal cells as integrators (type-I spike dynamics),
pyramidal cells showed linear f/l-curves, strictly positive PRCs and imprecise spike -stimulus locking at
potentials close to spiking threshold. However, we found that both, operating slightly hyperpolarized from
threshold, as well as increasing leak conductance (by means of dynamic current clamp), markedly
increased spiking precision. At the same time, artificial leak conductance could introduce negative
segments in the PRC, and flatten the f/l-relationship, both strong hints towards a qualitative change in
spike dynamics. In many neurons, the membrane potential range where pyramidal cells displayed the
imprecise spike-stimulus locking typical for type-| excitability was often difficult to reach before cells went
into tonic firing, and did not appear at all when membrane conductance was artificially increased. Slightly
below threshold as well as under realistic conductance increase (due to synaptic bombardment), spiking
dynamics changed qualitatively, leading to strictly precise spiking.

Our data suggest that pyramidal cells of the neocortex are tuned, under physiological conditions, to
propagate even small signals with high temporal precision. It is, thus, conceivable that information
processing schemes that rely on the precise firing of relatively small populations of cells in neocortical
networks could be used for information transfer and processing in the neocortex of mammals.

Funded by the German Federal Ministry of Education and Research (Grants 01GQ0420 to BCCN
Freiburg and 01GQO0830 to BFNT Freiburg-Tubingen).
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Differential brain science in the human sensorimotor
corpus callosum

UIf Ziemann'

""Hertie Institute for Clinical Brain Research and University of TUbingen, Neurology and Stroke, Hoppe-Seyler-Str. 3, 72076
Tlbingen, Germany

The corpus callosum (CC) is the principal white matter fiber bundle connecting the two hemispheres of
the brain. Diffusion tensor imaging (DTI) allows quantitative measurement of microstructure
characteristics. One DTI-derived measure is fractional anisotropy (FA), which represents orientational
fiber coherence, fiber size and degree of myelination in fiber bundles. It is however unknown to which
extent FA of the CC is related function, e.g. electrophysiological or behavioral measures of
interhemispheric connectivity.

In Experiment 1 [Wahl et al. 2007, J Neurosci 27: 12132-8] we studied the motor CC connecting the
hand areas of the primary motor cortices (M1) in 12 healthy subjects. Effective connectivity was
determined by short-latency interhemispheric inhibition measured by a paired-coil transcranial magnetic
stimulation protocol. We found that FA of the motor CC connecting the hand areas of M1 but not FA of
the motor CC connecting the foot areas of M1 correlated linearly with interhemispheric inhibition between
the M1 hand areas. This demonstrated a direct and topographically specific link between microstructure
and effective connectivity. In a follow -up study [Wahl et al. 2011, Hum Brain Mapp 32:846 -55] we
showed that this relation was degraded in patients with early-stage relapsing-remitting multiple sclerosis,
a condition where the CC is often and early affected by the demyelinating and neurodegenerative
processes. This suggests that the study of structure-function relationship may be an early marker of
disintegration in cortical networks.

In Experiment 2 [Jung et al. 2012, J Neurosci 32:5667-77] we studied the somatosensory CC
connecting the primary and secondary somatosensory cortices (S1, S2) in 14 healthy volunteers.
Interhemispheric effective connectivity between the S1 and S2 in the two hemispheres was determined
by a novel protocol using magnetoencephalographic (MEG) source analysis of conditioning-test median
nerve somatosensory evoked fields. Bimanual tactile task performance was tested by a tactile localization
task and a haptic object recognition task. We found that FA of callosal fibers interconnecting S2
correlated directly and topographically specifically with interhemispheric inhibition of the contralateral S2
MEG source activity. In addition, interhemispheric inhibition of S2 MEG source activity correlated directly
with bimanual tactile task performance. This demonstrated again a close link between microstructure and
electrophysiological and behavioral measures of interhemispheric connectivity.

In summary, individual differences in quantitative information of local microstructure of the motor and
somatosensory human corpus callosum predict variance in electrophysiological and behavioral measures
of interhemispheric information transfer.
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Interhemispheric connections shape individual
conscious experience of visual illusions
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1University of Munster, Institute of Psychology, Fliednerstr. 21, 48149 Minster, Germany

2Max Planck Institute for Brain Research, Department of Neurophysiology, Deutschordenstr. 46, 60528 Frankfurt am Main,
Germany

3Brain Imaging Center Frankfurt, Schleusenweg 2-16, 60528 Frankfurt am Main, Germany

4Ernst Striingmann Institute (ESI) for Neuroscience in Cooperation with Max Planck Society, Deutschordenstr. 46, 60528
Frankfurt am Main, Germany

5Univers.ity of New South Wales, School of Psychology, Sydney, Australia
8Goethe University, Frankfurt Institute for Advanced Studies, Ruth-Moufang-Str. 1, 60438 Frankfurt am Main, Germany

When we think about differences between individuals, we are used to describe them in terms of
variations in outer appearance and personality. But recent research from colleagues and in our lab has
demonstrated that people show a large degree of variability even in very basic sensory functions.

We used two paradigms that have been extensively studied in consciousness research: (1) The ‘motion
quartet’, an apparent-motion stimulus, produces alternating perceptions of horizontal and vertical motion
without any changes in the physical characteristics of the display. (2) The ‘traveling wave’ of binocular
rivalry uses competing presentations of separate stimuli to the two eyes, which also leads to
spontaneous switches in conscious perception. A specific feature of the traveling wave is that the
perceptual switches are generated such that the change in perception spreads across the visual field in a
controlled manner. Both paradigms show characteristic deviations when neural processing has to be
integrated or transferred between brain hemispheres.

We could demonstrate that this cost of interhemispheric transmission is a stable feature of individuals
across time. In order to identify the anatomical source of the interindividual differences, we used diffusion
tensor imaging and functional magnetic resonance imaging to localize different visual areas and their
fiber connections between the left and right hemispheres through the corpus callosum. Our results show
that separate connections between early visual (traveling wave) and motion -related (motion quartet)
areas predict the respective differences in conscious perception between individuals, revealing a high
degree of specificity in the anatomical basis of subjective experience.
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Surface area of early visual cortex predicts individual
speed of traveling waves during binocular rivalry

Erhan Genc1, Johanna Bergmann2’5, Wolf Singer2’3’4'6, Axel Kohler?’
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Minster, Germany

Binocular rivalry between competing representations ensues when different images are presented to the
two eyes with conscious perception alternating between the possible interpretations every few seconds.
For large rivalry displays, perceptual transitions are often initiated at one location and spread to other
parts of the visual field, a phenomenon termed traveling wave. Previous studies investigated the
characteristics of the traveling wave and the underlying neural mechanisms and surmised that early
visual areas and especially primary visual cortex might play an important role. In the current study, we
used magnetic resonance imaging and behavioral measures in humans to explore how interindividual
differences in observers’ subjective experience of the wave are related to anatomical characteristics of
different cortical regions.

We measured wave speed in a group of participants and confirmed the long-term stability of the
individual values after several weeks. Retinotopic mapping was employed to delineate borders and
extent of early visual areas V1-V3 in order to determine surface area and cortical thickness in those
regions. Only the surface areas of V1 and V2, but not V3 showed a correlation with wave speed across
participants. For individuals with larger V1/V2 area, the traveling wave needed longer to spread across
the same distance in visual space. Our results demonstrate that anatomical characteristics of specific
cortical areas predict the individual propagation of traveling waves, providing further evidence that V1 is
an important site for neural processes underlying binocular rivalry.
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On the relevance of inter-individual callosal differences
for behaviour and experience

René Westerhausen'

1Univers.ity of Bergen, Dept. Biol. & Med. Psychology, and Division of Psychiatry, Haukeland University Hospital, Bergen,
Norway

The two cerebral hemispheres are specialized for different functions and receive different information
about the environment from the sensory organs. Inter-hemispheric communication is crucial for an
efficient coordination and integration of hemispheric processing. The corpus callosum, the major white-
matter pathway connecting the two hemispheres, provides the anatomical basis for this inter-hemispheric
communication. Systematic studies on patients with callosal lesions or surgical transsection of the
corpus callosum (split-brain patients) further support its functional role. However, structural analyses of
the intact corpus callosum also reveal substantial inter-individual differences in its macro- and
microstructural properties. This observation leads to the question of the functional relevance of this
“normally occurring” callosal variability. Here, data from a series of studies will be presented providing
evidence in favour of a structure-function association in the corpus callosum, by showing that callosal
structure variability explains individual differences in the inter-hemispheric transfer of auditory
information. Throughout these studies auditory transfer was assessed using the dichotic listening
paradigm. This consists of presenting series of verbal stimulus pairs (based on consonant-vowel
syllables, like /ba/ - /gal), whereby one to the two stimuli is presented to left and the other one,
simultaneously, to the right ear. Instructed to report the syllable heard the best, participants typically
report the right stimulus more frequently than the left. This right -ear advantage is usually explained
referring to the preponderant contra-lateral projections of the ascending auditory pathways, which lead to
a direct access of the right-ear stimulus to speech processing centres located in the left hemisphere.
Correct report of left-ear stimuli, however, relies on the efficiency of the inter-hemispheric transfer, since
the left-ear stimulus information needs to be transferred from its initial terminal in the right hemisphere
via the corpus callosum to gain access to the left-hemispheric speech processing areas. In line with this
so-called structural model, the correct left-ear reports in the dichotic listening task correlate with the
structural measures of the corpus callosum (midsagittal size of the splenium and isthmus, as well as the
size of specific temporal-callosal pathways as determined with diffusion-tensor fibre tracking). A
longitudinal study exploring the origin of this structure-function association showed that the growth of the
corpus callosum between the age of 6 and 8 years specifically predicts the development of the correct
left-ear reports in that time period. Taken together, the present results indicate that inter-individual
structural differences in the posterior corpus callosum are relevant for auditory transfer related to speech
perception. Furthermore, this structure -function relationship found in the adult corpus callosum may be
linked to plastic refinement processes of the inter-hemispheric connections in response to the acquisition
of phonological abilities in early school age. However, future studies are required to separate genetic
from environmental influences on the development of the observed structure-function association.
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BRAIN STRUCTURE CORRELATES OF INDIVIDUAL
DIFFERENCES IN PERCEPTUAL RIVALRY

Ryota Kanai'

1University of Sussex, School of Psychology, Pevensey Building, BN1 9QH Falmer, United Kingdom

Conscious perception can fluctuate spontaneously between possible interpretations. The timing of such
perceptual reversals is stochastic and exhibit large inter -individual differences. We hypothesised that
variability in perceptual rivalry may be rooted in structural differences of the brain across individuals. To
test this, we collected perceptual switch rates for a structure-from-motion (SFM) stimulus from a group of
52 participants and examined whether variability in brain structure across participants could account for
the individual differences in switch rate. We found that the gray matter volume of posterior superior
parietal lobe (SPL) in both hemispheres correlated positively with inter-individual differences in switch
rate. Diffusion tensor imaging (DTI) of the same participants showed that the integrity of the white matter
connecting these SPL regions was greater for those with faster switch rate. On the other hand, an
opposite relationship was found in the anterior part of right SPL whose volume negatively correlated with
individuals' switch rate. The causal involvement of these regions were confirmed by a series of
transcranial magnetic stimulation (TMS) experiments. Transient disruption of both left and right posterior
SPL by TMS slowed switch rates, whereas disruption of right anterior SPL made the rate faster. These
findings suggest that right anterior SPL is involved in maintenance of the current percept, while posterior
SPL prompts switches to alternative percepts. These findings suggest that perceptual rivalry involves
dynamic competition between high-level perceptual hypothesis and low-level prediction errors.
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Genetic architecture of punishment-, relief-learning and
shock avoidance

Mirjam Appel1, Claus-Jurgen Scholzz, Marcus Dittrich3, Tobias MUIIer3, Sami
Godekdag T, Samet Kocabey!, Sinead Savage', Marie Bockstaller!, Tuba Oguz’,
Hiromu Tanimoto1, Ayse Yarali'

TMax Planck Institute for Neurobiology, Behavioural genetics, Am Klopferspitz 18, 82152 Martinsried, Germany

2|nstitute of Clinical Biochemistry and Pathobiochemistry, University of Wirzburg, Germany
3Department of Bioinformatics, Biocenter, University of Wirzburg, Germany

Painful stimuli both release immediate action, and are inscribed in memory to affect future behaviour.
Fruit flies for instance innately avoid an electrified T-maze arm. They also readily learn the associative
relationship between an odour and electric shock. In fact, an experience with shock leaves two opponent
memories: When presented before the shock, an odor is learned to signal ‘punishment’ and is later on
avoided; when presented after the shock itis learned as a signal for ‘relief leading to conditioned
approach1. Both the innate avoidance of shock and the opponent memories about it are conserved up to
humans2. We used a genome-wide approach in the fruit fly to compare the genetic architecture of shock
avoidance, punishment-learning and relief-learning. We took advantage of 38 inbred fly strains that have
been characterized in terms of transcript abundance3 and genome sequence4. We found significant
across-strain variation in all three kinds of behaviour, with no correlation between behaviours. We then
looked for genes associated with each behavior, in terms of either expression level or sequence
polymorphisms, revealing little overlap in the genetic effectors between behaviours. For each of the three
behaviours, we analyzed the arising candidate genes in terms of known function, revealing many with
homologues implicated in human disease5. Based on known protein -protein interactions and our
association results we will now perform gene-network analyses to get a broader picture on signaling
pathways and neurotransmitter systems involved in each kind of behaviour. With respect to shock
avoidance we went a step further and used reverse genetics to verify the role of 11 genes, corresponding
to hit rate of ~ 50%. Among these genes is the heat sensor trpA1, suggesting for the first time a possible
mechanism for shock-sensation. We are now scrutinizing the roles of further candidates including other
thermo- and mechano-sensors as well as genes related to aminergic and peptidergic signaling. In the
future, we will undertake such independent verification with respect to punishment- and relief learning,
too. This approach for the first time systematically compares the molecular mechanisms of different
shock-related behaviours. Especially, with respect to relief learning, of which close to nothing is known,
our list of candidate genes should enable a significant leap forward. Finally, considering the molecular
conservation across species, the knowledge of fly genes implicated in shock-related behaviours may
possibly help neurogenetic trauma-research in humans.

1Tanimoto et al. 2004, Nat

2Andreatta et al. 2010, Proc Biol Sci

3Ayroles et al. 2009, Nat gen

4Mackay et al. 2012, Nat

5http://superfly.ucsd.edu/homophila/
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SPECIALISATION OF THE SPECIALISTS - THE
NEUROSCIENCE OF INDIVIDUAL DIFFERENCES

Lutz Jancke'

1University Zurich, Neuropsychology, Binzmuhlestrasse 14, 8050 Zurich, Switzerland

The last 20 years of neuroscientific research has uncovered many findings supporting the idea that the
human brain is shaped (beside genetic influences) by experience. These experience-dependent
influences on the neurophysiology and neuroanatomy can be inferred by the many specific anatomical
and neurophysiological features of the bran of specialists. In this talk | will present findings from our own
lab demonstrating specific anatomical and neurophysiological features identified in musicians,
synesthetes and other exceptionally behaving subjects. On the basis of these findings | will discuss the
plasticity of the human brain and the associated consequences.
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Lack of brain serotonin affects postnatal development
and serotonergic neuronal circuitry formation

Massimo Pasqualetti1

1University of Pisa, Cell and Developmental Biology Unit, Biology Department, S.S.12 Abetone e Brennero 4, 56127 Pisa, Italy

Despite increasing evidence suggests that serotonin (5 -HT) can influence neurogenesis, neuronal
migration and circuitry formation, the precise role of 5-HT on central nervous system (CNS) development
is only beginning to be elucidated. Moreover, how changes in serotonin homeostasis during critical
developmental periods may have etiological relevance to human mental disorders, remains an unsolved
question. In this study we address the consequences of 5-HT synthesis abrogation on CNS development
using a knock-in mouse line in which the tryptophan hydroxylase 2 (Tph2) gene is replaced by the eGFP
reporter. We report that lack of brain 5-HT results in a dramatic reduction of body growth rate and in 60%
lethality within the first 3 weeks after birth, with no gross anatomical changes in the brain. Thanks to the
specific expression of the eGFP, we could highlight the serotonergic system independently of 5-HT
immunoreactivity. We found that lack of central serotonin produces severe abnormalities in the
serotonergic circuitry formation with a brain region - and time -specific effect. Indeed, we observed a
striking reduction of serotonergic innervation to the suprachiasmatic and thalamic paraventricular nuclei,
while a marked serotonergic hyperinnervation was found in the nucleus accumbens and hippocampus of
Tph2::eGFP mutants. Finally, we demonstrated that BDNF expression is significantly up-regulated in the
hippocampus of mice lacking brain 5-HT, mirroring the timing of the appearance of hyperinnervation and
thus unmasking a possible regulatory feedback mechanism tuning the serotonergic neuronal circuitry
formation. On the whole, these findings reveal that alterations of serotonin levels during CNS
development affect the proper wiring of the brain that may produce long -lasting changes leading to
neurodevelopmental disorders.
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Behavioral and physiological consequences of central
5-HT deficiency in mice

Natalia Alenina’

TMDC, molecular biology of peptide hormones, Robert-Roéssle-str. 10, 13125 Berlin, Germany

The monoamine serotonin (5 -hydroxytryptamine, 5-HT) plays an important role in a broad range of
physiological processes working as an autacoid in the periphery and as a neurotransmitter in the brain.
Biosynthesis of serotonin in the periphery and in the brain is limited on the first step by two distinct
tryptophan hydroxylase enzymes, TPH1 and TPH2, respectively. By genetically ablating Tph2, we
created mice which lack serotonin in the central nervous system, without altering its levels in the
periphery. Surprisingly, and in contrast to animals lacking other neurotransmitter systems, these mice
exhibit normal embryonic development, can be born and survive until adulthood. However, depletion in
serotonin signaling in the brain leads to growth retardation in the first weeks of postnatal life in these
mice. These growth abnormalities could not be linked to altered food intake or temperature control of
Tph2-deficient pups. Morphological study of the cerebral cortex over postnatal development showed a
delayed maturation of the upper cortical layers in the Tph2-/- mice, confirming the observation that 5-HT
is required for the pre-weaning growth of mouse pups, but that brain development is relatively immune to
severe 5-HT depletion.

Behaviour assessment in Tph2 -deficeint animals revealed extreme aggressiveness and low level of
anxiety in conflict tests, including exploratory behaviour in these mice. Moreover Tph2-/- females,
despite being fertile and producing milk, exhibit impaired maternal care leading to poor survival of their
pups. Furthermore, a depression-like phenotype, observed in the forced swim test in Tph2-/- mice, could
be reversed by chronic treatment with the selective serotonin reuptake inhibitor fluoxetine, strongly
arguing for a the contribution of non-serotenergic pathways to the action of this antidepressant.
Furthermore, alterations in the control of autonomic functions were evident in Tph2-deficient animals,
including disturbances in thermoregulation, cardiovascular function, and respiration. Although serotonin
release is known as a negative regulator of appetite, lack of 5-HT resulted in slight increase in food and
also liquid consumption. However, these mice tend to accumulate less fat. This phenotype became even
more prominent under high fat diet: Tph2-deficient animals were protected from high fat diet-induced
obesity and exhibited better performance in metabolic test after 20 weeks of high fat food consumption,
probably due to an increased energy expenditure throughout the life.

Thus, Tph2-/- animals represent a unique model to clarify the functional importance of the
neurotransmitter serotonin. These mice demonstrate that central serotonin is not essential for life but is a
pivotal modulator of numerous autonomic pathways.
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Role of cortical serotonin for sensomotor processing,
anxiety and reinforcement

Christian P. Miiller’

Friedrich-Alexander-Universitiy of Erlangen-Nuremberg, Psychiatric University Clinic, 1Schwabachanlage 6, 91054 Erlangen
Erlangen, Germany

Ascending serotonergic projections control the activity in virtually all areas of the diencephalon and
telencephalon. While the role of serotonin in limbic brain areas is well established in the control of
sensomotor processing, emotional behavior and reinforcement, little is known about the specific role of
serotonin in neocortical brain areas. It was shown that extracellular serotonin activity increases in the
neocortex of rats after sensory stimulation in-vivo in a brain area selective and sense modality specific
way. This increase was shown to contribute to stimulus-induced of locomotor activity, emotional behavior

and reward learning. Here we discuss recent evidence on the specific role of serotonin in distinct
neocortical areas in behavior.



Gottingen Meeting of the German Neuroscience Society 2013 811'4

Early life adversity and serotonin transporter gene
variation interact to shape the adult hypothalamo-
pituitary-adrenal axis and stress escape behaviour.

Judith R Homberg1, Rick van der Doelen?, Tamas Kozicz2

"Donders Institute for Brain, Cognition, and Behaviour, Department of Cognitive Neuroscience, Geert Grooteplein 21, 6525 EZ
Nijmegen, Netherlands

2Donders Institute for Brain, Cognition, and Behaviour, Department of Anatomy, Geert Grooteplein 21, 6525 EZ Nijmegen,
Netherlands

Recent essays and reviews in psychiatric translational research have postulated the possibility that,
instead of a necessary pathological role of early life adversity, the match or mismatch between the early
and later (e.g. adolescent, adult) life environment could determine vulnerability to stress-related
psychiatric disorders. It has been established that the low activity variant of the common serotonin
transporter promoter polymorphism increases the occurrence of depression following early life stress
exposure. To elucidate the whether stress in early life can also increase adaptive fitness for later life
stress encounters, we tested adult serotonin transporter heterozygous (5-HTT+/-) and homozygous (5-
HTT-/-) knockout and wild-type rats - half of which underwent maternal separation in early life - for their
ability to avoid footshocks in the learned helplessness paradigm. In a separate group of maternally
separated and non-stressed 5-HTT+/-, 5-HTT-/- and wild-type rats we also measured the functioning of
the hypothalamo -pituitary-adrenal (HPA) axis, during adulthood. We found that both 5 -HTT gene
variation and early life treatment had a significant effect on the average escape latency of the rats in the
learned helplessness test. Remarkably, the maternal separation group showed increased active coping,
which was especially significant in 5 -HTT+/-rats. 5 -HTT-/- rats showed increased stress escape
behaviour regardless of early life maternal separation. We also observed that mMRNA levels of the ACTH
receptor and 3 -fO-hydroxysteroid dehydrogenase (3fO -HSD; enzyme involved in corticosterone
synthesis) were increased in the adrenals of non-stressed 5-HTT-/- rats, but decreased in 5-HTT-/- rats
that had been exposed to maternal separation. Corticosterone levels in blood plasma followed the same
gene x environment interaction. Together our data show that 5-HTT-/- rats are well adapted by nature to
cope with controllable stress, and 5-HTT+/- rats after early life stress experiences. These data have
heuristic value for the design of individualized therapies in depression.
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Ultrasonic communication and social behaviors iIn rats
lacking the serotonin transporter

Markus Wohr!

1Philipps-University of Marburg, Experimental and Physiological Psychology, Gutenbergstr. 18, 35032 Marburg, Germany

Rats emit distinct types of ultrasonic vocalizations (USVs), which serve as situation-dependent affective
signals. Juvenile and adult rats emit low-frequency 22-kHz USVs (“alarm calls”) in aversive situations
such as predator exposure (Blanchard et al., Physiol Behav, 1991), fear conditioning (Yee et al., J
Psychiatr Res, 2012) or social defeat (Kroes et al., Behav Brain Res, 2007), whereas high-frequency 50-
kHz USVs (“rat laughter”) occur in appetitive situations such as social play (Knutson et al., J Comp
Psychol, 1998) or when exposed to drugs of abuse like amphetamine (Thompson et al., Behav Brain
Res, 2006). In support of a communicative function, itwas demonstrated by means of playback
experiments that 50-kHz and 22-kHz USVs induce call-specific behavioral responses in the recipient.
While 50-kHz USVs induce social approach behavior, supporting the notion that they serve as social
contact calls, 22-kHz USVs lead to freezing behavior, indicating an alarming function (Wohr &
Schwarting, PloS One, 2007). These opposite behavioral responses are paralleled by distinct patterns of
brain activation; with aversive 22-kHz USVs inducing activation in amygdala and periaqueductal gray,
both implicated in the regulation of anxiety and fear, whereas pro-social 50-kHz USVs evoke neuronal
activation in the nucleus accumbens, strongly implicated in reward processing (Sadananda et al.,
Neurosci Lett, 2008). Serotonin (5-hydroxytryptamine, 5-HT) is a monoamine neurotransmitter with major
impact on brain development in mammals. Upon release, extracellular levels of 5-HT are primarily
regulated by reuptake through the 5-HT transporter (SERT). Several lines of evidence associate altered
serotonergic signaling with neuropsychiatric disorders, including autism. Autism is a neurodevelopmental
disorder that is behaviorally defined by three core symptoms, namely deficits in social interaction,
communication impairment and repetitive behavior. Hyperserotonemia is found in about 30% of autism
cases (Schain & Freedman, J Pediatr, 1961). Genome-wide and pathway-based association studies led
to the identification of several susceptibility genes for autism, including the SERT-encoding gene Slc6a4
(Sutcliffe et al., AmJ Hum Genet, 2005). In the present study ultrasonic communication and social
behaviors were assessed in SERT knockout rats. Rats lacking SERT were found to display reduced
social approach behavior when exposed to playback of pro-social 50-kHz USVs. While wildtype and
heterozygous littermate controls showed high levels of social approach behavior, social approach
displayed by SERT knockout rats was reduced by 20-30% of controls. The reduced level of social
approach behavior found in SERT knockout rats was paralleled by a complete lack of USV emission in
response to playback. This is in stark contrast to wildtype and heterozygous littermate controls, of which
both emitted high numbers of USVs when exposed to pro-social 50-kHz USVs. The lack of USV
emission in SERT knockout rats appears to be specific for the social context of the playback experiment,
as rats lacking SERT were found to emit high rates of 50-kHz USVs when exposed to novel
environments or in response to amphetamine. While genotypes did not differ in amphetamine-induced
hyperlocomotion, SERT knockout rats emitted more amphetamine-induced 50-kHz USVs than controls.
Together, the present findings show that SERT plays an important role in ultrasonic communication and
social behaviors.
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Cortical hyperconnectivity associated with
overexposure to 5-HT during brain development.

Stephanie Miceli’, Martijn Selten?, Moritz Negwer1, Judith Homberg1, Dirk Schubert

"Donders Institute for Brain, Cognition and Behaviour , Department of Cognitive Neuroscience , Postbus 9101 , 6500 HB
Nijmegen , Netherlands

Serotonin (5-HT) guides neuronal migration during early cortical development and growing
thalamocortical afferents transiently express the serotonin transporter (5-HTT). In rodents, blockage of 5-
HTT function leads to high serotonin levels which results in reduced and diffuse thalamocortical
projections towards the primary somatosensory (barrel) cortex. In our rat 5-HTT knockout model we
investigated changes in cortical microcircuitry as a result of increased 5 -HT levels during critical
neurodevelopmental periods. Signal transmission across cortical layers of the barrel cortex in-vitro was
analyzed using a combination of Multi-Electrode-Array (MEA) and whole-cell patch clamp recordings.
The data indicated an increase in signal propagation associated with a higher number of synapses in the
associative supragranular layers Il/lll. Functionally, whereas a decrease in somatosensory afferent input
could lead to sensory discrimination deficits, the observed intra-cortical hyperconnectivity might
represent a compensatory mechanism for such reduced input.
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Behavioral and neurochemical consequences of subtle
reduction in central serotonin production in mice

Valentina Mosienko1, Susann Matthes1, Daniel Beis1, Michael Bader1, Natalia Alenina’

TMax-Delbrueck-Center for Molecular Medicine, Molecular Biology of Peptide Hormones, Robert-Roessle str 10, 13125 Berlin,
Germany

Since a long time serotonin is believed to be associated with anxiety and depression traits in humans.
The most frequently prescribed antidepressants target the serotonergic system. Moreover, since the
discovery of a rate-limiting enzyme of serotonin synthesis in the brain, tryptophan hydroxylase 2 (TPH2),
lots of studies tried to link certain polymorphisms in TPH2 with decreased serotonin production and
abnormal behavior. However, the question whether or not certain polymorphism will lead to a reduction in
central serotonin that in turn could influence specific behaviors remains unsolved. In order to address
these questions we created three mouse models with a partial reduction in TPH2 activity.

The first model is a congenic mouse carrying the Tph2 C1473G polymorphism on C57BI/6 genetic
background (TphZG/G), which leads to the substitution of the aminoacid Pro447 by Arg447 and a
subsequent reduction in TPH2 activity. This polymorphism was discovered between the C57BI/6 (1473C
allele) and DBA (1473G allele) mouse strains and was suggested to be responsible for behavioral
differences between these strains. The second model is a mouse on C57BIl/6 genetic background

heterozygous for the Tph2-null allele (Tph2+/' or TphZC/'). And the third model is a mouse carrying one
Tph2-null allele and one 1473G allele (Tph2®/) obtained by crossing Tph2€/C mice with Tph2-deficient
mice (Tph2'/') on C57BI/6 genetic background.

At first we assessed anxiety - and depression -like behavior in these mouse models. Surprisingly,
TphZG/G, TphZC/', and TphZG/' mice did not differ from C57BI/6 control mice (TphZC/C) in elevated plus
maze, marble burying test, and novelty suppressed feeding, as well as in the forced swim test pointing to
normal anxiety- and depression-like behavior.

Next to elucidate if a reduction in TPH2 activity affects serotonin turnover in vivo, we evaluated serotonin
synthesis rates by HPLC measurement of 5-HTP accumulation after pharmacological inhibition of its
further conversion to 5-HT. Tph2C/C, Tph2®" and Tph2C- mice exhibited around 33, 19, and 59%
reduction in brain serotonin synthesis in comparison to C57BI/6 animals, leading to a subsequent 9, 13,
and 19% lowering in brain serotonin level, respectively. This difference between serotonin synthesis and
content may arise from reduced serotonin turnover, observed in TphZG/G, TphZC" and TphZG/' mice.
Furthermore, acute tryptophan injection could restore the serotonin content in Tph2G/G, TphZC/', but not
in Tph2%" mice to the level of control. In addition, 5-HT1A receptor function, evaluated by body
temperature measurement after acute 5-HT1A agonist 8-OH-DPAT treatment, was enhanced in TphZG/G
and TphZG/' mice.

Our data suggest that a partial reduction in TPH2 activity as well as a subtle depletion in brain serotonin
does not change emotional behavior in mice most likely due to compensatory mechanisms including
reduced serotonin metabolism and increased 5-HT1A receptor sensitivity.
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Neuronal migration illuminated: a look under the hood
of the living neuron

David Joseph Solecki’

1st. Jude Children's Research Hospital, Developmental Neurobiology, 262 Danny Thomas Place, 38105 Memphis, USA

During vertebrate brain development, migration of neurons from the germinal zones to their final laminar
positions is essential to establish functional neural circuits. Whereas key insights into neuronal migration
initially came from landmark studies identifying the genes mutated in human cortical malformations, cell
biology and state of the art time lapse microscopy has recently expanded our understanding of how
cytoskeletal proteins and molecular motors drive the morphogenic cell movements that build the
developing brain. The work from a variety of laboratories suggests the neurons migrate with a two-stroke
cadence where the centrosome or cytoplasmic organelles move toward the direction of migration before
somal translocation that ultimately has served as an excellent model to explore cytoskeletal function in
migrating neurons throughout the CNS. Recently, we have identified the proximal portion of the
cerebellar granule neuron leading process a region possessing high acto-myosin contractility necessary
for centrosomal and somal translocation during nucleokinesis. | will present the latest results from my
laboratory further examining leading process acto-myosin and highlight its role in positioning the golgi
complex, primary cilia and regulating leading process adhesion during nucleokinesis.
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Imaging of neuronal migration in zebrafish

Reinhard Wolfgang Koester'

Tu Braunschweig, Zoological Institute, Spielmannstrasse 7, 38106 Braunschweig, Germany

The coordinated migration of immature neurons to their final location of function is a crucial step during
brain differentiation. In the cerebellum such prominent migration ensures the formation of neuronal layers
and thus proper neuronal wiring and function. Neuronal migration can be directly observed in the
transparent zebrafish embryo in order to understand cellular and molecular mechanisms that orchestrate
the migration of neurons.

By analyzing different GFP-expressing transgenic zebrafish strains we have revealed the time course
and pathways of migration for different cerebellar neuronal populations. As an example granule cell
migration will be presented which occurs in a glia independent manner by the formation of chain-like
structures among migrating neurons. Migration is cohesive and directional - migratory properties that are
lost upon depletion of N-Cadherin expression. The lack of cohesive migration can be explained by the
loss of adherens junctions. Directional migration though seems to be guided by a coupling of leading
process and centrosome movements, which is lost upon impaired N-Cadherin expression. Imaging of N-
Cadherin itself reveals a dynamic transport of this adhesion factor along the membrane of migrating
granule cells that correlates with centrosome positioning. This oriented transport of N-Cadherin can thus
guide directional migration.

To further analyze the subcellular coordination of neuronal migration we have generated Gal4 activator
constructs that allow for efficient transgene activation in a rhombic lip specific manner. In addition, multi-
cistronic Gal4 -effector constructs enable different organelles to be monitored simultaneously in living
zebrafish embryos. When rhombic lip-derived migration is revisited at the subcellular level several
surprising findings were revealed: Based on cell movements to and along the midbrain-hindbrain
boundary, rhombic lip-derived migration was initially classified as a two-phase migration. Now organelle
dynamics show that the first phase represents extended proliferation movements rather than true rhombic
lip disconnected cell migration. Nucleokinetic migration in vivo does not involve a strictly leading
centrosome, instead the centrosome iteratively moves around the nucleus - reminiscent of Cadherin-2
dynamics - to the cell front where it is regularly overturned by the nucleus, questioning some of the
current models of nucleokinesis. Finally, axonogenesis is observed to occur simultaneously to migration
at a distance to the centrosome differing from in vitro findings in which the proximity to the centrosome
determines filopodia to initiate axonogenesis. Thus in vivo cell biological analysis of neuronal migration
reveals important insights into the cellular mechanisms and subcellular coordination of cellular dynamics.
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The ADF/cofilin family of actin binding proteins in
neuronal migration and cortical development

Walter Witke1, Melanie SchUtz1, Kathrin Blésius1, Christine Gurniak'

1University Bonn, Institute of Genetics, Karlrobert-Kreiten 13, 53115 Bonn, Germany

Neuronal Migration is a key feature during brain morphogenesis and defects can result in severe
neurological disorders. We will present data on the essential functions of the ADF/cofilin family in brain
and particular in cortical development. We had previously shown that deletion of cofilin1 in mouse brain
results in a lissencephaly-like phenotype and here we will provide information on the mechanisms of
cortical neuron migration in the mutant animals. Using conditional mutagenesis in the mouse we will
dissect the neuronal and glia based contribution of ADF/cofilin in cortical development. Cell culture
experiments will complement these studies to elucidate the mechanisms of ADF/cofilin function during
neuronal migration.
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Reelin-induced cofilin phosphorylation stabilizes the
actin cytoskeleton during the migration of cortical
neurons

Michael Frotscher’

1Center for Molecular Neurobiology Hamburg (ZMNH), Institute for Structural Neurobiology, Falkenried 94, 20251 Hamburg,
Germany

Reelin is a large glycoprotein of the extracellular matrix known to be involved in the radial migration of
cortical neurons. In reeler mutants deficient in Reelin, the migration of neurons in the neocortex,
hippocampus and cerebellum is severely altered, but the precise mechanism of Reelin’s function in the
migratory process remains to be elucidated.

We have recently provided evidence for Reelin being involved in the phosphorylation of cofilin, an actin-
associated protein. Cofilin depolymerizes F-actin and thus participates in the reorganization of the actin
cytoskeleton. Reorganization of the actin cytoskeleton is required for changes in cell shape and is
involved in migratory activity and process growth. Phosphorylation of cofilin at serine3 renders it unable
to depolymerize F-actin, thereby stabilizing the cytoskeleton. Previous studies have shown that
stabilization of the leading processes of migrating neurons is required for their proper migration by
nuclear translocation in the terminal phase of the migratory process. By means of cofilin phosphorylation
Reelin synthesized and secretered by Cajal-Retzius cells in the marginal zone is likely to stabilize the tips
of the leading processes of migrating cortical neurons, future apical dendrites of pyramidal cells. In fact,
we show that Reelin is colocalized with phosphorylated cofilin (p -cofilin) in the marginal zone of
neocortex and hippocampus. In reeler mutants p-cofilin is significantly reduced in the marginal zone.
Hence, the leading processes of migrating neurons are not anchored to the marginal zone by cytoskeletal
stabilization but are oriented in various directions. Indeed, previous Golgi studies have shown that the
apical dendrites of pyramidal neurons in the reeler mutant do not show their normal, characteristic
vertical orientation but run in various directions, often towards the white matter. Defect attachment of the
leading processes to the marginal zone is likely to be a major reason for the inability of late-generated
superficial neurons to pass by their predecessors. Supportive evidence for this hypothesis comes from
our recent in utero electroporation experiments. We transfected postmitotic neurons in the cerebral cortex
of mouse embryos with different constructs of cofilin, including point mutations at serine3, which resulted
in a loss of neuronal polarization and impaired migration. Together our findings underscore a significant
role of Reelin -induced cofilin phosphorylation for cytoskeletal stabilization, particularly of the leading
processes, and for correct neuronal migration and positioning.

(Supported by the DFG: FR 620/12-1)
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The actin-binding protein profilinl in glial cell binding
and radial migration of cerebellar granule neurons

Marco Rust’

1University of Kaiserslautern, Neurobiology/Neurophysiology Group, Erwin-Schrodinger Strasse 13, 67663 Kaiserslautern,
Germany

Migration of neurons along radial glial cells is essential for the lamination of cortical structures in higher
vertebrates. Cerebellar granule neurons (CGN) exploit fibers of Bergmann glia (BG) for radial migration
from the external to the internal granule cell layer. Cell-cell contacts play a pivotal role in this process,
however little is known about the mechanisms that control CGN-BG interaction. Here we demonstrate
that the actin-binding protein profilin1 in CGN and in BG is essential for glial cell binding and radial
migration. Our data suggest that profilin1 regulates neuron-glia interaction through a mechanism that
also involves vinculin and mena. Genetic ablation of profilin1 in the mouse brain leads to cerebellar
hypoplasia, aberrant organization of the cerebellar cortex layers, and CGN misplacement. Our results
show the critical importance of profilin1 for neuron -glia interaction and radial migration. Conversely,
proliferation of neuronal progenitors, tangential migration of neurons, and BG organization are
independent of profilin1 function.
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Circuits for memory formation in the fly brain

Hiromu Tanimoto’

TMax-Planck-Institut fuer Neurobiologie, Verhaltensgenetik, Am Klopferspitz 18, 82152 Martinsried, Germany

Animals can adapt their behaviour to given environment according to memories of their former
experiences. To address neural circuits underlying adaptive behaviour, we chose associative memory of
Drosophila melanogaster as a model system. Flies form positive or negative memories of an odour by
paired presentation of sugar reward or electric shock punishment. Over the past years, we have worked
on the neuronal mechanisms that endow positive or negative values with the odour and found the
important roles of neuromodulator dopamine. The value signals by dopamine converge with the odour
signal in the mushroom body that consists of second-order olfactory interneurons, thereby the fly forms
associative memories. Since dopamine is synthesized in ~280 neurons in the fly brain and involved also
in other brain functions, it is important to identify individual responsible neurons for value signalling. | will
summarize our most recent findings particularly how we identified different types of neurons for signalling
positive and negative values and discuss about the subcellular modulation of synapses at the formation
of memories.
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Dynamics of oflactory memory acquisition in Drosophila
melanogaster

Lisa Scheunemann1, Christian Hundsr[]ckerz, Enno Klussmannz, Marina Efetova1,
Martin Schwarzel

TFree University of Berlin, Neurogenetic, Takustr. 6, 14195 Berlin, Germany
2_eibniz-Institut fur Molekulare Pharmakologie, Campus Berlin-Buch, Robert-Rdssle-Str. 10, 13125 Berlin, Germany

Defining the molecular and neuronal basis of associative memories is based upon behavioral
preparations that are critically tuned to yield high memory performance. For sake of that goal behavioral
paradigms tend to overtrain by selecting for salient stimuli, strong reinforcement and repeated
conditioning trials. One well established paradigm is Drosophila aversive olfactory conditioning, where
animals experience a total of 12 iterations of high electric current administered during one minute of odor
exposure to complete one pavlovian training cycle. This “standard” training has been successfully used
since 1985 and itis sufficient to initiate immediate short-term memory (STM), consolidated anesthesia-
resistant memory (ARM) and labile anesthesia-sensitive memory (ASM) in wild type animals. Here, we
show that acquisition of STM, ASM and ARM are separate processes critically determined by iteration
and intensity of individual punishing events. We show that STM acquires in a graded fashion by
accumulation of shock iteration and intensity. In contrast, acquisition of ARM is a singular process while
ASM acquires via a characteristic two-step mechanism. At the molecular level we identified A-Kinase-
Anchoring-Proteins (AKAPs) at level of Kenyon cells as critical component for support of ASM. We
provide a list of 80 potential AKAPs in the fruit fly to serve as road map towards identifying particular
AKAPs involved in memory processing.
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Encoding of odor-reward association in single
mushroom body output neurons correlates with
behavioral performance

Martin Fritz Strube-Bloss

TMax Plank Institute for Chemical Ecology, Department of Evolutionary Neuroethology, Hans-Knoell Strasse 8, 07745 Jena,
Germany

Neural representations of odors are subject to computations that involve convergent and divergent
anatomical feed forward connections across different areas of the brains, in both mammals and insects.
In addition, higher order brain areas send recurrent feedback to the first order neuropiles. In the honey
bee, about eight hundred Projection Neuron (PN) axons from the primary olfactory processing center, the
Antennal Lobe (AL), make divergent connections to more than one hundred thousand Mushroom Body
(MB) intrinsic neurons, the Kenyon Cells (KC). This, sparsely distributed information then converges onto
only a few hundred Extrinsic Neurons (EN). Most ENs provide MB output to different brain areas. Some
ENs project to the contra lateral MB other ENSs, related to the centrifugal system, provide feedback
connections to the AL.

We studied the neural representation of odors across different processing levels (Strube-Bloss, Herrera-
Valdez & Smith, in review) and the encoding of odor-reward associations at the level of the MB output
(Strube-Bloss, Nawrot & Menzel, 2011). In naive animals we simultaneously recorded the single neuron
AL and MB output. We found that odor stimuli were equally well classifiable by both ensembles.
Surprisingly, the EN ensemble developed significant odor classification 24-60ms before the PN
ensemble significantly separates the odor stimuli. Furthermore, maximal odor separation in both
ensembles was 26-133ms apart, where the PNs always followed the ENs. Thus, the timing of the EN
ensemble activity would allow retroactive integration of its output signal into the ongoing computation of
the AL via its feedback projections.

In classical conditioning experiments we found that retrieval of a stored memory has an effect on the
timing of the EN population response. During the retention tests 3 hours after conditioning EN activity in
response to the reward associated odor (CS+) was prolonged and reached its maximum population
activity at the same time at which the AL population response reaches maximum odor separation. This
time shift of EN peak activity goes along with a drastic peak rate increase in ENs only for the reward
associated odor stimulus. We hypothesize that, during retention of a stored memory, both neuropiles
become coupled and compute at the same timescale.

At the single EN level, neuronal plasticity is expressed only after a 3h consolidation phase but not during
acquisition. Interestingly, the associative strength represented at the single neuron level is highly
correlated with the performance during memory retention in individual animals (Strube-Bloss, D’Albis &
Nawrot, in prep). During retention, we found a strong correlation between an animal’s individual
behavioral performance and a quantitative measure of learning at the single neuron level. We conclude
that the population of MB output neurons encode the value associated with a very specific odor stimulus
and predicts the potential reward that could be gained through appropriate action.

References:

Strube-Bloss MF, Nawrot MP, Menzel R (2011) Mushroom body output neurons encode odor-reward
associations. The Journal of Neuroscience 31: 3129-3140.



Strube-Bloss MF, Herrera-Valdez MA, Smith BH (under review) Ensemble response in mushroom body
output neurons of the honey bee outpaces spatiotemporal odor processing two synapses earlier in the
antennal lobe. PLoS ONE.

Strube-Bloss MF, D’Albis T, Nawrot MP (in prep) Single cell responses correlate to the behavioral
expression of a classical conditioned memory in individual honeybees
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A computational model of fast associative learning in
the honeybee

Joachim Haenicke1’2, Evren Pamir1’2, Martin Paul Nawrot 2

"Bernstein Center for Computational Neuroscience Berlin, Germany
2Freie Universitat Berlin, Theoretical Neuroscience / Neuroinformatics, Konigin-Luise-Str. 1-3, 14195 Berlin, Germany

Numerous experimental studies on classical conditioning in the honeybee Apis mellifera have provided
insights into the physiological processes of olfactory learning and memory formation. On the basis of
these findings, several theoretical studies have proposed different model hypotheses for sensory
processing and learning in the insect brain. However, the actual dynamics of associative learning as
evident from behavior in individual animals is typically neglected. For the honeybee, recent analyses
suggest that individual animals learn to associate between odor and sugar reward typically within a single
trial and subsequently show a stable conditioned response during training and memory retention (Pamir
et al. 2011, Learning & memory).

Here, we present a computational model approach at the spiking neuronal network level which allows us
to mimic a number of different experimental protocols during classical conditioning of the proboscis
extension response in the honeybee. We implement and compare different hypotheses on physiological
mechanisms that support fast associative learning by evaluating their ability to reproduce both behavioral
and physiological constraints as observed in experiments. The behavioral constraints of our model are
defined by the learning performance of individual animals during various conditioning paradigms (e.g.
absolute, differential, backward, delay, trace and massed conditioning, negative patterning). Physiological
constraints comprise recordings of neuronal activity from different processing stages along the sensory-
to-motor pathway.
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Behavioral and genetic basis of thermal aversive
conditioning in honeybees

Pierre Junca®, Julie Carcaud?, Sibyle Moulin, Lionel Garnery1, Jean-Christophe
Sandoz’

TCNRS, LEGS (Laboratoire Evolution, Génome et Spéciation), avenue de la terrasse, 91198 Gif-sur-Yvette, France

In the wild, animals learn to associate initially neutral sensory stimuli (color, odor, etc.) with positive (e.g.
food) or negative (e.g. danger) consequences and perform appetitive and aversive learning, respectively.
The honeybee (Apis mellifera) is an invertebrate model commonly used in the laboratory for studying
olfactory learning and memory. Until recently, research almost exclusively focused on olfactory appetitive
learning, using the protocol for conditioning the proboscis extension response (PER), in which bees learn
to associate an odor (conditioned stimulus - CS) with a sucrose reward (unconditioned stimulus - US). A
few years ago, a new aversive learning protocol was developed. In the conditioning of the sting extension
response (SER), bees learn to associate an odor (CS) with an electric shock (US). One drawback of
using an electric shock as US is that it is not a natural aversive stimulus for bees and that it is difficult to
pinpoint exactly which part of the bee’s body has been stimulated. It is therefore difficult to precisely
identify the peripheral receptors involved in the detection of this US. We thus aimed to provide a more
natural and controllable US for studying aversive SER conditioning and building a comprehensive model
of the neural pathways involved in this conditioning.

Here, we tested the use of a small heated probe that could be applied locally to different body parts. We
show that stimulation of most regions of the bee body with heat elicits the SER, while tactile stimulation
only does not. We next studied the responsiveness of chosen structures (antennae, mouthparts and
forelegs) to increasing temperature. In all three tested structures, an increasing number of bees
responded with SER when temperature increased. Similar temperature/response relationships were
observed in the three structures. We then asked whether heat can be used as US in a SER conditioning
protocol. We thus performed differential conditioning with two odors, one being punished with heat on
one of the three structures, the other odor being presented without punishment. We found that bees can
associate an odor with the thermal stimulus when heat is applied to the antennae, to the mouthparts or
to the legs. Thus heat can be used as an efficient US in the SER conditioning protocol. This new aversive
conditioning using local application of a thermal stimulus will enable us to more precisely study the
neuronal basis underlying the aversive conditioning in bees.

Honeybees are also good experimental model for studying the impact of genetic variations on learning
and memory. A queen bee usually mates with 15-20 drones, so that her worker offsprings belong to as
many different patrilines. Using microsatellite analysis, we analyzed heat sensitivity and aversive learning
performances in worker patrilines issued from a naturally -inseminated queen. First, we found that heat
responsiveness is closely correlated with SER learning performance: the more sensitive a worker is to
the heat US, the better it learns an aversive association with this US. We also found that some patrilines
were more heat sensitive and also better aversive learners than others, showing a clear genetic basis for
aversive responsiveness and learning. Future work will compare aversive and appetitive conditioning in
the same patrilines to understand whether both types of learning depend on the same or on a different
genetic basis.
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Issues for robot models of olfactory learning in insects

Barbara Webb', Jan Wessnitzer!, Jonas Klein?, Joanna M. Young'

1University of Edinburgh, School of Informatics, 10 Crichton St, EH8 9AB Edinburgh, United Kingdom

Implementing biologically inspired algorithms on a robot allows them to be tested in the context of
controlling real behaviour in the world. The neural circuit of olfactory learning in insects is increasingly
well understood and has been modelled in some detail. Both neurophysiological investigations and
neurocomputational models have focussed on the conditioned and unconditioned stimulus pathways, and
how their convergence in the mushroom bodies can lead to altered activity in extrinsic neurons. Synaptic
changes, which depend on the coincidence of presynaptic activity and biological amine release, and may
also involve spike timing dependent plasticity, can potentially encode memories for patterns of activity
evoked by odours and odour combinations. However, there remains a gap in accounting for the actual
change in behaviour that constitutes learning. For example, we have found that the ability of a simulated
mushroom body neural architecture to learn non-elemental tasks exceeds the actual behaviour of flies
trained on the same tasks [1,2]. By investigating a spiking neural circuit that controls the behaviour of a
robot, we gain insights into some of the remaining issues. Why does classical conditioning produce
specific behaviours? Does the conditioned stimulus now predict the unconditioned stimulus, or has a
direct connection between the conditioned stimulus and behaviour been strengthened? How does
sensory pre -processing shape learning? How does ongoing behaviour affect the temporal dynamics of
encountering stimulus and reinforcer? What is the moment by moment change in behavioural control that
underlies learning scores? How is the expression of learnt behaviour affected by motivational states and
the current environmental context?

1. Wessnitzer, J., Young, J., Armstrong, D. & Webb, B. (2011) A model of non-elemental olfactory
learning in Drosophila. Journal of Computational Neuroscience 32:197-212

2. Young, J., Wessnitzer, J., Armstrong, D.A. & Webb, B. (2011) Elemental and non-elemental
olfactory learning in Drosophila. Neurobiology of Learning and Memory 96:339-352
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On the equivalence of the insect brain and artificial
intelligence for pattern recognition

Ramon Huerta'

1University of California San Diego, BioCircuits Institute, 9500 Gilman Dr, 92101 San Diego, USA

In the course of evolution animals, bacteria and plants have developed
sophisticated methods and algorithms for solving difficult problems in
chemical sensing very efficiently. Complex signalling pathways inside
single cells can trigger movement toward the source of a

nutrient. Complex networks of neurons are able to compute

odor types and the distance to a source in turbulent flows. These
networks of neurons use a combination of temporal coding, layered
structures, simple Hebbian learning rules, reinforcement learning and
inhibition to quickly learn about chemical stimuli that are critical

for their survival.

In this talk we revisit the critical elements of the insect brain involved

in odor discrimination and determine the impact that each of the areas have

in learning an odor discrimination task. We apply these lessons to the problem

of gas identification with artificial sensor arrays. The insect brain must cope with those conditions by
preprocessing the data using the excitatory -inhibitory network in the first relay station of the insect
olfactory system. It manages to extract and dynamically inhibit common odor representation and
enhances the sensitivity to novel ones. Thus, we use the insect olfactory system as a base and
inspiration to build odor recognition devices that take advantage of the spatio-temporal characteristics of
the turbulent gas plume. We demostrate how they can be merged and compared to state-of-the-art
machine learning algorithms.
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alpha-synuclein regulates dopamine neurotransmission
specifically in susceptible neuronal populations: the key
to Parkinson's pathophysiology?

Richard Wade-Martins

1University of Oxford, Oxford Parkinson's Disease Centre, Department of Physiology, Anatomy and Genetics, South Parks
Road, OX1 3QX Oxford, United Kingdom

There is increasing evidence that the critical early and therapeutically -tractable phase of
neurodegenerative disease involves deficits in synaptic function before the appearance of protein
aggregates. Our work to understand the earliest pathways to pathology in Parkinson's disease (PD)
focuses therefore not on protein aggregation, but on studying changes in cellular physiology and
neurotransmission in dopaminergic and non-dopaminergic systems which precede pathology.

To better understand the sequence of events which occur in PD we have created BAC transgenic mice
(SNCA-OVX) which express wild-type human alpha-synuclein from the complete human wild-type SNCA
locus at ~2 -fold increased levels compared to endogenous to model the molecular mechanisms
associated with familial and sporadic PD. The SNCA -OVX mice were crossed onto the Snca-/-
background to avoid the confounding effect of expressing mouse alpha-synuclein. The SNCA-OVX mice
display a transgene expression profile which accurately recapitulates that of endogenous mouse alpha-
synuclein, including expression in the substantia nigra, ventral tegumental area, cortex and
hippocampus. SNCA-OVX mice exhibit a sustained deficit in dopamine release from a young age in the
dorsal but not ventral striatum as measured by fast-scan cyclic voltametery, thereby mirroring the
regional selective susceptibility in PD patients. The deficit was specific to dopamine transmission as there
were no changes in transmission of the monoamines serotonin or noradrenaline. The SNCA-OVX mice
develop vesicle disorganisation in dopaminergic terminals in the striatum which we propose to reflect
altered distribution of pre-synaptic vesicular pools. The SNCA-OVX mice showed early changes in
gastro-intestinal function, late-onset motor impairments and an age-dependent loss of nigrostriatal
dopaminergic neurons. Finally, we have shown the SNCA -OVX mice to have a reduced in vivo
dopaminergic neuron firing frequency at old, but not young, age. We propose the SNCA-OVX mice
model the temporal events of PD and allow us to better understand the complexity of this late-onset
disease.

The results from our novel SNCA-OVX mice are conversely reminiscent of our previous work in synuclein
knock-out mice. In our previous work our laboratory has shown that mice null for alpha-, beta- and
gamma-synuclein, or for alpha -and gamma -synuclein, displayed increased dopaminergic
neurotransmission specifically in the dorsal, but not ventral, striatum and that synuclein may negatively
regulate striatal dopamine release. Elevated dopamine release was accompanied by a decrease of
dopamine tissue content specifically in the dorsal striatum.

The pathological end-state of Parkinson's disease is well-described from post-mortem tissue, but the
earliest changes in the physiology of susceptible neurons remain unclear. Overall our findings in two
highly complementary models, the SNCA-OVX transgenic mouse, and combinatorial synuclein knock-out
mice, uniquely reveal the importance of alpha -synuclein in regulating neurotransmitter release from
specific populations of midbrain dopamine neurons. Our findings that alpha-synuclein regulates
dopamine handling by presynaptic terminals specifically in those regions preferentially vulnerable in
Parkinson's disease (PD) may ultimately inform on the selectivity of the disease process.
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Autophagy and alpha-synuclein aggregation

Jochen Klucken'

1University Hospital Erlangen, Department of Molecular Neurology, Schwabachanlage 6, 91054 Erlangen, Germany

Synucleinopathies such as Parkinson’s disease (PD) and Dementia with Lewy Bodies (DLB) are
characterized by intraneuronal alpha-synuclein aggregates (Lewy bodies or neurites). Even though
mutations of the alpha-synuclein gene have been linked to PD, the pathological relevance of alpha-
synuclein aggregates is still controversial. Autophagy of intracellular proteins plays an important role in
age-related disease of the central nervous system such as PD. Increasing evidence links autophagy
mediated degradation of proteins and intracellular organelles to the underlying molecular mechanisms of
PD. Alpha-synuclein oligomers or aggregates are degraded by autophagy. More recently, we were able
to show that autophagy modulation affects alpha-synuclein aggregation. Using both human post mortem
and combined in vitro/vivo analysis we suggest that this process may include both aggregate formation
and secretion of alpha-synuclein species. Induction of intracellular autophagy mechanisms may be
protective for the individual cell, but toxic for the microenvironment by released distinct synuclein species.
Our results indicate that autophagy is not only relevant for protein degradation, but also influences
aggregation and secretion of distinct alpha-synuclein species thereby potentially contributing to the
propagation of the aggregation process in PD and DLB.
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Alpha-synuclein oligomerization and neuronal
dysfunction: intracellular and extracellular effects

Tiago Fleming Outeiro’

1University Medical Center Goettingen, Department of Neurodegeneration and Restorative Research, Waldweg 33, 37073
Goettingen, Germany

Parkinson’s disease is the most common representative of a group of disorders known as
synucleinopathies, in which misfolding and aggregation of alpha-synuclein (a-syn) in various brain
regions is the major pathological hallmark. Here, we conducted an RNAi-based genetic screen to identify
novel modifiers of a-syn oligomerization in living cells, a step that precedes the formation of larger Lewy-
body like inclusions. We found that genes involved in trafficking and in signalling pathways are potent
modulators of a-syn oligomerization. In addition, we investigated the impact of different a-syn species
(monomers, oligomers, and fibrils) on readouts of synaptic transmission and plasticity. We found that a-
syn oligomeric species, but not monomers or fibrils, caused an enhancement of synaptic transmission
and impairment of long-term potentiation in Schaffer-collaterals/CA1 connections through a mechanism
dependent on NMDA receptor activation. Moreover, a-syn oligomers caused an increase in synaptic
calcium-permeable AMPA receptor expression. Since excitotoxicity is implicated in neurodegeneration,
our findings shed light into the mechanisms through which specific forms of a-syn may trigger neuronal
dysfunction and therefore enable the development of novel strategies for therapeutic intervention.



Gottingen Meeting of the German Neuroscience Society 2013 814'4

Investigation of the mechanisms of a-synuclein
secretion in vivo

KOSTAS VEKRELLIS!, EVANGELIA EMMANOUILIDOU", GEORGIA MINAKAKI',
MARIA KERAMIOT!I

TBIOMEDICAL RESEARCH FOUNDATION ACADEMY OF ATHENS, BASIC NEUROSCIENCES, SORANOU EFESIOU 4,
11527 ATHENS, Greece

Objective: To elucidate the mechanism(s) that regulate the secretion of a-synuclein in vivo, we have
pharmacologically manipulated a -synuclein release in mouse brain by locally applying reagents that
target intracellular calcium concentration, ATP-binding cassette (ABC) transporter operation, and
lysosome function.

Background: a-Synuclein is central in the pathogenesis of Parkinson’s Disease (PD). Recent discoveries
have suggested that a-synuclein can be directly transmitted from pathologically affected to healthy
neurons, thereby supporting a role of extracellular a-synuclein in the pathological progression of PD. We
have shown that in vitro a-synuclein is partially secreted via exosomes. Importantly, using an in vivo
microdialysis approach in conjuction with a novel, ultra-sensitive ELISA, we have recently shown that a-
synuclein is normally present in human and mouse brain parenchyma. This secretable form of a-
synuclein may be biologically important, since it may act in a paracrine manner affecting neighboring
cells.

Methods: Compounds were locally administered by reverse microdialysis in the striatum of freely moving
A53T-synuclein expressing mice. The effects of these reagents were assessed by quantification of a-
synuclein concentration in microdialysis fractions from the interstitial fluid (ISF) before and after the
administration of the compound.

Results: KCIl-induced membrane depolarization and thapsigargin, a potent inhibitor of the SERCA pump,
resulted in a sharp and significant increase in ISF a-synuclein levels. Administration of glyburide, a
selective sulfonylurea receptor 1 (SUR1)-blocker, caused a decrease in ISF a-synuclein concentration.
Application chloroquine, which potentially perturbs membrane trafficking from endosomes to lysosomes,
induced an increase of asynuclein release.

Conclusions: Our data so far has shown that a-synuclein secretion is a process that can be stimulated by
elevation of intracellular calcium concentration. Application of glyburide indicated that another type of
SUR1-regulated channels, but probably not KATP channels, could be implicated in a-synuclein export.
The endosomal pathway also seems to be involved in this process.
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Long-distance trafficking of Parkinson pathology in
neurons

Jia-Yi Li

Lund University, Wallenberg Neuroscience Center Department of Experimental Medical Science, BMC A10, 22184 Lund,
Sweden

Earlier post-mortem analyses of brains from patients with Parkinson’s disease who received fetal
mesencephalic transplants showed that a-synuclein-containing Lewy bodies gradually appear in grafted
neurons. We recently shown evidence of a-synuclein cell -to-cell transfer using in vitro and in vivo
models of PD, indicating that intercellular transfer of a-synuclein from host to graft, followed by seeding of
a-synuclein aggregation in recipient neurons, can contribute to the phenomenon in transplanted patients’
brains.

Braak and co-workers have hypothesized that Lewy body pathology may be transmitted long-distance
via the olfactory system or the enteric nervous system in the gastrointenstinal tract by axonal transport.
However, experimentally, the hypothesis has not been tested. Here we have performed a series of in
vitro and in vivo experiments by injecting human a-synuclein and its aggregates in the sites of far away
from a specific brain region or virally transduced human a-synuclein. We observed that human a-
synuclein and its aggregating species can indeed transported long -distance. Further studies are on-
going to dissect the underlying mechanisms of the transport.
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LRRK2 interacts with a-synuclein and tau and is present
iIn Lewy bodies in Parkinson’s disease

Patricia Silva Guerreiro!, Yue Huangz, Glenda HaIIiday2, Tiago Outeiro™:3

Cell and Molecular Neuroscience Unit, Instituto de Medicina Molecular, Lisboa, Portugal. 1

Neuroscience Research Australia, Sydney, and The University of New South Wales, Sydney, Australia?
Department of NeuroDegeneration and Restorative Research, University Medizin Goettingen, Waldweg 33, 37073 Goettingen,

Germany3

Leucine-rich repeat kinase 2 (LRRK2) mutations are the most common cause of inherited forms of
Parkinson’s disease (PD). The clinical features of PD cases associated with LRRK2 mutations are
indistinguishable from idiopathic cases, with late onset and the accumulation of a-synuclein and/or Tau
protein inclusions in the remaining neurons.

Here, we show that in PD brain tissue, the levels of LRRK2 are positively related to the increase in a-
synuclein phosphorylation and aggregation in affected brain regions (amygdala and anterior cingulate
cortex), but not in the unaffected visual cortex. In disease -affected regions, we show co-localization of
these two proteins in neurons and Lewy bodies. Further in vitro experiments show a molecular interaction
between wild-type a-synuclein and wild type LRRK2 under endogenous and over-expression conditions.
Ina cell culture model of Lewy body formation, LRRK2 was also co -localized with a-synuclein
aggregates, and knocking down LRRK2 altered the aggregation pattern of a-synuclein. We also explore
the interaction between LRRK2 and

a-synuclein or Tau using bimolecular fluorescence complementation assays (BiFC).

Our results highlight the interaction between these proteins and shed light into the complex relationship
between these proteins in the context of PD.
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How changes in cortical crosstalk relate to differences
In multisensory perception

Toemme Noesselt'

10tto-von-Guericke-Universitat, Institute of Biological Psychology, Universitatsplatz 1, 39106 Magdeburg, Germany

Events in the environment often stimulate more than one sense; thus integrating information across
sensory inputs may improve the reliability of our representations of the environment. Previous imaging
studies have highlighted numerous regions involved in multisensory integration, including the superior
colliculi, multisensory cortical convergence zones, but also sensory-specific cortex and even sensory
thalamus such as the lateral and medial geniculate (see e.g. Driver & Noesselt, 2008, for review). In this
talk | will present results froma series of fMRI -studies, which investigated the neural networks
instrumental in processing of audiovisual coincidence and of audiovisual looming, of sound-induced
boosts of visual perception, and of touch-induced boosts of auditory perception:

The results of the first fMRI -study on audiovisual coincidence (Noesselt et al., 2007) indicate that a
network of primary visual and auditory cortex plus the multisensory superior temporal sulcus (STS) are
involved in the processing of audiovisual coincidence (relative to non-coincidence). Network-analyses
(psychophysiological interactions and directed information transfer) suggest a higher information flow
from STS to unisensory cortex, than vice versa. This accords with the notion of feedback modulation
during audiovisual coincidence processing.

However, using fMRI and audiovisual looming and receding stimuli, with overall identical temporal
information, we found that the network of primary visual and auditory cortex plus the STS is selectively
modulated for looming relative to receding stimuli (Tyll et al., 2012). This pattern of results suggests that
this unisensory-STS network is not only involved in coincidence processing, but rather indexes
behavioral relevance.

In a third fMRI-experiment we investigated whether a task-irrelevant sound may enhance detection of
near-threshold visual stimuli and its neural basis (Noesselt et al., 2010). Here, we found enhanced fMRI-
signals in low -level visual and auditory cortex plus the STS which scaled with subjects’ behavioral
performance. Moreover, auditory and visual thalamus were also modulated. A PPIl-analysis further
indicated that auditory and visual thalamus were both effectively connected with lateral occipital areas
and the STS and that the connection strength scaled with subject -specific behavioral performance.
Further, preliminary EEG-results point to early integration effects in accord with integration at the level of
the thalamus.

In a fourth fMRI-experiment we investigated audiotactile interplay instead (Hoéfer et al., under review).
Task-irrelevant tactile stimuli enhanced auditory perception and enhanced fMRI-signals in low-level
auditory and tactile cortex plus the STS. A PPI-network analysis again found enhanced connectivity
between primary auditory cortex with STS and tactile regions. Connection strength scaled with subjects’
behavioral performance.

Together, the results from our experiments indicate that the brain uses a network of unisensory and
multisensory cortical areas (and sometimes the thalamus) to integrate information across senses.
Importanly, the strength of these network connections (as measured with PPI) appears to be a valid
predictor of subject-specific multisensory behavioral benefits.
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Spatial selectivity of cortical rhythms

Verena Nadine Buchholz!, Ole Jensen!, W.Pieter Medendorp1

"Radboud University, Donders Institute for Brain, Cognition and Behaviour, Cognitive Psychology, Montessorilaan 3, 6525HR
Nijmegen, Netherlands

Multisensory processing, sensorimotor integration and multimodal attention require spatial processing
across different formats, as each modality has its natural reference frame. Visual input is encoded relative
to the eyes, auditory input relative to the head and touch relative to the body. Oscillatory activity has
been shown to support sensory and motor processes in specific frequency bands, but their reference
frames have never been investigated. Using magnetoencephalography, we identified reference frames in
oscillatory activity across the fronto-parietal network in the alpha (8-12 Hz), beta (16-32 Hz) and gamma
band (>30 Hz) during sensorimotor tasks involving eye- and hand-movement to tactile stimuli. Gamma
and alpha band activity reflected amplification in body- and eye-centered reference frames, depending on
their cortical origin. In contrast, beta band activity showed body-centered (somatotopic) selectivity across
the fronto-parietal network, including areas that showed eye-centered selectivity in other bands.
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Visual-somatosensory interaction for perception and
action

Katja Fiehler'

1Justus-Liebig-Universitéit Gielden, Experimental Psychology, Otto-Behaghel-Str. 10 F, 35394 Gielien, Germany

Visual perception and action are supposed to be implemented in two distinct cortical pathways. The
dorsal pathway projects from primary visual areas to the posterior parietal cortex and processes visual
information for space perception and movement guidance. The ventral pathway connects primary visual
areas with the inferior temporal cortex and is central for object recognition. In everyday life, information
from multiple senses such as vision, touch or audition usually contributes to both perception and action.
As a consequence, the respective brain areas need to process and integrate input from multiple senses
arising in different reference frames. In the talk, | will present studies where we aimed to (a) extend
dorsal pathway functions to the somatosensory modality, (b) examine cross-modal (visual-
somatosensory) recruitment of brain areas, and (c) test for optimal integration of visual and
somatosensory information.

Using functional magnetic resonance imaging (fMRI) we investigated the neural correlates of
somatosensory-guided movements. Participants were asked to perform hand movements on the basis of
tactile and kinesthetic feedback and in the absence of vision. As expected, we found activation in the
primary somatosensory cortex which varied with movement difficulty. In addition, we observed activation
in the posterior parietal cortex, i.e. in brain areas along the dorsal pathway. Similar brain areas have
been observed in previous studies on visually-guided hand movements suggesting a multisensory (at
least visual-somatosensory) network of action control. In order to control for the possible confound that
the observed dorsal stream areas were activated as a result of visual imagery of the corresponding hand
movement we applied the same task in a group of congenitally blind people. Here, we found a similar
activation pattern comprising areas along the dorsal stream. Our findings are consistent with the
neuronal properties of the posterior parietal cortex which receives and integrates input from multiple
sensory cortices and thus multiple reference frames.

The multisensory nature of the dorsal pathway may also allow for cross-modal information processing. In
an fMRI study, we applied a visual-somatosensory delayed-matching-to-sample task where information
was encoded in one modality and later compared with information from the other modality. In line with
our previous findings, dorsal pathway structures seem to be significantly involved in the interplay of
different senses for action and perception.

Electrophysiological studies in monkeys further suggest that when visual and somatosensory movement
information is simultaneously available they are integrated in a statistical optimal way. In psychophysical
experiments, we tested in humans whether the integration of visual and somatosensory path trajectories
follow the Maximum -Likelihood-Estimation (MLE) model. Our results suggest that optimal integration of
visual and somatosensory signals is task-dependent and only applies in some conditions.
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Predictive mechanisms and oscillatory organization: the
case of audio-visual speech processing

Luc H. Arnal’

"New York University, Department of Psycholgy, 6 washington Place, room 275, 10003 New York, USA

Current theories of perception suggest that we continuously update an internal model of the world to infer
the probable causes of sensory events. In face-to-face speech, our brain exploits the contingencies
between speech sounds and their visible causes, i.e., orofacial movements, to predict our interlocutor’s
discourse. As mouth movements are typically formed before our vocal tract emits speech sounds,
speech predictions can be generated on the sole basis of visual cues, and tested against the auditory
input. In this presentation, | will argue that distinct oscillatory patterns reflect the utilization of visually
based priors to optimize speech recognition and the revision of internal models if visual priors are
misleading. | will further discuss how direct visuo-auditory connections contribute to predicting speech.
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Touch localization under coordinate conflict

Stephanie Badde', Tobias Heed', Brigitte Roder’

1University of Hamburg, Biological Psychology and Neuropsychology, Von-Melle-Park 11, 20146 Hamburg, Germany

The location of a touch is initially encoded in anatomical coordinates. However, to integrate touch and
visual information, touch has to be coded in an external-spatial reference frame.

An often used manipulation to investigate tactile remapping is hand crossing. In this posture, the right
hand (anatomical coordinates) is located in the left hemispace (external coordinates). Consequently, the
anatomical and external spatial coordinates of tactile stimuli applied to the hands are in conflict. Indeed,
the ability to correctly report the temporal order of two successive tactile stimuli, one applied to each
hand, is markedly reduced with crossed compared to uncrossed hands (Yamamoto & Kitazawa, 2001,
Shore, Spry, & Spence, 2002, Rdder, Rosler, & Spence, 2004).

However, the general validity of limb crossing as a measure of tactile remapping has been questioned
because remapping might require additional processes to transfer information between the hemispheres
(Azafidn, Longo, Soto-Faraco, & Haggard, 2010). Similarly, it has been doubted, whether crossing effects
generalize to tasks involving only one touch (Shore et al., 2002).

To address these issues, we investigated crossing effects in a series of four experiments conducted in
the same participants. We found a crossing effect in the localization of a single touch, but not when these
touches had to be detected rather than localized, which excludes a motor account for crossing effects.
Next, we increased perceptual load by adding a second, irrelevant tactile stimulus in the localization task.
A larger crossing effect than in the localization of one stimulus emerged. Finally, when TOJ were
performed, the largest crossing effect was found, demonstrating an influence of task instructions on the
crossing effect. A correlation analysis confirmed that all three crossing effects were significantly.

On the one hand, the present results are in agreement with the claim that remapping is automatic
(Kitazawa, 2002, Azafién, Camacho, & Soto -Faraco, 2010). On the other hand different degrees of
crossing effects across experiments suggests top-down modulations of the same.

We propose a hierarchical probabilistic model of touch localization under coordinate conflict which can
account for this contradiction. In this model, the probability to localize a touch to the right (left) hand is
determined by its independently weighted anatomical and external coordinates. In contrast to popular
accounts of the crossing effect in TOJ (Yamamoto & Kitazawa, 2001, Kitazawa, 2002), remapped
coordinates are assumed to be unambiguous. The model was able to accommodate data from our three
experiments. Regression analyses showed that individual differences in crossing effects were
determined by both frames of reference. Furthermore, comparison of a model with fixed parameters
across postures with a model, which assumed different processing in the uncrossed and crossed
postures, suggested that the integration of the two reference frames is independent of posture. This
result emphasizes that crossing effects reflect coordinate conflict in the crossed positions rather than
higher remapping effort due to the unusual posture. Finally, the model accounted for the modulation of
the crossing effect by adjusting the weights of the anatomical and external coordinates. This result
suggests that top-down influences are exerted on the different reference frames for tactile localization
rather than on the remapping process itself.
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Disentangling cross-modal top-down predictive control
by actively manipulating arbitrarily learned associations

Abhilash Dwarakanath?, Christoph Kayser?

"Max-Planck-Institut fiir Biologische Kybernetik, Tubingen, Germany

2Dept. of Psychology, University of Glasgow, Glasgow, UK

Various studies have characterised the brain as an efficient coding system, thereby describing sensory
processing as being optimised to the incoming statistics of natural stimuli. A key framework in this
respect is that of predictive coding, which asserts that the brain actively predicts an upcoming sensory
stimulus via top-down control mechanisms rather than passively registering it. This top-down control
involves the propagation of a prediction to the primary sensory area where the error signal between the
prediction and the incoming stimulus is calculated and propagated to higher areas for refinement of the
prediction. Accurate predictions hence lead to a decrease in activity in early sensory areas, a presumed
signature of predictive coding which several studies used to confirm the theory. However many studies
used high level stimuli such as speech, for which subjects have strong and innate priors and which come
with potentially confounding contextual variables and changes in attention.

To account for such confounding effects in tests of predictive coding, we designed non-contextual priors
consisting of arbitrary associations of random perceptual features. We used visual stimuli consisting of
Gabor patches of six orientations (from 0° to 165°) paired with pseudo-natural acoustic soundscapes
created by filtering a natural sound in six frequency bands (128 Hz to 8192 Hz, logarithmic steps). For
each subject one orientation was randomly associated with one frequency band, and the subject was
exposed to short presentations (1.5s) of these pairs for 15min.

Subsequently we tested the impact of this learned predictive association on stimulus recognition in
supra-, subliminal and occluded conditions using a 2AFC task. Stimuli were rendered subliminal using
each subjects contrast detection threshold and occluded stimuli were masked to 50% by white pixel
noise. During the test phase we presented stimuli both as pairs by preserving the previous pairing
(control phase) and by pairing sounds with different orientations in order to see whether the acoustic
predictor changes the perceived orientation. Responses were analysed by calculating bias and d’ for
each trial type and a shift in the 50% response bias was taken as evidence for a predictive effect on
perceptual decisions.

The important finding is that in the test condition we found a shift of the bias towards the orientation
predicted by the sound in subliminal, catch and occluded trials. Our results hence provide evidence for
predictive coding and top-down biasing in the context of arbitrary audio-visual associations.
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What axons tell each other: axon-axon signaling during
peripheral nerve and circuit assembly.

Jorge Leon Morales-Quezada 12

1Developmental Neurobiology Laboratory, European Neuroscience Institute — Goéttingen

Peripheral nerves (PNs) comprise neural pathways facilitating efferent control over movement apparatus
and organ function and afferent pathways underlying somatosensation. Developmental or regenerative
assembly of PNs entails orderly integration of these pathways within common nerve trajectories, and
provides an accessible model for studying organizing principles that accommodate vast arrays of axon
types into the white matter tracks of the CNS. Misalignment of axon types can lead to catastrophic
intermingling of functionally disparate pathways, underlying conditions including neuropathic pain.
Despite the central importance for the parallel establishment of neuromuscular, somatosensory and
sympathetic circuitries, the coordinating principles that integrate different axon types into tightly aligned
yet functionally segregated PN pathways remain poorly understood. My group investigates dynamic
processes driving trans-axon interactions, and their contribution to the developmental and regenerative
assembly of PNs and their corresponding circuitries at the anatomical and functional level through
targeted gene and cell-lineage manipulation, electrophysiology and live-cell microscopy.

PN assembly has long been thought to involve the establishment of an initial pattern of peripheral
trajectories by motor efferent axons (MEs) providing a scaffold for later-extending axon types. We could
recently provide a mechanistic basis for some of these ideas by showing that in mouse sensory afferent
axons (SAs) supplying the dorsal trunk are directed by molecular labels on pre-extending MEs. Other
recent data on mouse limb innervation, however, support a cooperative model according to which mutual
interactions between MEs and SAs only to a minimal degree shape PN trajectories. Studies based on
surgical manipulations in frog and chick embryos previously arrived at yet different conclusions,
proposing that normal establishment of limb SA tracks can be entirely dissociated from ME extension.
Consolidating these conflicting lines of evidence remains difficult because differences in animal models,
methodologies and positional identities of the PN segments studied currently preclude their direct
comparison.

We sought to resolve these issues by systematically investigating the relationships between molecularly
identified peripheral axon types in three phylogenetically distinct vertebrate models: zebrafish (D. rerio),
chick (G. gallus domesticus) and mouse (M. musculus). Using genetic modeling in all three species we
obtained evidence in support of a conserved hierarchy of axon type interactions that invariably governs
ontogenetic PN assembly, and which recapitulates the successive phylogenetic emergence of peripheral
circuits in vertebrates. These interactions involve a hierarchical and selective set of interactions between
MEs, SAs and sympathetic efferent axons (SEs), which further provide a lead for exploring trans-axonal
signaling mechanisms underlying developmental segregation of SEs from SA pathways, and the failure
of these mechanisms in peripheral neuropathic pain conditions.
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microRNA-9 promotes the switch from early-born to
late-born motor neuron populations by regulating
Onecut transcription factor expression

Andrea B Huber Brosamle’

Tinstitute of Developmental Genetics, Helmholtz Zentrum Miinchen — German Research Center for Environmental Health,
Ingolstaedter Landstr. 1, 85764 Neuherberg, Germany

Motor neurons in the vertebrate spinal cord are stereotypically organized along the rostro-caudal axis in
discrete columns that specifically innervate various peripheral muscle domains. Originating from the
same progenitor domain, the generation of spinal motor neurons is orchestrated by a spatially and
temporally tightly regulated set of secreted molecules and transcription factors such as retinoic acid and
the Lim homeodomain transcription factors Isl1 and Lhx1. However, the molecular interactions between
these factors remained unclear. In this study we examined the role of the microRNA 9 (miR-9) in the
specification of spinal motor neurons and identified Onecut1 (OC1) as one of its targets. miR-9 and OC1
are expressed in mutually exclusive patterns in the developing chick spinal cord, with high OC1
expression in early-born motor neurons and high miR-9 expression in late-born motor neurons. miR-9
efficiently represses OC1 translation in vitro and in vivo. A gain of miR-9 function leads to an increase in
late-born neurons, while miR -9 loss -of-function induces additional OC1 -positive motor neurons that
display a transcriptional profile typical of early-born neurons. These results demonstrate that regulation of
OC1 by miR-9 is a crucial step in the specification of spinal motor neurons and support a model in which
retinoids secreted from early -born LMCm neurons induce miR -9 expression in prospective LMCI
neurons, which through inhibition of OC1 downregulates Isl1 expression. In conclusion, our study
contributes essential factors to the molecular network specifying spinal motor neurons and emphasizes
the importance of microRNAs as key players in the generation of neuronal diversity.
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Molecular control of cortico-cortical axonal navigation.

Victor Tarabykin1

1Charité - Universitatsmedizin Berlin, CCO - Institut fur Zell- und Neurobiologie, Berlin, Germany

The neocortex, designated as the seat of our highest cognitive abilities, relies largely on the appropriate
connections of cortical neurons with other brain regions, including the neocortex itself. One of the major
axonal tracks that interconnect the two cerebral hemispheres is the corpus callosum. Malformations of
the corpus callosum in humans occur in over 50 congenital syndromes that are associated with a wide
spectrum of deficits. Callosal projection neurons are critical for bilateral transfer and integration of cortical
information and have been implicated in autism spectrum disorders. Absence or surgical disruption of
corpus callosum in humans is also associated with deficits in abstract reasoning and problem solving.

Recently we identified Satb2, Sip1 and NeuroD transcription factors as major players in corpus callosum
development. Molecular pathways controlling cortico -cortical axon navigation downstream of these
factors will be discussed.
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Wnt/calcium signaling mediates cortical axon growth
and guidance

Katherine Kalil’

1University of Wisconsin-Madison, Department of Neuroscience, 1300 University Ave., 53706 Madison, Wisconsin, USA

Wnts are morphogens that can function as axon guidance cues. In vivo Wnt5a gradients via Ryk
receptors repel cortical axons into developing callosal and corticospinal pathways. In cortical cultures, we
found that Wnt5a increased axon outgrowth. In turning assays, Wnt5a gradients simultaneously
increased axon outgrowth and induced repulsive turning, a mechanism for propelling cortical axons in
vivo. Axon outgrowth is mediated by Ryk, whereas axon repulsion requires both Ryk and Frizzled
receptors. Both receptors mediate Wnt-evoked fluctuations in intracellular calcium, required for increased
axon outgrowth and repulsion by Wnt5a. However, whereas increased axon outgrowth involves calcium
release from stores through IP3 receptors as well as calcium influx through TRP channels, axon
repulsion is mediated by TRP channels. These results reveal distinct signaling mechanisms underlying
Whntb5a-induced axon outgrowth and repulsive guidance. Does calcium signaling play a role in the growth
and guidance of cortical axons in vivo? To investigate this question, we used a cortical slice model in
which cortical neurons were transfected with a calcium biosensor to image calcium activity in growing
corpus callosal axons. Measurements of calcium activity showed that higher frequencies of calcium
transients were associated with faster rates of outgrowth. Wnt5a gradients surround the corpus callosum
in vivo. Therefore, we asked whether Wnt/calcium signaling mechanisms regulate the growth and
guidance of callosal axons. Pharmacological approaches in cortical slices showed that signaling
pathways involving calcium release through IP3 receptors and calcium entry through TRP channels
regulate post -crossing callosal axon outgrowth and guidance. CaMKIl is also an important signaling
component in the Wnt/calcium pathway since inhibiting CaMKIl reduced axon outgrowth and caused
guidance errors in the corpus callosum. Remarkably, knockdown of the Wnt receptor Ryk reduced rates
of callosal axon outgrowth and caused guidance errors by attenuating calcium signaling, revealing the
importance of Wnt/calcium signaling in vivo. What cytoskeletal mechanisms underlie the growth and
guidance effects of Wnt5a? To examine the role of microtubule (MT) reorganization and dynamics we
transfected dissociated cortical neurons with EGFP-EB3 to label dynamic MTs. Live cell imaging with
TIRF microscopy revealed that Wnt5a increased axon outgrowth by reorientation of dynamic MTs in the
direction of axon extension and Wnt5a gradients induced asymmetric redistribution of dynamic MTs
toward the far side of the growth cone. Wnt5a gradients also evoked calcium transients that were highest
on the far side of the growth cone. To explore a possible relationship between calcium signaling and the
reorganization of dynamic MTs we examined the role of tau, a MT associated protein (MAP). Tau is
phosphorylated by CaMKII, which is downstream of calcium signaling and is required for Wnt5a induced
axon outgrowth and repulsion. Phosphorylation of tau at its Ser262 binding site detaches tau from MTs to
increase their dynamics. Using transfection of cortical neurons with tau constructs mutated at Ser262, we
found that the Ser262 site is required for the growth and guidance effects of Wnt5a by mediating
reorganization of dynamic MTs in cortical growth cones. Taken together, these results link Wnt/calcium
signaling and MT reorganization in the regulation of cortical axon growth and guidance by Wnt5a.
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Connecting left and right brain: the role of Semaphorins
in midline axon guidance.

Fanny Mann'

TCNRS, IBDML UMR 7288, Campus de Luminy, 13288 Marseille cedex 09, France

The mammalian brain consists of two hemispheres which communicate with each other through nerve
fiber bundles, called commissures. Understanding how commissures develop is an important clinical
problem. First, commissural agenesis is a relatively common and often disabling brain malformation. In
addition, a higher prevalence of commissural anomalies in the psychiatric population suggests a link
between interhemispheric dysconnection and some clinical manifestations associated with these
disorders. While the causes of commissural agenesis remain to be elucidated, analysis of residual
connectivity in patients revealed aberrant axonal projections at the brain midline. Our team has shown
the importance of the guidance signals Semaphorins in the establishment of axon bundles of the brain
midline (Chauvet et al., Neuron, 2007; Niquille et al., PLOS Biology, 2009; Bellon et al., Neuron, 2010).
The action of Semaphorins occurs via binding to surface receptors on axons, which activate intracellular
signaling pathways modulating the axonal cytoskeleton. Our work has shown that VEGFR-2, a receptor
involved in the development of the vascular system, is part of a multimeric receptor complex that
specifies axon guidance responses to Semaphorins. Recently, membrane trafficking of guidance
receptors has emerged as a key regulator of axonal development. However, the fate of internalized
receptors, the molecular mechanisms of their intracellular trafficking and the importance of these
phenomena for in vivo development remain largely misunderstood. We are currently addressing these
questions by studying the role of Synectin, a protein regulating vesicular transport and sorting, in the
control of Semaphorin signaling and fasciculation of commissural axons.
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ROLE OF SIP1 IN ORCHESTRATING NEOCORTICAL
CONNECTIVITY

Swathi Srivatsa®, Srinivas Parthasarathy'-2, Anjana Nityanandam?, Zoltan Molnar?,
Victor Tarabykin1

"nstitute for Cell and Neurobiology, Charité, Cortical Development Group, Berlin, Germany
2Max Plank Institute for Experimental Medicine, Géttingen, Germany (IMPRS- Neuroscience)
3Dept. of Cell Biology, Dorris Neuroscience. Centre, The Scripps Res. Inst., La Jolla, CA,;
4Dept. for Physiology, Anat. and Genetics, Univ. of Oxford, Oxford, United Kingdom

The immense cognitive ability that the neocortex confers on higher primates, to a large extentis
dependent on the appropriate development of neocortical connections. Cortical connections form a very
complex but a very well defined network in the CNS following predefined pathways which become
important conduits for the passage of information. The formation of these functional circuits in turn
depends upon many regulatory molecules, which act as master orchestrator, helping axons find their
right target. Here, we report that Smad-interacting-protein-1 (Sip1), a cortical postmitotic transcriptional
repressor is essential for the appropriate establishment of neocortical connectivity.

In the absence of Sip1 many of the white matter tracts within the brain are severely affected. In this study
we have shown that Sip1 mutants lack a corpus callosum, forming probst bundles instead and an
anterior commissure. Interestingly the hippocampal commisure remains unaffected. While cortico-
thalamic connections are largely intact, cortico-subcerebral projections seem to degenerate during early
postnatal stages. We have further looked at the role of Sip1 in the organization of midline guidance
structures like the glial sling and the midline neuronal population of the corpus callosum, which in turn
could be responsible for the inability of callosal fibers to cross the midline in the Sip1 mutant.
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Microglial responder subsets upon TLR challenges

Uwe-Karsten Hanisch'

1Universi’[y of Géttingen, Institute of Neuropathology, Robert-Koch-Strafl3e 40, 37075 Goéttingen, Germany

Toll-like receptors (TLRs) enable microglia to sense and to respond to infection and damage. Yet it is
unknown whether all cells of an affected population would upregulate the same repertoire of cell surface
receptors or synthesize an identical set of soluble messengers—or whether subsets of responding cells
would differ by specific contributions to the reactive phenotype. We found that murine microglia
reorganize their TLR systems during postnatal development. For TLR4, this process comes with an
increased agonist discrimination and a maturation of inducible functions. While induction of MHCI
molecules for antigen presentation remains a virtually pan-populational response feature synthesis of
TNFa becomes restricted to a microglial subset. Responder subsets were identified ex vivo, in situ and in
vivo—notably also within circumscribed regions of the adult mouse as well as in the human CNS.
Microglial response heterogeneity is thereby not limited to TNFa production or to challenges of TLRs.
Production of other proinflammatory factors, induction of MHCII expression or the clearance of myelin in
physiological and pathophysiological contexts rely on dissimilar contributions of apparently specialized
cells. We conclude that microglia do not comprise a uniform cell type throughout the CNS and that even
neighbouring cells could vary by constitutive and recruited capacities. Privileged production of critical
mediators, such as TNFa, could enable a ‘master’ subtype of microglia to govern TNFa receptor-
expressing cells. Clearance of endogenous material, such as of myelin, could be performed in microglia
that do not carry much antigen presentation potential, as to the upregulation of MHCII, in order to
sequester incompatible activities. Such an organization in exclusive cellular compartments could thus be
a principle of task splitting and hierarchical control as well as a measure to avoid collision of functions.
Specialization appears to apply to both house-keeping duties as well as to responses in emergency
situations and could underlie the assembly of reactive phenotypes during CNS infection, tissue injury and
rebuilding, warranting consideration in experimental manipulation and therapeutic strategies.
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Synaptic pruning by microglia: sculpting brain
connectivity

Rosa Chiara Paolicelli’, Yang Zhan?, Giulia Bolasco?, Francesca Pagani3, Laura
Maggi3, Maria Scianni?, Tiago Ferreira, Eva Guiducci?, Laura Dumas?, Patrizia
Panzanelli4, Maurizio Giustetto4, Davide Ragozzino3, Cornelius T Gross?

1Univers.ity of Zurich, Division of Psychiatry Research, August Forel-Strasse 1, 8008 Zurich, Switzerland

2Mouse Biology Unit, European Molecular Biology Laboratory
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Microglia are non -neuronal, phagocytic cells that infiltrate the brain during development and play an
important surveillance and scavenging function. An established literature has documented how these
immune cells of the brain promptly move toward the site of damage, engulf cellular debris, and rapidly
act to resolve injuries in a pathological context. However, less work has been aimed at understanding
their role in the uninjured, developing brain and their contribution to synaptic remodelling. Emerging data
are now revealing how microglia, by actively engulfing synaptic material during the early postnatal period,
play a major role in synaptic pruning and are necessary for a proper refinement of neural circuits. Mice
lacking the chemokine receptor Cx3cr1 show a transient reduction in microglia in the hippocampus
during the early postnatal weeks and exhibit an excess of weak excitatory synapses, as a consequence
of deficit in synaptic pruning. Interestingly, transient defects in synaptic connectivity are associated with
long-term behavioural impairments in social interaction, and increased repetitive behaviour, hallmarks of
autism spectrum disorders. These findings provide evidence for a critical role of microglia in long lasting
sculpting of brain connectivity, and support the hypothesis that deficits in microglia-mediated synaptic
pruning may contribute to some structural and behavioural features of autism.
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Age-specific heterogeneity in microglial regulation of
synaptic maturation and maintenance

Monica Carson’

1University of California Riverside, Division of Biomedical Sciences, School of Medicine, 1274 Webber Hall, 92521 Riverside,
USA

Infancy and early childhood are periods characterized by recurring bouts of systemic inflammation in part
due to first exposures to pathogens in the home, day care and school. Overt neurologic consequences
are not observed in the vast majority of individuals. However, epidemiological studies suggest linkages
exist between the onset and/or exacerbation of neurodevelopmental neurologic disorders and various
pre-, neo - and post -natal inflammatory events. As yet, little is known about the consequences and
developmental regulation of CNS responses to common systemic inflammatory events or their potential
for dysregulation by environmental factors. Here, using flow cytometric and immunohistochemical
methodologies, we characterize CNS -resident microglia and CNS -infiltrating macrophage activation
states in response to systemic immune challenge during critical post-natal periods of brain development
and hippocampal synaptogenesis. In brief, we find that that glia and macrophages not only regulate
synaptic maturation during normal development but also in response to routine inflammatory insults. Here
we link developmental heterogeneity of microglial phenotype with regional regulation of synaptic
maturation. For example, using overexpression and knock-out approaches, we specifically find that
TREM2 dependent microglial functions modulate the ratio of excitatory to inhibitory synapses in response
to bouts of systemic inflammation as well as during normal unmanipulated CNS development. However,
TREM2-dependent regulation is restricted to specific developmental windows. Taken together, our data
define a developmentally regulated baseline of CNS-intrinsic neuroprotective responses to inflammatory
signals that not only modulate synaptic maturation but that that have the potential to be disrupted by
environmental, pathogenic or genetic factors.
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Regional heterogeneity of microglia and microglial
responses

Knut Biber

1University Freiburg, Department of Psychiatry and Psychotherapy, Hauptstr.5, 79104 Freiburg, Germany

The brain is regionally highly organized, meaning that specific functions are assigned to particular brain
regions or even to particular neuronal subtypes. This regional high specificity of neurons may also be
reflected by the well known different sensitivity of neuronal subtypes towards harmful events. As a most
likely consequence brain diseases show considerable specificity, mostly affecting single regions and
specific cell types only.

Despite the well -known importance of microglia in brain diseases, research has yet pre-dominantly
focused on differences in neurons to understand the vulnerability of certain brain areas in disease. Given
the importance of neuronal signals for the control of microglia and the diversity of neurons in various
brain regions, we compared acutely isolated microglia from different adult mouse brain regions by flow
cytometry, RNA expression analysis and functional tests. The purity of our microglia preparations was
higher than 95% based on CD11b high CD45 low staining. Microglia from different regions showed
significant, region-specific differences in expression levels of various markers, thus corroborating the
concept of distinct microglia phenotypes in the non-inflamed brain.

Regional microglia responses were analysed in organotypic hippocampal slice cultures (OHSC) in which
the principal neuronal subtypes (CA1, CA3 and DG neurons) show considerable different sensitivities
towards NMDA -induced excitotoxicity. It is presented here that microglia responses very well have
region specific influences on the survival of CA versus DG neurons in the OHSC. Whether or not these
differences can be attributed to different microglia subtypes, or whether the particular neuronal
populations respond differently to microglia remains to be established.
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Microglia/macrophage — glioma interaction

Susanne A. Wolf, Katyayni Vinnakotal, Feng Hu', Min-Chi Ku', Helmut Kettenmann'

"Max-Dellbriick-Center, Cellular Neuroscience, Robert-Rossle-Str. 10, 13125 Berlin, Germany

High-grade gliomas are the most common primary brain tumors. One process that closely correlates with
malignancy and poor clinical prognosis is the accumulation of microglia/macrophages in and around the
tumor. It is important to note that glioma tissue samples can contain up to 30% microglia/macrophages.
Our group has previously established that glioma cells convert microglia/brain macrophages into a
distinct phenotype with pro-tumorigenic properties and this signaling was mediated by soluble factor(s).
When screening the Rembrandt (Repository for Molecular Brain Neoplasia Data) database, we found
that Toll-like receptor 2 (TLR2) gene expression was highly up-regulated in human glioma tissue and the
upregulation correlated with shorter survival. In the brain TLR2 is predominantly expressed by glia cells.
In vivo implantation of mouse GL261 glioma cells into TLR2 knock -out mice resulted in significantly
smaller tumors, and enhanced survival rates as compared to wild-type control mice indicating the
involvement of microglia rather than glioma cells in TLR2-mediated signaling. Indeed, TLR2 controls up-
regulation of membrane -type 1 matrix metalloprotease (MT1 -MMP) in microglia. This was further
confirmed by studying glioma expansion in organotypic brain slices which was dependent both on the
involvement of TLR2 and the presence of microglia. The up -regulation of MT1- MMP expression by
glioma conditioned medium was mimicked by TLR2-specific ligands in microglia from wild-type mice but
not in microglia from TLR2-deficient mice. A less pronounced, yet significant effect of glioma conditioned
medium-induced MT1-MMP expression was also observed in microglia from TLR1 and TLR6-deficient
mice which are known as heterodimeric partners of TLR2. In Toll-like receptor 7 and 9 knock-out mice,
glioma conditioned medium- induced MT1-MMP expression in microglia was not affected. Our results
thus show that TLR2/1 and TLR2/6 are an essential part of the signaling cascade by which glioma cells
convert microglia into a pro-tumorigenic phenotype.

To find factors which mediate the attraction of microglia to gliomas, we established a cell encapsulation
model. Mouse GL261 and human glioma cells were seeded into hollow fibers (HF) that allow the
passage of soluble molecules but not cells. We identified GDNF as an important factor for microglial
attraction towards the tumor. Reduced GDNF production by siRNA in GL261 mouse glioma cells
diminished attraction of microglia while over-expression of GDNF in fibroblasts promoted microglia
attraction in our HF assay. In vitro migration assays also showed that GDNF is a strong chemoattractant
for microglia. Finally, we could show that GDNF knockdown by shRNA in mouse glioma cells reduced
tumor expansion and improved survival in an experimental mouse tumor model. These data indicate that
glioma associated microglia/macrophages are a potential target for novel therapeutic strategies.
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Optochemical Genetics

Dirk Trauner’

1Ludwig-Maximilians-Université\t Minchen (University of Munich), Department of Chemistry, Butenandtstr. 5-9, 81377 Munich,
Germany

Transmembrane receptors allow a cell to communicate with its environment in response to a variety of
input signals. These can be changes in the concentration of ligands (e.g. hormones or
neurotransmitters), temperature, pressure (e.g. via acoustic waves or touch), transmembrane potential,
or light intensity. Many important receptors have now been characterized in atomic detail and our
understanding of their functional properties has markedly increased in recent years. As a consequence,
these sophisticated molecular machines can be reprogrammed to respond to unnatural input signals.
Arguably, the most useful of these signals is light. | will show how ligand-gated ion channels, G-protein
coupled receptors, as well as voltage -gated ion channels, can be manipulated with synthetic
photoswitches to become light-sensitive. The resulting hybrid photoreceptors can be used to optically
control neurons with very high precision. They have been used to dissect neural networks and might find
applications in the restoration of vision and the control of other sensations (such as pain). This
combination of synthetic photoswitches and receptor proteins augments the field of Optogenetics and
adds a new functional dimension to Chemical Genetics. As such, we propose to call it “Optochemical
Genetics”.



Gottingen Meeting of the German Neuroscience Society 2013 818'2

Parallel recording of ligand binding and ion channel
activation using confocal patch-clamp fluorometry

Jana Kusch', Vasilica Nache', Susanne Thon', Eckhard Schulz?, Christoph Biskup3,
Thomas Zimmer', Klaus Benndorf’

1Universitatsklinikum Jena, Institut far Physiologie I, Kollegiengasse 9, 07743 Jena, Germany

2Fachhochschule Schmalkalden, Fakultat Elektrotechnik, Blechhammer, 98574 Schmalkalden,
Germany

3Universitatsklinikum Jena, AG Biomolekulare Photonik, Nonnenplan 4, 07743 Jena, Germany

Ligand-gated ion channels are essential components of electrical signaling in neurons, playing an
important role, for example, in mediating synaptic and receptor potentials. Ligand binding causes channel
gating, conformational changes in the channel protein leading to the opening of a pore, and thus ion
fluxes into or out of the cell. Ligand binding and activation gating interdepend on each otherin a
reciprocal fashion: ligand binding promotes activation gating and activation gating promotes ligand
binding (2).

To shed light on this intrinsic relation in a ligand-gated ion channel, parallel monitoring of ligand binding
and channel gating is required. Therefore we developed confocal patch -clamp fluorometry (confocal
PCF), combining electrophysiological patch-clamp techniques and confocal fluorescence microscopy (1).
Using confocal PCF the interdependence of ligand binding and activation gating can be directly explored.
We applied this method successfully to CNG (cyclic-nucleotide gated) channels and HCN
(hyperpolarization-activated and cyclic-nucleotide modulated) pacemaker channels using the
fluorescently labeled derivatives fcGMP (8-DY547-AET-cGMP) (1) and fcAMP (8-DY547-AET-cGMP)
(2), respectively.

We measured mean fluorescence intensities of the channel-bound ligand and ion currents in inside-out
macropatches of Xenopus laevis oocytes under steady -state and non -steady state conditions. Fast
concentrations jumps applied by a piezo-driven double-barreled application system allowed us to monitor
time courses of ligand binding channel activation as well as ligand unbinding and deactivation. By means
of a global fit strategy taking into account multiple simultaneously measured fluorescence and current
data, we proposed Markovian state models for both homotetrameric CNGA2 and HCNZ2 channels
describing their ligand-dependent activation gating.

So far, employing confocal PCF in combination with molecularbiological and mathematical methods led
us to new insights into the gating of CNG and HCN pacemaker channels. Provided that a suitable
fluorescently labeled ligand exists, parallel studying of ligand binding and channel gating is promising to
understand the ligand-induced gating of other ion channels as well.

1. Biskup et al. (2007) Nature 446: 440-3
2. Kusch et al. (2010) Neuron 67: 75-85
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Structural transitions during voltage-dependent
activation of sodium channels

Baron Chanda1, Marcel GoIdschen-Ohm1, Kevin Oelstrom

1Univers.ity of Wisconsin-Madison, Neuroscience, 1300 University Avenue, 53706 Madison, USA

Voltage-gated sodium channels are found in a variety of excitable cells and are crucial for propagation of
electrical impulses. They are optimized for rapid initiation and termination of an action potential both in
function and form. Single point mutations with seemingly minor biophysical effects can result in serious
disease conditions such as epileptic seizures and cardiac arrhythmias. To understand the
pathophysiology of these conditions, it is necessary to address the fundamental questions regarding the
nature of structural transitions that underlie voltage-dependent response of sodium channels. To study
the activation gating process, we have focused on an inactivation -deficient sodium channel mutant.
Rapid inactivation is critical for sodium channel function but it complicates biophysical study of the gating
process because it masks the channel opening events. In this presentation, | will discuss our recent
studies using a combination of voltage-clamp fluorimetry, single-channel analysis and MTS accessibility
studies to characterize the intermediates in the activation pathways. Our single channel and fluorescence
measurements reveal that pore opening in sodium channels, contrary to gating models of potassium
channels, involves multiple transitions and are driven by asynchronous movements of voltage-sensors.
However, MTSET accessibility studies reveal that the activation gate is at the C-terminal end of the S6
segments, similar to Shaker potassium channels. Together, these findings shed new light on the
mechanisms of activation in asymmetric voltage-dependent ion channels.
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STATE-DEPENDENT FRET REPORTS LARGE GATING-
RING MOTIONS IN WHOLE BK CHANNELS AT THE
MEMBRANE

Teresa Giraldez!:2

1University Hospital NS Candelaria Research Unit, 38010 Sta Cruz de Tenerife, Spain
2|nstitute of Biomedical Technologies, University of La Laguna, 38071 La Laguna, Spain

In many neuron types, large conductance voltage- and calcium-dependent potassium channels (BK, hslo
or KCa1.1) provide a mechanism to couple CaZ* signaling to membrane potential. Inherited defects in BK
channels function lead to seizure and epilepsy, indicating that this coupling mechanism is crucial to
regulate neuron excitability in the healthy brain. In fact, the interaction between Ca?* influx and BK
activation is involved in numerous neuronal processes such as repolarization and hyperpolarization
following the action potential (AP), dendritic Ca?* spikes, and neurotransmitter release. A key feature to
BK physiological role is that the channel’s open probability is synergistically activated by transmembrane
voltage and intracellular calcium. The voltage sensor resides within the transmembrane region of the
channel, while Ca2* binding is sensed by a large C-terminal intracellular region, where eight Regulator of

Conductance for K* (RCK) domains form a “gating ring”. Calcium binding to this region reduces the
energy required to open the channel, but the exact mechanism underlying this process is still uncertain.

Structural studies and a biochemical study using isolated gating rings suggest that ca?t binding expands
the gating ring. The large movement of the gating ring would physically pull and open the gate located at
the pore domain. In the present study we investigate the calcium and voltage-dependence of
conformational changes in the intact human BK channel by patch-clamp recordings and simultaneous
measurements of fluorescence energy transfer between CFP and YFP variants of the green fluorescent
protein, inserted into three sites in the BK gating ring. Depending of the site studied, different movements

are detected that differ in their Ca- and V-dependence. Here we show that Ca?* binding produces large
structural changes that are not obligatorily coupled to the opening of the pore.
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Nano-organization of the AMPA receptors inside the
synapse and physiological role

eric hosy1

TCNRS, IINS, 147 rue leo saignat, 33000 Bordeaux, France

The majority of synapses in the central nervous system uses glutamate as a neurotransmitter, and the
strength of synaptic transmission is proportional to the number of glutamate receptors (AMPA type)
present under the synaptic glutamate release site. Many studies have reported modification of AMPA
receptor quantity, organization or composition in response to various physiological stimuli which underlie
synaptic maturation and plasticity, memory, disease, etc. However, available optical tools have not led to
a precise description of the basic organization of receptors due to the limited pointing accuracy of the
optical microscopy. The emergence of super -resolution techniques has broken this limitation barrier,
allowing us to understand the organization of the AMPA receptors, and the variation of mobility as a
function of its localization inside the synapse.

Here we used 3 different super-resolution techniques (STED, PALM and U-PAINT) to study extensively
the organisation and the mobility of AMPAR inside the synapse and we discovered that AMPA receptor
are not randomly distributed inside the synapse or even the PSD, but structured in nanodomains of
about 80nm. Such distribution allows maintaining a high fidelity of the synaptic response. In parallel,
perturbation of one of the main scaffold protein of the PSD, PSD95, affect in the same range the
dynamic organization of AMPAR and the synaptic currents.
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PHOTOINACTIVATION OF GLUTAMATE RECEPTORS
USING A GENETICALLY ENCODED UNNATURAL AMINO
ACID

Viktoria Klippenstein!, Andrew Plested’

TLeibniz-Institut Fir Molekulare Pharmakologie & Neurocure Initiative, Charité, Molecular Neuroscience and Biophysics, TRH,
Robert-Rdssle-Str. 10, 13125 Berlin, Germany

Glutamate receptors (GluRs) are ligand -gated ion channels that mediate fast excitatory synaptic
transmission in the central nervous system. They play a central role in synaptic plasticity and thus are
involved in the basic mechanisms underlying learning and memory.

We have used unnatural amino acid mutagenesis to study conformational changes within the ligand-
binding domain (LBD) during and after activation of the receptor. This method has previously been
shown to be convenient for neuronal studies (Wang et al, 2007 Nat Neuro). It offers the advantages of
high specificity, arbitrary environmental sensitivity of incorporation, and a nearly unlimited variety of
unnatural side chains.

We introduced the genetically-encoded photo-cross-linker p-Benzoyl-Phenylalanine (Bpa) to GluRs
expressed in mammalian cell lines with a view to suppress an amber (TAG) codon introduced to the
lower (D2) lobes of the LBD (S729, G725). These sites have been previously shown to form
intermolecular disulfide cross -links that inhibit the receptor (Armstrong et al, 2006 Cell; Plested and
Mayer, 2009 J. Neurosci). The insertion of Bpa was carried out by an exogenous pair of atRNA and a
tRNA-synthetase (Ye et al, 2008 J Biol Chem). Sensitive electrophysiological rapid perfusion
measurements demonstrated that Bpa-rescued GIuRs are fully functional and can be trapped in inactive
conformational states upon UV irradation, consistent with the previously described findings. GIuR
trapping was indicated by near-complete peak current reduction in less than five seconds cumulative
exposure to UV at 365 nm from a mercury lamp. The cross-linking rate depended on UV intensity and
exposure time. Wild type channels were unaffected by similar UV exposures.

Our results demonstrate that genetically -encoded unnatural amino acids such as Bpa provide an
convenient strategy to control activity of ligand-gated ion channels in mammalian cells.
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GABA(A)receptors in the pathophysiology of epilepsy

Jean-Marc Fritschy1
University of Zurich, Institute of Pharmacology and Toxicology, Winterthurerstrasse 190, 8057 Zurich, Switzerland

GABAA receptors are ligand-gated channels activated by GABA, thereby mediating fast phasic synaptic
as well as tonic extrasynaptic inhibitory neurotransmission. Functional and pharmacological diversity
emerges through assembly of various GABAA receptor subtypes from a large family of subunits. In
addition, GABAA receptor function and localization are fine-tuned by post-translational modifications and
by differential interactions with synaptic scaffolding proteins and signaling molecules. As GABAergic
transmission plays a key role in controlling neuronal excitability and synchronization, alterations affecting
either pre- or postsynaptic GABAergic function, including GABAA receptors themselves, can result in
epilepsy. Accordingly, a number of mutations have been described in genes encoding GABAA receptor
subunits, causing various forms of idiopathic epilepsies. Conversely, signaling mechanisms activated by
seizures can alter GABAA receptor subunit gene expression, trafficking, and posttranslational
modifications. Likewise, alterations in neuronal circuits affecting GABAergic transmission can either
trigger epileptogenesis and seizures, or be caused by them, as evidenced in acquired epilepsies, e.g.
after perturbation of brain development or after head trauma. In this talk, | will present specific examples
illustrating these various features and outline contemporary research avenues designed to better
understand the role of GABAA receptors in epilepsy and to identify novel possible therapeutic avenues.
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Cytosolic carbonic anhydrases in the control of
GABAergic excitation and febrile seizures
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3Department of Neurobiology and Kavli Institute for Neuroscience, Yale University School of Medicine, New Haven,
Connecticut 06510, USA

Intense GABA, receptor (GABA,R) activation causes excitation of neurons and neuronal networks. This
is because GABApRs are permeable to both CI~ and HCO3", and the latter ion acts as a carrier of
depolarizing GABAergic current. The potent excitatory action of HCO3™ during persistent GABApR

activation is based on the continuous replenishment of HCO3™ within neurons by cytosolic carbonic

anhydrase (CA) activity. These findings put intraneuronal CA in a key position in GABAergic excitation
with a possible role in the generation of seizures in vivo. However, it has remained unclear which CA
isoforms are present in neurons and what is the specific role of distinct cytosolic isoforms in the
modulation of GABAergic signalling.

Using a novel CA VII knockout mouse, a CA Il knockout and a novel CA 1I/VIl double knockout, we show
that these two catalytically highly active cytosolic isoforms are solely responsible for CA-dependent
modulation of intraneuronal pH in the somata and dendrites of mouse CA1 hippocampal neurons. The
neuron-specific CA VII expression commences at postnatal day 10 (P10), while the ubiquitous isoform Il

is detected in neurons after P18. Both isoforms are equally effective in promoting HCO3 -driven
GABAergic excitation during intense GABA,R activation.

We present two lines of evidence which suggest a specific role for CA VIlI-dependent GABAergic
excitation in promoting experimental febrile seizures (eFS). Using epidural EEG recordings we show that
hyperthermia reliably evokes robust eFS with cortical electrographic seizure activity in P13-14 wild type
mice but fails to do so in the CA VII knockout. eFS were fully prevented when hyperthermia was induced
in the continuous presence of 5 % CO,. In further agreement of the view that eFS are triggered by

respiratory alkalosis and boosted by GABAergic excitation, a low dose of diazepam facilitated eFS,
whereas they were blocked at concentrations that suppressed breathing. In the human cortex and
hippocampus, CA VIl mRNA was found to be present already at the late fetal stage, well before 6 months
of age when FS are typically first observed. Thus, CA VIl is a key molecule in age-dependent neuronal
regulation of pH with consequent effects on seizure generation.
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Activity-dependent cleavage of KCC2 mediated by
calpain suggests a general mechanism for erosion of
inhibition

Martin Puskarjov!, Faraz Anmad’, Peter Blaesse!, Kai Kaila'

1University of Helsinki, Department of Biosciences, Viikinkaari 1 P.O. box 65, 00014 Helsinki, Finland

The K -ClI cotransporter KCC2 plays a crucial role in neuronal chloride regulation. In mature central

neurons, KCC2 is responsible for the low intracellular CI~ concentration which forms the basis for
hyperpolarizing GABA 5 receptor-mediated responses. Fast changes in KCC2 function and expression

have been observed under various physiological and pathophysiological conditions. Here, we show that
the application of protein synthesis inhibitors cycloheximide and emetine to acute rat hippocampal slices
has no effect on total KCC2 protein level and cotransport function. Furthermore, blocking constitutive
lysosomal degradation with leupeptin did not induce significant changes in KCC2 protein levels. These
findings indicate a low basal turnover rate of the total KCC2 protein pool. In the presence of the
glutamate receptor agonist NMDA, total KCC2 protein decreased to about 30% within 4 hours. This effect
was completely blocked by calpeptin and MDL-28170, inhibitors of the calcium-activated protease
calpain. To assess whether calpain directly cleaves KCC2, we applied recombinant calpain to rat brain
homogenate, which resulted in rapid loss of KCC2. In order to study the effects of activity-dependent

calpain activation on KCC2-mediated CI~ extrusion, interictal-like activity was induced by incubation of

hippocampal slices in an Mg2+-free solution. This led to a fast reduction in KCC2-mediated CI” transport
efficacy in CA1 pyramidal neurons, paralleled by a decrease in both total and plasmalemmal KCC2
protein. Both effects were blocked by MDL -28170. Taken together, these findings show that calpain
activation leads to cleavage of KCC2, thereby modulating GABAergic signaling. This work adds a major
player in GABAergic signaling, KCC2, to the growing list of calpain substrates involved in GABAergic
signaling. A corollary of this suggests that calpain -activation may act as a common executor, which
synchronizes the activity-dependent down-regulation of key GABAergic proteins, and thereby could
mediate erosion of inhibition as seen in chronically epileptic networks.
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RNA processing in temporal lobe epilepsy

Jochen Christian Meier’

"Max-Delbriick-Center for Molecular Medicine, Neuroscience, Robert-Réssle-Strasse 10, 13092 Berlin, Germany

Epilepsy is one of the commonest neurological disorders, and the number of patients with epilepsy is
increasing steadily. In fact, epilepsy has remained drug-resistant in 30% of the cases for the past 70
years, and present antiepileptic drugs suppress seizures but there are no therapeutic options against
epileptogenesis, a sign of our ignorance of underlying mechanisms. Most epilepsy syndromes have no
discernable genetic component, indicating that epileptogenesis must involve disease-promoting
mechanisms of neuronal plasticity. At the same time, adapative responses of neuronal networks can
operate to suppress seizure generation and the patho -physiological consequences of neuronal
hyperexcitability, such as sclerotic neuronal death and circuit miswiring. Thus, the need for explorative
studies addressing the variability of gene products and their impact on cell physiology is evident. In this
context, we are investigating variability of selected gene products and their relation to patho-physiology
of epilepsy. We discovered that RNA editing of glycine receptor (GlyR) coding mRNA is increased in the
hippocampus of patients with temporal lobe epilepsy (TLE). RNA editing generates gain-of-function GlyR
with drastically increased apparent affinity for glycine. Furthermore, these receptors don’t even need an
agonist for channel opening, i.e. they can spontaneously open and increase chloride permeability of the
plasma membrane. Forin vivo analysis of the functional impact of these receptors, we generated a
knock-in mouse that expresses an epitope-tagged version of RNA-edited GlyR a3L, which is the
preponderantly expressed long RNA splice variant of the a3 subunit. Data obtained from ultrastructural,
cell biological, biochemical and electrophysiological experiments will be presented, revealing GlyR a3L-
interacting vesicular trafficking proteins and expression of these receptors at specific subcellular
locations in the hippocampus. Furthermore, | will show data on variability of RNA splicing of gephyrin
coding gene transcripts in hippocampi of TLE patients and discuss how this information can be used for
invention of novel molecular tools for a neuronal activity-dependent therapeutic strategy that hopefully
tackles the disease at the root.
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Optogenetic control of hippocampal oscillations by
stimulation of medial septal PV* interneurons
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2, 53175 Bonn, Germany

2Klinik fir Epileptologie, Universitatsklinikum Bonn
3\nstitut far Neurophathologie, Universitatsklinikum Bonn

The medial septal nucleus and the diagonal band of Broca (MSDB) play a crucial role in the generation of
hippocampal theta rhythm. It has been shown that PV+ interneurons rhythmically discharge at theta
frequency in vitro and in vivo. These interneurons in the MSDB target interneurons in the hippocampal
formation and lead the hippocampal network by providing rhythmic disinhibition. Aberrant hippocampal
theta and gamma oscillations are observed both in patients and mouse models of Alzheimer's disease
(AD). We expressed ChR2-EYFP (H134R) selectively in PV+ interneurons of the MSDB by using
stereotactic rAAV injections in PV-Cre mice. Cellular responses of hippocampal pyramidal neurons and
interneurons were identified in -vivo by two -photon calcium imaging using GECIs and selective Cre-
mediated expression of tdTomato. Local field potential electrodes were placed in close proximity to the
imaging field of view. 1) Using patch-clamp in the MSDB single ChR2 positive PV+ interneurons could
reliably be driven by optic stimulation with a fiber-coupled 470nm diode laser. 2) PV+/EYFP positive
axons were reliably observed in the CA1 subfield with predominant labeling in str. oriens and pyramidale
3)Stimulation of the MSDB at frequencies in the theta and gamma range, induced phase-coupled
rhythmic oscillations in CA1 which recruited pyramidal neurons and interneurons 4) We could reliably
control hippocampal oscillations in behaving animals, which is a prerequisite for a successful rhythm
restoration in mouse models of AD.
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GABAergic control of depressive and antidepressive
brain states

Bernhard LUscher1’2’3, Zhen Ren1, Qiuying Shen1, Thomas Fuichs1, Chicheng Sun1,
Gong Chen’

Penn State University , Depts. of Biology1, Biochemistry & Molecular Biologyz, and Psychiatry3 , 201 Life Sciences Building,
University Park, Pennsylvania 16802 , USA

Vulnerability for anxiety and depressive disorders is increasingly recognized to involve deficits in
GABAergic neurotransmission. In particular, major depression is associated with lower brain
concentrations of GABA, reduced function or loss of select subtypes of GABAergic interneurons and
altered subunit composition and reduced expression of ionotropic GABA receptors (GABA-ARs). Mice
that were rendered heterozygous for the gamma2 subunit gene (gabrg2) of GABA -ARs have been
shown to exhibit behavioral, cognitive, neuroendocrine and pharmacological characteristics indicative of
an animal model of partially drug resistant melancholic anxious depression. They indicate that deficits in
GABAergic transmission evident in patients are indeed causative for major depressive disorders.
Encouraged by this model, we have used conditional knock-out and pharmacological manipulations of
gamma2 subunit -containing GABA -ARs,as well as biochemical, pharmacological and
electrophysiological characterization of gamma2 subunit-deficient cultures and mice to further elucidate
the molecular and cellular pathways mediating GABAergic deficit-induced depressive states. | will
summarize experiments relying on tamoxifen inducible deletion of the gamma2 subunit gene and
pharmacological potentiation of GABA -ARs with diazepam that revealed separate critical periods
underlying the developmental vulnerability for adult anxiety and depression-related behavior in the
Elevated Plus Maze and Forced Swim Test, respectively. Second, | will present biochemical and
functional evidence that GABA-AR deficit-induced depressive states involve homeostatic adaptations in
glutamatergic transmission. Third, | will summarize our progress in identifying GABAergic neural circuits
controlling antidepressant-like brain states in mice.
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Gephyrin in neurodegenerative disease

Guenter Schwarz'

1University of Cologne, Department of Chemistry, Institute of Biochemistry, Zuelpicher Str. 47, 50674 Koeln, Germany

Anchoring and clustering of neuro-receptors is vital for proper signal transmission in the central nervous
system. The scaffolding protein gephyrin plays a critical role in organizing postsynaptic structures at
glycinergic and a subset of GABAergic (gamma-aminobutyric acid) synapses. In addition, gephyrin
catalyzes the biosynthesis of the molybdenum cofactor in peripheral tissue such as liver and kidney.
Functional diversity of gephyrin is believed to rely on alternative splicing, which produces at least 10
different variants. A loss of gephyrin results in severe neurodegeneration due to a metabolic defect
resulting in the accumulation of excitotoxic metabolites as well as impaired synaptic inhibition. Recently
we identified different forms of gephyrin deficiencies leading either to severe childhood death due to loss
of all gephyrin functions or the expression of dominant negative variants that affect oligomerization and
clustering of gephyrin in the brain. Finally, novel mechanisms of post-translational control of gephyrin-
dependent clustering of GABA type A receptors will be presented, each of which contributing to synaptic
strength and plasticity at inhibitory sites.



Gottingen Meeting of the German Neuroscience Society 2013

Symposium

S20: Functional specializations of neuroglia as critical

S20-1

S20-2

S20-3

S20-4

S20-5

S20-6

S20-7

determinants of brain activity

Spatiotemporal organization of astrocytic calcium activity
Yuji Ikegaya

ASTROCYTES MODULATE INFORMATION PROCESSING IN VISUAL CORTEX
Gertrudis Perea, Mriganka Sur

Regional and dynamic misexpression of myelin-related and astrocyte-specific transcripts in
SHARP1/2 mouse mutants
Moritz J Rossner

Heterogeneity of glial glutamate uptake
Christine Rosemarie Rose

Role of protein translation for astroglial heterogeneity in hippocampal and cortical astrocytes
Daniela Christiane Dieterich

Altered synaptic plasticity and rhythmic oscillations in the hippocampus following vascular injury
and blood-brain barrier dysfunction

Kristina Lippmann, Lyn Kaminstky, Svetlana Lublinsky, Julia Nichtweil3, Alon Friedman, Uwe
Heinemann

Molecular Mechanisms of Astrocyte Vesicle Release at Synaptic Interfaces
Anne Christine Wolfes, Camin Dean



Gottingen Meeting of the German Neuroscience Society 2013 820'1

Spatiotemporal organization of astrocytic calcium
activity

Yuji Ikegaya'
The University of Tokyo, Grad School of Pharmaceutical Sciences, 7-3-1 Hongo, 113-0033 Bunkyo-ku, Japan

Astrocytes exhibit various patterns of intracellular calcium elevations, which are often involved in
gliotransmission. Although local synchronization and wave-like propagation of astrocytic calcium
activities are often reported, the temporal activity patterns of individual cells are poorly characterized at a
longer time scale. Here, | utilized large-scale calcium imaging technique to simultaneously visualize and
analyze the activity patterns of hundreds of astrocytes in CA1 stratum radiatum of acute hippocampal
slices prepared from juvenile mice. | found that among the observed astrocytes, 24.9 + 17.1% cells
(mean = SD) showed unique oscillation patterns, which | named "intermittent oscillations". These cells
repeatedly showed clustered oscillation events at an interval of 859 + 661 s, with only few sporadic
activities between the events. Single events persisted for 107.5 + 56.4 s and involved 3.9 + 1.6 cycles.
Neither the frequency of the events nor the number of intermittently oscillating cells was affected by TTX
or AP5, an NMDA receptor antagonist, implicating that the intermittent oscillations are independent of
neuronal activity. In contrast, MCPG (a group | and |l metabotropic glutamate receptor antagonist)
reduced these parameters, while not affecting the overall excitability of astrocytes. Further properties,
pharmacological profiles, and spatial allocations of these cells are now under investigation.
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ASTROCYTES MODULATE INFORMATION PROCESSING
IN VISUAL CORTEX

Gertrudis Perea’, Mriganka Sur'

'Picower Insitute for Learning and Memory, Massachusetts Institute of Technology, 46 Vassar St, 02139 Cambridge, USA

Astrocytes are the major glial cell type in the nervous system. They are known to have important roles in
brain homeostasis, such as buffering potassium ions and releasing molecules necessary for energy
metabolism. Astrocytes have recently been considered to play active roles in synaptic trans—mission and
plasticity in different brain areas. However, the impact of astrocyte activity on cortical networks and on
information processing of external stimuli is unresolved. Our results demonstrate that astrocytes are
actively involved in information transfer within cortical networks, and they do so by influencing the
strength of synaptic connections between cortical neurons.

We used optogenetic techniques to selectively manipulate astrocyte activity in layers 2/3 of primary visual
cortex in mice. Astrocytes were selectively targeted with light-sensitive channelrhodopsin-2 (ChR2) to
evoke calcium responses in them. We simultaneously recorded the activity of neighboring neurons in
these cortical layers — in slices of visual cortex in vitro to examine synaptic influences of astrocytes on
neurons, and in the intact visual cortex in vivo while presenting visual stimuli to the animals to examine
the influence of astrocyte activation on tuned visual responses of neurons.

We observed that astrocyte stimulation evoked an increase of both excitatory and inhibitory postsynaptic
currents in cortical slices. These effects were mediated by glutamate released from astrocytes and
subsequent activation of metabotropic glutamate receptors on neurons. Single neuron recordings in vivo
demonstrated that astrocyte activity influenced the responses of cortical neurons to specific visual stimuli,
and affected excitatory and inhibitory neurons in different ways.

These results show that astrocytes regulate excitatory and inhibitory synaptic transmission in the visual
cortex, which in turn drives changes in the excitation/inhibition balance in cortical networks and hence
alters response features of visual cortex neurons. Thus, astrocytes are directly involved in the
representation and processing of information in the cerebral cortex.
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Regional and dynamic misexpression of myelin-related
and astrocyte-specific transcripts in SHARP1/2 mouse
mutants

Moritz J Rossner’

11 Max-Planck-Institute of experimental Medicine, Research Group Gene Expression, Hermann-Rein-Str. 3, 37075 Goéttingen,
Germany

The basic Helix Loop Helix (bHLH) transcription factors SHARP1 and -2 (also known as DEC2/1) are
partially redundant modulators of the mammalian clock and SHARP1 has been identified as a regulator
of sleep homeostatis in humans and mice. Moreover, Sharp1 and -2 double null mutant mice (S1/2-/-)
perform better in learning paradigms that depend on cortical structures and which depend most likely on
certain aspects of sleep. Therefore, we analyzed the sleep architecture and sleep-wake associated
cortical gene expression in S1/2-/- and wild-type (wt) mice. Somewhat surprisingly, we detected not only
neuronal plasticity genes but also different glial transcripts to be deregulated in wt and mutant mice.
Among these were several myelin-related as well as astrocyte-specific gene products. The daytime and
region dependent de-regulation of selected myelin genes was validated combining laser-microdissection
and quantitative RT-PCR. By analyzing synchronized mixed glial cultures from wt and S1/2-/-, we show
that the dynamic and genotype dependent regulation of myelin and astrocyte genes is cell-autonomous
and independent of a neuronal pacemaker. Moreover, correlating with the cortex-dependent cognitive
enhancement, alterations of astrocyte-specific gene expression is restricted to cortical structures and not
seen in the hippocampus of S1/2-/- mice. In addition, cultured cortical astrocytes from S1/2-/- mice
display alterations at the morphological and biochemical level which could be of relevance for the
observed learning phenotypes. To further characterize regional astrocyte heterogeneity at the molecular
level, we acutely isolated GFP tagged astrocytes by FACS from cortex, hippocampus and brainstem and
performed transcriptome profiling using next-generation sequencing technology.
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Heterogeneity of glial glutamate uptake

Christine Rosemarie Rose

"Heinrich Heine University Duesseldorf, Institute of Neurobiology, Universitaetsstr. 1, Building 26.02, 40225 Duesseldorf,
Germany

Glutamate is the major excitatory neurotransmitter of the central nervous system. Upon its release into
the extracellular space, it is efficiently removed by high-affinity, sodium-dependent glutamate
transporters, located at neuronal and glial plasma membranes. Astrocytes, which express the glutamate
transporters GLAST/EAAT1 (glutamate -aspartate transporter/excitatory amino acid transporter 1) and
GLT-1/EAAT2, account for the majority of the glutamate uptake activity in the brain. Glial glutamate
uptake results in a fast decline in the extracellular glutamate concentration, shapes the time course of
synaptic conductance, contributes to the input specificity of glutamatergic synapses, and prevents
excitotoxicity. Furthermore, activation of glutamate uptake is accompanied by long-lasting intracellular
sodium transients in astrocytes in situ that can spread to neighbouring astrocytes by diffusion through
gap junctions composed of Cx30/Cx43.

Earlier studies showed that in the hippocampus and cerebellum GLAST and GLT-1 transporters are
located close to synapses and at a lower level at perivascular astrocyte endfeet and established a
general increase in glutamate transporter expression from birth to adulthood. Because astrocytes are
decidedly polarized cells, with delicate perisynaptic processes contacting synapses on one side and
highly specialized endfeet contacting blood vessels on the other, glutamate transporter expression might
be heterogeneous not only in respect to development, but also at the cellular and subcellular level. We
therefore characterized the laminar and subcellular protein expression profile of GLAST and GLT-1 in the
hippocampus of mice during the first 2 months of postnatal development using immunohistochemistry
and western blot analysis. While confirming the reported increase in overall GLAST expression during
the first two weeks after birth, we found that up-regulation of GLT-1 protein levels was completed only at
P20-25 and thus delayed by about ten days. In addition, GLAST and GLT-1 showed differential
temporal, laminar and subcellular expression profiles. GLAST increased steadily with highest transporter
density in neuronal cell body layers and was preferentially expressed in astrocytes at P3-5 and by radial
glia. GLAST immunoreactivity was distributed rather homogenously with no preferential localization to a
specific cellular compartment (Figure, top row). GLT -1 expression was especially prominent in adult
tissue. Starting at P10-15, GLT -1 exhibited a laminar expression pattern, with highest immunoreactivity
in the stratum lacunosum-moleculare. GLT-1 was only sparsely located at astrocyte somata (Figure,
bottom row), whereas it exhibited discrete clusters at perisynaptic processes and at endfeet on blood
vessels. Taken together, our results reveal a distinct temporal, laminar as well as subcellular
heterogeneity of GLAST and GLT -1 expression in the developing hippocampus. This indicates that the
two transporters might serve specialized functional roles in different subcellular domains during formation
and maintenance of the hippocampal network.
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Role of protein translation for astroglial heterogeneity in
hippocampal and cortical astrocytes

Daniela Christiane Dieterich’

10tto-von-Guericke University Magdeburg, Institute for Pharmacology and Toxicology, Leipziger Strasse 44, 39120
Magdeburg, Germany

& Leibniz Institute for Neurobiology, Magdeburg,
Brenneckestrasse 6, 39118 Magdeburg, Germany

Recent work from several groups suggests that astrocytes directly influence the formation, function, and
stability of synapses, thereby sculpting axonal and dendritic morphology and balancing the activity levels
of neurons. Astroglial heterogeneity and its morphological, physiological and molecular consequences
within and across different brain regions such as the hippocampus or somatosensory cortex might be one
possibility of how these processes might be implemented. On the molecular level astroglial heterogeneity
can be reflected by the repertoire of translated mRNAs and the corresponding proteins. Therefore, we
are looking at astroglial heterogeneity by performing cell-selective proteomic profiling of astrocytes in
conjuction with transcript analysis in different cultures systems. For our investigations on the proteome
level we employ a suite of recently developed tools using small chemical reporters to metabolically label
newly synthesized proteins. The core of these metabolic labeling techniques capitalizes on the manifold
potential of small bioorthogonal chemo-selective groups, such as the azide group. These groups deliver
unique chemical functionality to their target molecules, which can subsequently be tagged with
exogenously delivered probes for detection or isolation in a highly selective manner. To identify and
visualize the subpopulation of newly synthesized protein by BONCAT and FUNCAT the non-canonical
amino acid Azidohomoalanine is used in conjunction with click chemistry utilizing the cell’'s own
translation machinery. To tackle questions concerning different cell -typesin a complex cellular
environment, such as neuron-astroglia networks, we refined BON- and FUNCAT to differentiate between
two cell types at the same time. Via the expression of a mutant Methionine-tRNA-synthetase (MetRS)
under the control of a cell-specific promoter, the proteome of this cell type can be metabolically labeled
with Azidonorleucine (ANL), an artificial amino acid that is excluded by the wild-type MetRS. Identified
candidate proteins are validated both by Western Blot and by fluorescent in situ hybridization techniques.
Furthermore, protein and transcript data are collected in an astroglia-specific database.

This work is supported by the DFG (Emmy Noether Program, SPP1172 and a DIP grant to DCD).
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Altered synaptic plasticity and rhythmic oscillations in
the hippocampus following vascular injury and blood-
brain barrier dysfunction

Kristina Lippmann1, Lyn Kaminstkyz, Svetlana Luinnskyz, Julia Nichtwei!, Alon
Friedman1’2, Uwe Heinemann'

Vnstitute of Neurophysiology, PG Uwe Heinemann, Charitéplatz 1, 10117 Berlin, Germany; 2Depar’[ment of Physiology, Faculty
of Health Sciences, Ben-Gurion University of the Negev, 84105 Beersheva, Israel

Recent studies demonstrated that breakdown of the blood -brain barrier (BBB) is a major factor
influencing the outcome of patients who suffer from stroke. It may have an impact on development of
neuronal dysfunction, epileptogenesis and delayed neurodegeneration. A crucial mechanism is the
activation of the TGF-R pathway in astrocytes through albumin exposure and a subsequent development
of an hyperexcitable network. We investigated the hippocampus, an area of high cognitive functions,
following cortical photothrombosis regarding the expansion of the BBB breakdown and
electrophysiological alterations. We quantified hippocampal BBB dysfunction using Evans blue injections
and MRI imaging from 12 h up to 1 week following treatment. Further on we confirmed a slight increase
of intracranial pressure within the first 5 h post-stroke which might be one of the reasons for spreading
BBB breakdown into the hippocampus following cortical stroke. Ex vivo electrophysiological recordings
from area CA1 showed increased likelihood of spontaneous paroxysmal activity, lower threshold for
spreading depolarization, reduced long-term potentiation and tendentially decreased GABA A mediated
feedback inhibition. In vivo intrahippocampal recordings presented enhanced oscillatory activity after
treatment. Our results imply significant hippocampal dysfunction in the presence of peri-ischemic
vascular injury contributing to cognitive dysfunction in vascular pathologies.
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Molecular Mechanisms of Astrocyte Vesicle Release at
Synaptic Interfaces

Anne Christine Wolfes1, Camin Dean’

1European Neuroscience Institute Gottingen, Trans-synaptic signaling, Grisebachstralle 5, 37077 Géttingen, Germany

The release of transmitter molecules (e.g. ATP, glutamate) and mediators of synaptic plasticity (e.g.
Hevin, SPARC) has recently been reported for astrocytes, suggesting direct involvement in neuronal
function by astrocytes at tripartite synapses. Since the release mechanism of astrocytic factors is
unknown, my project aim is to study astrocytic synaptotagmins (SYTs), which are essential for endo- and
exocytosis of vesicles, and thus good candidates for a central role in astro-neuronal signalling.

All 17 SYT isoforms include Ca2+-binding domains, many of which induce vesicle fusion with the plasma
membrane in response to Ca2+ influx. Moreover, homologs of neuronal SNARE complex proteins exist in
astrocytes, like SNAP23 and VAMP3. Having already found particular SYT isoforms in astrocytes, | will
also investigate the presence and function of other astrocytic vesicle proteins.

Data | previously gained from immunocytochemistry and Western blots will be complemented by
immunohistochemical analysis of mouse brain slices in which GFP is expressed exclusively in astrocytes.
Thus, the localisation of SYTs will be characterised in vitro and in vivo at different spatial (anatomical,
cellular, and molecular) levels and developmental points in astrocytes, as well as their localisation to
distinct vesicle sub-types.

For functional analysis, total internal reflection fluorescence microscopy (TIRFM) combined with pHIuorin-
coupled SYTs will be used. The pH-sensitivity of pHIuorins indicates if a vesicle is within a cell (i.e. pH <
5), or fused with the membrane (i.e. pH > 5 extracellularly). To examine vesicle fusion kinetics exclusively
at the membrane, pHIuorin-coupled SYTs will be expressed in astrocytes of co-cultures of neurones and
astrocytes, and compared to data already obtained from astrocyte monoculture experiments, to
determine if astrocytic vesicle recycling occurs adjacent to neuronal synapses as part of “tripartite
synapses”. Subsequently, neuronal networks and the effect of knockout or knockdown of specific
astrocytic SYTs will be analysed.

Further, wild-type neurones will be plated on astrocytes derived from knockout mice lacking particular
SYT isoforms and used for electrophysiological analysis. Since common neurological disorders such as
epilepsy, migraine, and headache are linked to dysfunctional astrocytes, phenotypic analysis of SYT
knockout mice will be performed to identify defects in synaptic transmission, plasticity, and overall circuit
function of the brain.
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Assembly of functional post-synapses by neurexin-
neuroligin adhesions: role of lateral diffusion

Olivier Thoumine1, Gregory Giannone1, Magali Mondin1, Katalin Czondor1, Mikael
Garcia', Martin Heine?, Renato Friscknecht?, Jean-Baptiste Sibarita’, Daniel Choquet1

TCNRS - University of Bordeaux, Interdisciplinary Institute for Neuroscience, 146 rue Léo saignat, 33077 Bordeaux, France
2 | eibniz Institute of Neuroscience, Magdeburg, Germany

Neurexin/neuroligin adhesion plays a key role in synaptogenesis, but the mechanisms linking initial
contact to the assembly of functional synaptic complexes remain unclear. Using biomimetic systems and
high resolution microscopy in cultured neurons, we have demonstrated a multi-step mechanism of
excitatory post-synapse differentiation triggered by neurexin neuroligin adhesion. Using neurexin-coated
fluorescent nanoparticles, we first demontrated a very stable adhesion between neurexin and neuroligin
(Saint-Michel et al., Biophys J;, 2009). Second, using neurexin clusters and fluorescence imaging, we
have shown that the recruitment of the essential scaffold protein PSD-95 is dependent on the
phosphorylation of a critical tyrosine residue in neuroligin-1 (Giannone et al., submitted). Third, using
single nanoparticle tracking, we showed that surface-diffusing AMPA receptors are captured in 30 min at
PSD-95 scaffolds assembled by neurexin/neuroligin adhesions (Mondin et al., J Neurosci 2011), and that
these receptors are functional (Heine et al., PNAS 2008). Based on these data, we generated computer
simulations integrating the two major mechanisms of AMPA receptor delivery at synapses, namely
surface diffusion and recycling from internal stores (Cz6ndoér et al., PNAS 2012). This model provides
new insights on the dynamic regulation of synaptic strength.
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Membrane dynamics of the K+/Cl- co-transporter KCC2:
a novel, activity-dependent mechanism of neuronal
chloride homeostasis

Sabine Lévi'

" INSERM UMRS839, Institut du Fer a Moulin, 17 rue du Fer a Moulin, 75005 Paris, France

The neuronal K+/Cl- cotransporter KCC2 extrudes intracellular Cl- and therefore determines the polarity
of GABA signaling in the brain. Loss of KCC2 expression has been observed in epilepsy. However,
KCC2 expression does not always correlate with intraneuronal CIl - concentration, suggesting the
transporter function might be altered independent of its expression level. KCC2 form clusters near
synapses. This is reminiscent of postsynaptic receptor clusters formed by a diffusion-trap mechanism.
We propose the regulation of lateral diffusion and clustering may affect the net function of KCC2. This
will be a mechanism to locally and rapidly modulate the number of transporters near inhibitory synapses
and therefore CI- ion efflux.

To address this question, we have studied the lateral diffusion of KCC2 in mature hippocampal neurons
with Single Particle Tracking. These experiments revealed KCC2 free diffusion in the extrasynaptic
compartment and lower mobility and increased confinement near synapses. Furthermore, epileptiform
activity rapidly increased lateral diffusion, decreased clustering, and reduced activity of KCC2; suggesting
regulation of diffusion may affect the net function of the transporter.

This work represents the first characterization of the diffusion dynamics of an ion transporter that may be
generalized to other transporters and may reveal a new level of regulation of neuronal chloride
homeostasis and therefore efficacy and/or polarity of the inhibitory synaptic transmission.
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From transmission to connection, a study in GABAgeric
synapse

YU FU'

1Univers.ity of California San Francisco, Physiology, Rm436 685 Nelson Rising Lane, 94158 San Francisco, USA

Accumulating evidence indicate that GABA regulates activity -dependent development of inhibitory
synapses in the vertebrate brain, but the underlying mechanisms remain unclear. Here we combined live
imaging of cortical GABAergic axons with single cell genetic manipulation to dissect the role of
presynaptic GABAB receptors (GABABRSs) in inhibitory synapse formation in mouse. Developing
GABAergic axons form a significant number of transient boutons but only a subset was stabilized.
Synaptic vesicles in these nascent boutons are often highly mobile in the course of tens of minutes.
Activation of presynaptic GABABRs stabilized mobile vesicles in nascent boutons through the local
enhancement of actin polymerization. Inactivation of GABABRs in developing basket interneurons
resulted in aberrant pattern of bouton size distribution, reduced bouton density and reduced axon
branching, as well as reduced frequency of miniature inhibitory currents in postsynaptic pyramidal
neurons. These results suggest that GABABRSs along developing inhibitory axons act as a local sensor of
GABA release and promote presynaptic maturation through increased recruitment of mobile vesicle
pools. Such release-dependent validation and maturation of nascent terminals is well suited to sculpt the
pattern of synapse formation and distribution along axon branches.
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Competition of Glycine and GABA receptors for
scaffolding binding sites at spinal cord inhibitory
synapses

Marianne Renner1, Antoine Triller’

Tinstitut de Biologie de I'Ecole Normale Supérieure (IBENS) , Inserm U1024, CNRS UMR8197, 46 rue d'Ulm, 75005 Paris,
France

Neuronal synapses are dynamic membrane domains. Receptors are exchanged between extrasynaptic
and synaptic membranes by lateral diffusion, thus the capacity of the synapse to trap (stabilize) receptors
underlies the formation of the synaptic domain and determines the synaptic strength by controlling the
number of receptors at the post-synaptic membrane. At inhibitory synapses of cultured spinal cord
neurons, glycine (GlyR) and GABAjreceptors (GABAR) are both present in the majority of postsynaptic

membranes, being stabilized by the scaffolding molecule gephyrin. Indeed, both types of receptors bind
to nearby sites on the gephyrin molecule albeit with different affinities. Early-formed synapses contain
GABAARs but not GlyRs, which are recruited later. | use single particle tracking to study the diffusion and

stabilization of these receptors along synaptic maturation. The single molecule approach allows the study
of changes in the diffusive behaviour that raise from molecular interactions and their kinetics in cellulo. |
present a new parameter, the “packing coefficient”, which detects stabilization events along a trajectory.
Interestingly, receptors often jump from one stabilization site to another. This can be an indication of the
morphing of the scaffold or that receptors establish interactions with different gephyrin sites during their
stay at the synapse. In agreement with the higher affinity of GlyR for gephyrin, synapses are overall
more efficient to stabilize GlyR than GABA,R, with the exception of GABA pARs containing the alpha 1

subunit which are the most stabilized in young neurons. More importantly, two lines of experiments as
well as Monte Carlo simulations strongly suggest that the stabilization of GABAAR is dependent on the

degree of stabilization of GlyR, as both receptors compete for their scaffolding sites. This contributes to
differential regulations of GlyR and GABAAR at same inhibitory synapses.
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Calcium channel dynamic in the neuronal membrane

Martin Heine', Johannes Kohl1-2, Ulrich Thomas', Romy Schneider’

1Leibniz Institute for Neurobiology, Magdeburg, Germany 2MRC Laboratory of Molecular Biology, Cambridge, UK

Synaptic release probability is influenced by the alignment of pre- and postsynaptic membranes as well
as the local density of presynaptic calcium channels and postsynaptic receptors. High voltage gated
calcium channel location is most critical for the success of transmitter release and hence determines the
synaptic variability on the presynaptic side. Those channels are composed of three subunits, the pore
forming alpha1 subunit, the intracellular beta-subunits and extracellular alpha2delta subunits. Beta- and
alpha2delta-subunits do influence the intracellular trafficking as well as biophysical properties of calcium
channels complexes in the membrane. Their location in the neuronal membrane has been suggested to
be very confined due to the action potential induced transient opening of calcium channels and the
moderate affinity of calcium sensitive SNARE proteins. A confined mobility within the presynaptic
membrane or a dynamic interaction of the channel subunits could substantially alter presynaptic release
properties. To visualise this possible dynamic of channel subunits in the presynaptic membrane we have
used single particle tracking (SPT) and photo activated localization microscopy (PALM). The pore
forming subunits of CaV 2.1 and CaV 2.2-channels appeared to be strongly confined within the synapse,
whereas the extracellular GPl-anchored alpha2delta-subunits are highly mobile in the axonal membrane
and only partially confined within the synapse. Testing different combinations of alpha1- and alpha2delta-
subunits demonstrated large differences in the interaction between subunits. In line with the different
subunit affinities and ability to tune channel opening properties a modulation of the surface expression of
alpha2delta subunits in cultured hippocampal impact on synaptic activity. We suggest that the molecular
dynamic of alphal- and alpha2delta subunits does tune synaptic transmission based on molecular
surface dynamic.
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From lon Channels to Function, Behavior, and
Speciation

Stefanie Ryglewski1, Dimitrios Kadasz, Carsten Duch®

1Johannes Gutenberg University Mainz, Department of Neurobiology, Colonel-Kleinmann-Weg 2, 55128 Mainz, Germany
2Arizona State University, Tempe, Arizona 85287, USA
3Johannes Gutenberg University Mainz, Department of Neurobiology, Colonel-Kleinmann-Weg 2, 55128 Mainz, Germany

Voltage gated calcium channels (VGCCs) carry out diverse functions in different types of neurons and
different brain parts. In vertebrates 10 genes encode for VGCC alpha subunits. These comprise three
different families, Ca, 1 channels which mediate high voltage activated (HVA) L -type currents, Ca,2

channels which mediate HVA P-/Q-, N-, and R-type calcium currents, and Ca, 3 channels, which mediate

low voltage activated (LVA) T-type channels. In the Drosophila melanogaster genetic model system each
of these families is represented by only one gene, namely Dmca1A (Ca,1 homolog), Dmca1D (Ca,2

homolog), and DmaG (Ca,3) homolog. We employ targeted genetic manipulation of these calcium

channels in identified Drosophila motoneurons to (i) test which Drosophila channels underlie which
calcium currents, (ii) test the function of these channels for generating correct firing patterns in larval
crawling versus adult flight and courtship song, and to probe (iii) calcium channel function in speciation.

As is the case in mammalian motoneurons, in larval Drosophila crawling motoneurons Ca, 1 channels

(Dmca1D) mediate somatodendritic L-type calcium currents which may serve to boost synaptic drive to
their dendrites, especially in the presence of aminergic modulation. By contrast, adult flight/courtship
motoneurons express somatodendritic LVA T-type like and HVA N-type like calcium currents, as well as
presynaptic P-/Q-type calcium current, all three of which are mediated by the Ca,2 homolog, DmcalA.

Therefore, at least 3 different calcium currents are mediated by one gene in the same neuron. DmcalA,
also named cacophony, is alternatively spliced and A -1 RNA edited. This results in more than 1000
possible cacophony protein variants, 22 of which we have identified in the Drosophila brain by RNA Seq.
However, expression of just one cacophony transcript in a null background can rescue all three calcium
currents in adult motoneurons. Therefore, interactions with other subunits or posttranslational
modifications must create LVA or HVA VGCCs from one transcript, and this is currently under
investigation.

However, our data show that larval crawling versus adult flight and courtship song require different
VGCCs in motoneurons. Interestingly, mutations in cacophony that affect adult motoneuron HVA and
LVA somatodendritic calcium currents also affect male courtship song. Song is produced by wing
movements at species specific frequencies, which in turn are affected by cacophony based currents in
motoneurons. Therefore, altered cacophony based motoneuron calcium currents may serve prezygotic
isolation. With more than 1000 possible transcript variants, the cacophony gene provides a suitable
substrate for soft selection, and most importantly, altered cacophony transcripts will also affect the neural
basis of audition, so that mutations affect the sender as well as the receiver. We now produce different
cacophony splice variants in a null background to test the function of each one for motoneuron calcium
currents, courtship song, and mating success.
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Opportune wiring of motor circuits during development
of Drosophila

Jan Felix Evers1, Louise Coutonz, Temur Yusunovz, Soren Diegelmannz, Matthias
Landgraf2

1University of Cambridge, Dept. of Physiology, Development and Neuroscience, Downing Street, CB2 3DY Cambridge, United
Kingdom
2University of Cambridge,Dept. of Zoology, Downing Street, CB2 3EJ Cambridge, United Kingdom

TheDrosophila nervous system is well known for its stereotypic development of its constituent neurons.
Much less is known about how these elements connect to form functional circuits. Recent results have
shown that activity dependent mechanisms homeostatically adjust neuronal growth in the embryonic
CNS and regulate the emergence of coordinated behaviour. Our aim is to study how actual patterns of
synaptic connections are generated as networks develop. To be able to this at the level of single
identified neurons, we generated tools to independently label identified cholinergic inter- and sensory
neurons (split-GAL4) and motorneurons (LexA). Bimolecular fluorescence complementation (GRASP)
allows us to identify molecular contact between these neurons; co-localisation with presynaptic release
sites (bruchpilot-mRFP) to pinpoint synaptic contacts.

Using these tools we find that:

1. Variable numbers of synaptic sites form between individual pairs of inter - and motorneurons; 2.
Synapse numbers between connecting neurons increase with developmental age; 3. Connections
between sensory and motor neurons are highly variable at larval hatching, but this variability decreases
during larval development.

Our data suggest that synaptogenesis in the embryonic and larval nervous system may be rather
opportunistic. We speculate that the amount of overlap of projection areas is an important regulator for
the number of synaptic contacts formed. We are now testing this hypothesis experimentally.
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Motor Flexibility In Insect Locomotion: Changing
Walking Direction

Katja Hellekes', Matthias Gruhn?, Ansgar Bt'Jschges3

1.2.3Bjocenter, University of Cologne, Department of Animal Physiology, Zllpicher Str. 47b, 50674 Cologne, Germany

Today, organization and operation of those neural networks that contribute to the generation of a basic
stepping motor output, in particular in stick insect and cat, are clear to some detailed extent (Pearson et
al. 2006; Gruhn & Buschges, 2008). However, this understanding is mostly restricted to motor activity for
straight walking only, while the neural basis of motor flexibility, i.e. the generation of different walking
directions, curve walking or even climbing, is still barely understood (Buschges, 2012). Recently, we
have addressed this issue in a series of studies to analyze the generation of curve walking. The talk will
present our present knowledge on those neural interactions underlying the generation of leg stepping in a
curve walking stick insect: (i) Using a preparation with reduced mechanical coupling between the legs
(Gruhn et al. 2009) has revealed that the individual legs each contribute to the generation of curve
walking by generating leg and task specific kinematics, independent of mechanical coupling between
them, but also independent of the presence of the other legs: stance of the inside middle leg (iL) is
mainly produced by tibial flexion that pulls the animal into the curve, while stance of the outside leg (oL)
is mainly generated through retraction of the fairly extended middle leg. (ii) Processing of movement
signals from the tibia, known to contribute to the control of tibial motoneuron activity, contributes to
generating the observed differing leg kinematics in iL and oL: while flexion signals from the tibia in aniL
reinforce flexor motoneuron activity no such influence was detected for oL (see Hellekes et al. 2012; see
also Poster by Hellekes and Blschges). (iii) Task dependent influences between leg controller operation
of iL and oL were also detected for the segmental central pattern generating networks: while on the oL
side, coxal motoneuron activity was mostly tonic and shifted towards retractor coxae activity, on the iL
side both antagonistic coxal motoneurons were rhythmically active in-phase with front leg stepping (see
also Poster by Gruhn et al.). From these results the notion arises that motor flexibility of locomotor
systems is based on specific, fine -tuned modifications in the operation of the segmental locomotor
networks. Supported by DFG grants Bu857/10 and 11 in PAK146.
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Single perturbations cause sustained changes in
searching behavior of stick insects.

Eva Berg1, Joachim Schmidt, Ansgar BUschges1

1Depar’cment of Animal Physiology, Biocenter, University of Cologne, Zilpicherstr. 47b, 50674 Cologne, Germany

Walking stick insects that do not find a foothold perform stereotypic cyclic searching movements (SMs)
with the respective leg (Bassler, 1993; Durr, 2001). When encountering an object, the animals grasp it.
We are interested in the control of SMs that are continued after a one-time leg contact with an object that
is removed immediately after contact. Experiments were performed on stick insects (Cuniculina impigra)
with a single intact leg that was restrained to move in the vertical plane. A stick was moved into the leg’'s
movement path such that it was touched one time by the distal tibia. After touching, animals (i) shifted
their SMs towards the position of contact and (ii) significantly decreased SM amplitudes. Over a period of
on average six seconds the movements shifted back to the initial position accompanied by a
simultaneous increase in amplitude. Because this targeted response outlasts a single stimulus by several
seconds it could be considered to involve a short term memory. The targeted response was generated by
changes in movements of both coxa -trochanter- and femur -tibia-joint. However, the stereotypic
coordination of joint movements was preserved in targeted searching movements. We explore the
neuronal mechanisms underlying searching movements and the targeted response by intracellularly
recording leg moto- and premotor interneurons. It appears that particularly local nonspiking-interneurons
(NSIs) can control searching movements. For example, individual NSIs, when depolarized, lead to
initiation of searching movements. Other NSls influence specific parameters of searching movements.
For example, a NSI that lead to an extension of the tibia when depolarized, influenced the amplitudes of
searching movements: by de- or hyperpolarizing the NSI for the time of several searching cycles, the
amplitudes of searching movements in the femur-tibia-joint were decreased or increased, respectively.
Currently, we investigate the role of specific NSlIs in the generation of searching movements and the
targeted response that we observe.
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Learning improves complex motor behaviors

Tammo Krause!, Roland Strauss’

1Johannes Gutenberg University Mainz, Zoology Neurobiology, Colonel Kleinmannweg 2, 55099 Mainz, Germany

Here we show that flies visually estimate the size of chasms in their way and engage in costly climbing
behavior only when they see a fair chance to surmount the gap (Pick & Stauss 2005). Body size in fruit
flies is not entirely genetically determined but depends also on environmental factors like food quality,
larval density and temperature regime. A 15% size variation is easily found among flies with the same
genetic background. Experienced small flies know about their disadvantage, because they abandon
attempts on gaps that their larger siblings from the same set of vials still attempt to climb. Freshly
hatched flies overestimate themselves but calibrate their decisions according to their actual body size
gathered from the visual feed-back of the retinal images of contrast edges during normal locomotion
(parallax motion). This is shown by exposing dark-reared flies to defined environments with dark and
bright stripes of selected pattern wave lengths. Climbing is not required for the calibration process.

Indeed, the decisions of learning defective dunce’- and rutabaga’- flies are independent of their
individual size. They try to overcome chasms which are clearly impossible to cross suggesting that the
information of body reach depends on the cAMP cascade. Mutant analysis and differential rescue
experiments via the GAL4/UAS - system revealed that this process is regulated by cAMP/PKA signaling
and activation of the transcriptional regulator CREB (Zars et al. 2000). The rutabaga encoded adenylyl
cyclase is not needed during the developmental stages. It is sufficient for the rescue of the behavioral

phenotype to provide rutabaga just acutely via GAL80'S-constructs (Mc Guire et al. 2003) during the adult
stage. Moreover, we have identified two sets of neurons in the central complex of Drosophila that are
involved in memorizing the peripersonal space of a fly.

This work is supported by EMICAB, an EU-funded project within FP7-ICT Cognitive Systems and
Robotics (grant 270182).

References:

McGuire SE, Le PT, Osborn AJ, Matsumoto K, Davis RL (2003) Spatiotemporal rescue of memory
dysfunction in Drosophila. Science 302:1765-1768.

Pick S, Strauss R (2005) Goal-driven behavioral adaptations in gap-climbing Drosophila. Curr Biol
15:1473-1478.
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Two Classes of Steps Revealed by the Natural Statistics
of Locomotion

Leslie M. Theunissen'2, Holger H. Bekemeier'2, Volker Diirr12

'Bielefeld University, Biological Cybernetics, Universitatsstr. 25, 33615 Bielefeld, Germany

2CITEC - Cognitive Interaction Technology - Center of Excellence, Bielefeld University, Universitatsstr. 25, 33615 Bielefeld,
Germany

Locomotion is controlled by a combination of central pattern generating mechanisms and sensory
mediated feedback. For analysing their relative contribution to natural stepping patterns, we need to
understand the behavioural variability of unrestrained locomotion. For example, insects often walk
regularly on horizontal surfaces, but stepping patterns become more variable during curve walking (Durr,
2005, J.Exp.Biol. 208:2253-2267), gap crossing (Blasing and Cruse, 2004, J.Exp.Biol. 207:1273-1286)
and climbing (Watson et al., 2002, J.Comp.Physiol.A 188:39-53). Here, we seek to identify features in
step parameter distributions that are invariant across species and leg types, but differentially affected by
behavioural context. Therefore, we recorded three species of stick insects (Carausius morosus, Aretaon
asperrimus and Medauroidea extradentata) during unrestrained walking and climbing on staircases of
different height, using a Vicon motion capture system. The data allowed us to reconstruct the whole-
body kinematics for several hours worth of unrestrained locomotion sequences, including the movement
of all three thorax segments, the head, eighteen leg joints, and the two antennae. The data were stored
in an SQL-based natural movement data base, using a generic entity relationship model for easy
interface with Matlab. Four walking/climbing conditions were used to assess the effect of walking
condition on kinematic parameters.

The first invariant feature we found is two distinct classes of steps. Step length distributions showed
always two peaks, independent of species or leg type. Using the local minimum between the two peaks,
step length distributions were separated into two classes of steps: short and long steps. The bimodal
distribution was well-described by the sum of a Gamma and a Logistic distribution for the modes
corresponding to short and long steps, respectively. Major parameters of both distribution functions
varied only little with walking condition, but the proportion of the two classes of steps changed: The
higher the stairs, the more short steps were observed. Their spatial occurrence and their different timing
suggested that short steps have different functional properties than long steps. Short steps were
observed most often near the edges of the stairs and typically occurred after very short ground contact.
Furthermore, their lift-off positions were located in the anterior third of the leg’s workspace. Step direction
of short steps was very variable and dependent on the lift-off position, whereas long steps were always
directed anteriorly. From their different functional and statistical properties, we conclude that stick insects
take two distinct classes of steps during locomotion, suggesting distinct underlying control mechanisms,
i.e., different involvement of central pattern generating mechanisms and proprioceptive feedback. Owing
to their prevalent occurrence after short stance periods, their anterior lift-off position and variable step
direction, we propose that short steps serve as corrective steps that strongly depend on sensory
feedback.

Supported by EU-project EMICAB (FP7-1CT-270182)
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A neural basis for spatial coordination of limbs:
descending interneurons in the stick insect antennal
mechanosensory system

Jan Marek Ache', Volker Diirr!2

'Bielefeld University, Biological Cybernetics, Universitatsstr. 25, 33615 Bielefeld, Germany

2CITEC - Cognitive Interaction Technology - Center of Excellence, Bielefeld University, Universitatsstr. 25, 33615 Bielefeld,
Germany

Many animals rely on their tactile sense for near -range orientation during locomotion. For example,
climbing stick insects (Carausius morosus) can adjust the touch-down positions of their front legs to
antennal contact positions on the obstacle climbed (Schitz & Durr, Phil.Trans.R.Soc.B, 2011). The
spatial coordination of antennae and legs provides a suitable experimental paradigm for investigating the
neural basis of an important aspect of adaptive locomotion: inter-segmental coordinate transfer between
limbs in general.

Here, we report results froma sample of more than 100 intracellular recordings of descending
interneurons (DINs) that mediate antennal proprioceptive information to thoracic networks and,
potentially, to the networks controlling leg movement. All DINs were recorded in the neck connectives
while the antennal pointing direction was altered by imposing movements of the distal antennal joint (SP
joint).

DINs were empirically separated into five groups based on their overall physiological properties: simple
position-sensitive DINs mediated the SP joint angle, dynamic position-sensitive DINs mediated the SP
joint angle during SP joint movement, unspecific movement-sensitive DINs fired additional spikes during
SP joint movement, and ON- and OFF-type velocity-sensitive DINs exhibited rises or decays of their
spike rate proportional to the SP joint angle velocity.

A data-driven analysis based on Principal Component Analysis (PCA) was used to evaluate the empirical
grouping of DINs. For this, PCA was applied to 60 arrays of simple selectivity measures for movement,
direction, and position, encoding the response properties of 60 DINs at different SP joint angle velocities.
The PCA revealed that the sample of DINs was most selective to antennal movement and position, with
direction selectivity being much less pronounced. Many DINs were sensitive to two or more stimulus
parameters. Most importantly, the five empirically derived DIN groups also clustered in PC space,
supporting the empirical grouping of DINs.

The population of velocity-sensitive DINs was characterized in more detail. OFF-type velocity-sensitive
DINs had a high baseline spike rate and were inhibited during SP joint movement, whereas ON-type
velocity-sensitive DINs (ONv) had a low baseline spike rate and fired during SP joint movement. ONvs
come in ipsilateral (iONv) and contralateral (cONv) descending types, with respect to the stimulated
antenna. The spike rates of both types varied linearly with the SP joint angle velocity between 4 and
800°/s. However, iONvs had a higher gain than cONvs. cONv stainings in different animals revealed very
similar branching patterns in the prothoracic ganglion, suggesting that the recordings stem from the same
DIN. cONv does not respond to ipsilateral antennal inputs, but does respond to substrate vibration.
Parallel recordings from cONv and a contralateral OFF-type velocity-sensitive DIN revealed that both
DINs responded to SP joint movement in an anticorrelated manner. ON- and OFF-type velocity-sensitive
DINs might thus form a push-pull mechanism for monitoring antennal movement velocity.

In summary, our results show that detailed information about antennal movement reaches thoracic
networks. This information potentially contributes to spatial coordination of antennae and legs during
adaptive locomotion.
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Influence of purinergic signaling onto the physiology
and pathophysiology of retinal (Muller) glial cells

Antje Grosche1, Thomas Pannicke1, Andreas Bringmannz, Andreas Reichenbach’

TPaul Flechsig Institute of Brain Research, Pathophysiology of Neuroglia, Jahnallee 59, 04109 Leipzig, Germany
2Department of Ophthalmology and Eye Clinic, University of Leipzig, Liebigstr. 10-14, 04103 Leipzig, Germany

Muller cells, the principal macroglia cell type of the sensory retina, fulfill typical housekeeping functions
such as the maintenance of the extracellular ion- and volume homeostasis. Apart from this, evidence is
accumulating that they actively modulate the neuronal information processing by the release of
gliotransmitters such as glutamate or purines (in particular, ATP and adenosine). In the pathologically
altered retina, Muller cells show typical changes in their physiological characteristics. Their pronounced
Kir4d.1 channel- mediated potassium conductance is reduced. They lose their capability of a highly
efficient cellular volume regulation and show an enhanced calcium response onto ATP-stimulation.
Recent studies demonstrate a key role of the Gg11-coupled ATP/ADP-sensitive P2Y1 receptor
expressed on Miller cells in the context of all of these processes. Activation of the P2Y1 receptor is
essential for an intact volume regulation in healthy Mdller cells and its stimulation by application of
exogenous ATP restores the capability of volume regulation in gliotic Muller cells. Using an enzyme-
linked assay to detect extracellular glutamate, we identified a P2Y1 receptor-dependent ATP-induced
glutamate release from single Muller cells which possibly resembles a positive feedback-mechanism in
their volume regulatory cascade. Additionally, this ATP-induced glutamate release might serve as basis
for glia-neuron-interactions during normal neuronal activity and during deregulated hyperexcitation. Since
the ATP response pattern of Muller cells is changed in the diseased retina and the P2Y1 receptor was
discussed to regulate the gliotic activation of glia cells, we included P2Y1 receptor- deficient mice in a
study on an ischemia/reperfusion model. Indeed, we found evidences of less pronounced gliotic changes
in the Muller cell physiology in P2Y1 receptor-deficient mice compared to the wild type controls. While
the Kir4.1 potassium channels were significantly down-regulated in wild type animals, they were still
functionally expressed at near normal levels in the P2Y1 receptor-deficient mice. These results further
support the idea of the P2Y1 receptor directly being involved in the modulation of the Muller cell reaction
onto pathological changes in the tissue. Ongoing experiments address the question whether the altered
glial activation affects the survival of surrounding neurons.

Taken together, these data underline the importance of purinergic signaling for the physiological
functions of Miuller cells in the healthy and diseased retina and delineate the P2Y1 receptor and
downstream signaling mechanisms as potent targets to manipulate specific Muller cell functions.
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Gliotransmitter release from retinal Muller glial cells

Lysann Wagner!, P.G. Haydon?, Andreas Reichenbach!, Antje Grosche'

"Medizinische Fakultat der Universitat Leipzig, Paul-Flechsig-Institute for Brain Research, Jahnallee 59, 04109 Leipzig,
Germany

2Depar’rment of Neuroscience, Tufts University School of Medicine, Boston, Massachusetts, USA

Muller cells, the principal glial cells of the retina, are crucial for the homeostatic and metabolic support of
retinal neurons. Furthermore, Muller cells are supposed to modulate neuronal function by glutamatergic
and purinergic signalling. A prerequisite for such kind of glia-neuron interaction is a tightly regulated, fast
release of transmitters from both neurons and glia cells. Previously, we examined how transmitter
release is involved in the volume regulatory signalling cascade of retinal Mdller glial cells. Growth factor-
stimulated release of glutamate, activation of metabotropic glutamate receptors and subsequent release
of adenosine -5'-triphosphate (ATP) are key steps of this pathway. Although the action of these
transmitters on Madaller cells is well described, little is known about release mechanisms. These
experiments provide first evidence that Muller cells are capable to release glutamate via regulated
exocytosis, while ATP is set free via alternative pathways. The most probable one appears to be the
opening of connexin hemi-channels. To further characterize the glutamate release from Muller cells we
used a fluorometric enzyme assay based on the Amplex® Red Glutamic Acid Kit to visualize glutamate
release from acutely isolated murine Muller cells. In combination with a transgenic mouse line that
expresses a dominat-negative SNARE (dnSNARE) protein to block the vesicular release of transmitters
we demonstrate glutamate release via exocytosis and at least one alternative calcium-dependent
pathway.
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Purinergic signaling in the cochlea

Gary D. Housley'2, Rachel Morton-Jones?, Ravindra S. Telang?3, Srdjan M.
VIajkovi02’3, Allen F. Ryan4, Peter R. Thorne?:3:5

1Physiololgy and Translational Neuroscience, School of Medical Sciences, University of New South Wales, UNSW Kensington
Campus, NSW 2052 Sydney, Australia, 2Department of Physiology and 3Centre for Brain Research, School of Medical
Sciences, University of Auckland, New Zealand, 4Departments of Surgery and Neurosciences, University of California San

Diego and VA Medical Center, La Jolla, CA 92037, USA, 5Section of Audiology, School of Population Health, University of
Auckland, Auckland, New Zealand.

There is extensive evidence for expression of many different types of purinergic receptors in the cochlea.
These include ionotropic P2X receptors, as well as metabotropic P2Y and P1 (adenoreceptors)
receptors, activated by purine and pyrimidine nucleotides and nucleosides (1). Most subtypes of these
receptor classes are broadly expressed in the cochlear partition, including the sensory hair cells and
supporting cells of the organ of Corti, as well as Reissner's membrane. The P2X, receptor is prominent

amongst the signal transduction elements strongly expressed in these structures, based upon mRNA and
protein localization. This receptor is one of seven P2X subtypes, representing subunits that can form an
ATP-gated ion channel via homo- or heteromeric assembly in a trimeric configuration. The P2X,

receptor type ATP-gated ion channel is characterised by being selectively activated by ATP over other
nucleotides and nucleosides and exhibits sustained activation in the presence of ATP, with potent non-

selective cation conductance (including Ca?* entry). ATP is known to be released into the cochlea when
sound levels are elevated (2), and therefore this ligand is available to activate P2X, receptors. Using a

transgenic mouse model null for the P2X, receptor (P2X2KO), we investigated the potential contribution
of the P2X, receptor to known purinergic signaling properties in the cochlea. Using whole-cell patch

clamp, we characterised the membrane conductances of inner and outer hair cells and Reissner’s
membrane epithelial cells isolated from the cochleae of wildtype and P2X2KO mice and found a
substantial loss of ATP-activated inward currents in the cochlear cells from the knockout mice compared
with the controls. Complementing this, we undertook measurements of the cochlear partition resistance
in urethane anaesthetised wildtype and P2X2KO mice before, during and after microinjection of ATP into
the endolymphatic compartment (facing the apically-localized P2X, receptors). We found substantial

changes in CoPR in the wildtype mice, but not the P2X2KO mice, suggesting that P2X, receptors are a

prominent element of the purinergic modulation of the CoPR and endocochlear potential. This is
consistent with a role for purinergic signaling in modulating the electrochemical driving force for sound
transduction, which likely reduces hearing sensitivity. ATP and other purine and pyrimidine species may
complement this signaling via P2Y and P1 receptors to affect hearing function and serve as otoprotective
pathways to preserve hearing function with acoustic overstimulation. Experiments were performed with
approval from the University of Auckland and University of New South Wales animal ethics committees.
Funded by National Health and Medical Research Council of Australia grant 630618 (G.H., A.R.); the
Health Research Council of New Zealand and Deafness Research Foundation of New Zealand (P.T.,
G.H., S.V.); the Marsden Fund (Royal Society of New Zealand) (G.H.) and the VA Research Service and
NIH grant DC000139 (A.R.).

1. Housley, G.D., Bringmann, A., Reichenbach, A. Purinergic signaling in special senses. TINS 32,128-
141 (2009).

2. Mufoz, D. J., Kendrick, I. S., Rassam, M. & Thorne, P. R. Vesicular storage of adenosine triphosphate
in the guinea-pig cochlear lateral wall and concentrations of ATP in the endolymph during sound



exposure and hypoxia. Acta Otolaryngol 121, 10-15. (2001).
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Purinergic signalling in the olfactory bulb

Daniela Hirnet'

1University of Hamburg, Neurophysiology, Biocentre Grindel, Martin-Luther-King Platz, 20146 Hamburg, Germany

The olfactory bulb is one of the brain regions with the highest expression of proteins belonging to the
purinergic transmitter system, yet it is not much known about the role of ATP and its metabolites in
cellular communication or signal processing in this area. We could show that purines exert their functions
at different levels of the olfactory pathway. Recently, we demonstrated that ATP is released along the
axons of the olfactory receptor neurons on the way to their target glomeruli. This ectopic release, far
away from any synapse, activates olfactory ensheathing glia in the adjacencies which are thought to
support the axonal outgrowth and path-finding of newly built sensory neurons. Furthermore, ATP is used
by the sensory neurons at the nerve terminal as co-transmitter with glutamate and activates astrocytes of
the glomerular layer via P2Y1 receptors. In addition, ATP is degraded to adenosine and activates
astrocytic A2A receptors. However, ATP is not only a regulator of neuron-glia interaction in the olfactory
bulb, but is also modulating neuronal communication. We could reveal the sensitivity of the neuronal
network to purinergic tuning by photolytic release of caged ATP, mimicking synaptic ATP release. The
activation of P2Y1 receptors on glutamatergic neurons leads to an increase of network-activity,
suggesting a role of the co -transmitter ATP in the regulation of the susceptibility of the network to
incoming signals. On the other hand, we could demonstrate that after degradation to adenosine and
activation of A1 receptors on mitral cells, the network activity is dampened, implying a bidirectional role of
ATP and its metabolites in fine-tuning the processing of sensory signals.
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A4 receptor-mediated modulation of neuronal network
activity in the olfactory bulb

Natalie Rotermund’

1Univers,ity of Hamburg, Neurophysiology, Martin-Luther-King Platz 3, 20146 Hamburg, Germany

Neuromodulation by ATP, ADP and adenosine is unique with regard to its complexity and specificity,
achieved by tissue -specific combinations of transmitters with a variety of receptor subtypes, second
messenger systems, transporters and enzymes. ATP and its metabolites, in particular adenosine, are
ubiquitous co-transmitters and neuromodulators, participating in synaptic transmission as well as in
neuron-glia interactions. Proteins associated with the purinergic signalling system are highly expressed in
the olfactory bulb of rodents, suggesting purinergic modulation of olfactory information processing. In the
present study, we focus on the effect of adenosine on the neuronal network activity in the olfactory bulb.
We monitored the activity of olfactory bulb neurons by recording postsynaptic whole-cell currents of mitral
cells, the output neurons of the olfactory bulb. Bath application of adenosine reversibly reduced the
frequency of spontaneous synaptic inputs in mitral cells. DPCPX, a specific antagonist of the A receptor

subtype, blocked the effect of adenosine. We used paired -pulse stimulation of receptor axons and
imaging of vesicle fusion in OMP-synapto-pHIuorin mice to test the effect of adenosine on synapses
between receptor axons and mitral cells. Adenosine neither changed the amplitude of the EPSC
response nor the paired -pulse ratio as compared to control stimulations. Similarly, vesicle fusion in
presynaptic structures of ORNs did not change in the presence of adenosine. In contrast, analyses of
mitral-to-granule cell connections suggest an influence of adenosine on the performance of this dendro-
dendritic synapse. Current clamp recordings show a direct hyperpolarising effect of adenosine and a
reduction of the excitability of olfactory bulb mitral cells. These effects seem to be mediated by the
activation of a potassium conductance by A4 receptors. Morphological and physiological evidence

indicate that A 1 receptors are located on mitral/tufted cells and affect other olfactory bulb neurons
indirectly by decreasing the excitability of these major output neurons.

Financial support for this project is permitted by the DFG (Lo779/6).
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Purinergic signaling in the olfactory epithelium

Colleen Cosgrove Hegg1
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In the olfactory epithelium, extracellular ATP is released constitutively by vesicular secretion, hemi-
channels, transporters, and also following cell damage. ATP activates P2X and P2Y purinergic receptors
located on multiple cell types, evoking inward currents and increases in intracellular calcium. Purinergics
have multiple roles in the nasal olfactory epithelium which will be discussed. (1) Extracellular ATP
modulates sensitivity of neurons to odorants at the level of the olfactory epithelium, thereby contradicting
a longstanding dogma that modulation was only at the level of the olfactory bulb. (2) Extracellular ATP
induces the expression of heat shock proteins via purinergic receptor activation, suggesting a role in
stress signaling. (3) Extracellular ATP induces the synthesis and release of multiple growth and trophic
factors, including ATP, neuropeptide Y and fibroblast growth factor 2, suggesting a role for the regulation
of neurogenesis and cell survival. (4) ATP reduces apoptosis. (5) In the adult olfactory epithelium,
neurogenesis normally occurs to a small extent to replace a few olfactory neurons that have died. When
there is significant chemical, infectious or traumatic damage to the olfactory epithelium, the rate of
neurogenesis accelerates. Extracellular ATP increases proliferation of basal progenitor cells via
activation of purinergic receptors and subsequent release of growth factors. ATP also induces progenitor
cell differentiation into both neurons and glial-like sustentacular cells. Constitutive release of ATP
maintains a population of progenitor cells and thus has a role in tissue homeostasis. Treatment with ATP
post-injury significantly potentiates cell proliferation whereas treatment with purinergic receptor
antagonists significantly compromises cell proliferation. Collectively, these data suggest purinergic
signaling in the olfactory epithelium has broad roles in sensory transduction, regulation of tissue
homeostasis and regenerative neurogenesis following injury, and the promotion of neuronal survival.
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Challenges in the statistical modeling of collective
dynamics in neuronal ensembles

Wilson Truccolo?

"Brown University, Neuroscience, 185 Meeting St, 02912 Providence, USA

| will review several challenges in the modeling and analysis of stochastic neuronal network dynamics
based on multivariate point process observations. | will discuss implementation and interpretation issues
regarding the fitting of conditional intensity functions in the contexts of measured covariates and latent
state-space models. In addition, | will present new applications of conditional inference to the analysis of
neuronal dynamics during seizures in people with intractable epilepsy.
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Linking the Spatial Structures of Precise Spike
Synchronization and Local Field Potentials in Motor
Cortex

Michael Denker?!, Thomas Brochier?, Alexa Riehle?4, Sonja Grin-34

Tnstitute of Neuroscience and Medicine (INM-6), Computational and Systems Neuroscience, Jilich Research Center, Jilich,
Germany

2|nstitut de Neurosciences de la Timone (INT), UMR 7289, CNRS - Aix Marseille Univ., Marseille, France
3Theoretical Systems Neurobiology, RWTH Aachen Univ, Aachen, Germany
4RIKEN Brain Science Institute, Wako-Shi, Japan

In primary motor (MI) and premotor (PM) cortex, local field potential (LFP) oscillations in the beta
frequency range (15-30 Hz) during an instructed delay [1] tend to display wave -like characteristics
across the cortical surface [2]. On the spiking level, we observe temporally precise excess coincident
spikes between simultaneously recorded neurons in direct relationship to the behavioral paradigm [3].
Excess coincidences are identified by the Unitary Event analysis method [4] which compares the
distribution of empirical coincidence counts to the expectation given by the neuronal firing rates. We
review our recent findings that this expression of synchronization in the conceptual framework of
neuronal assemblies exhibits a tight phase relationship to the LFP oscillation that cannot be explained on
the basis of the phase preference of individual neurons [5]. Moreover, we demonstrate that co-varying
firing rate modulations on the time scale of beta oscillations cannot account for the preferred locking of
excess spike coincidences to the LFP phase.

Here, we investigate the spatio-temporal organization of spike synchronization across cortical distances
on the order of observed space constants of the beta activity, and establish its relationship to the wave-
like properties of the population dynamics. Two monkeys were trained to press a switch with one hand,
and then to grasp and pull an object using either a Side Grip or a Precision Grip. The force on the object
could be either low or high. To allow the monkey to prepare the movement, during grip-precue sessions
the grip type was revealed using a visual cue at the beginning of an instructed delay of 1 s preceding the
GO signal. In contrast, the force information was encoded by the GO signal itself. For force-precue
sessions, the order of grip and force cues was reversed. LFP and single unit activity were recorded from
96 electrodes in parallel using a chronically implanted Utah array (Blackrock Microsystems, Salt Lake
City).

We compute spike correlations between all pairs of single units on distinct electrodes (distances 0.4-5.7
mm) using the Unitary Event analysis [4] in a time -resolved manner. Time periods of significant
correlations are transformed into a dynamic graph of functional connectivity between neurons. By
mapping the neurons back onto cortical space, we analyze the connectivity matrix as function of
temporal, spatial, and directional parameters in relation to the behavioral task. We find that the likelihood
of synchronized spiking is behaviorally modulated in time, and decreases with distance of the neurons.
Finally, we link the spatial distributions of spike synchrony and LFP beta oscillations (cf. poster by Zehl et
al.) and discuss our findings in relation to occurrences of higher order spike patterns (see poster by Torre
et al.).

Acknowledgments: This work was partly supported by Helmholtz Alliance on Systems Biology, European
Union (FP7 -I1CT-2009-6, BrainScaleS), Neuro_IC2010, CNRS -PEPS, Riken -CNRS Research
Agreement.
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Provenance tracking for complex data analysis
workflows in neuroscience

Andrew P. Davison’

TUNIC, Centre National de la Recherche Scientifique, 1 avenue de la Terrasse, 91198 Gif sur Yvette, France

Experimental protocols in neuroscience are often highly complex, the source of complexity being multi-
dimensional stimuli, multi-modal and/or highly parallel recording methods, behaviour, or any combination
of these.

Data analysis inherits this unavoidable complexity, and may add further
complexity due to heterogeneity of data formats and software tools, multiplicity of statistical tests, and
inter-disciplinary collaboration.

Given this complexity, there are many places between the original experiment and publication of the
results where error can creep in, so that meticulous record keeping is essential, to be able to
demonstrate precisely how, through all the intermediate steps, a given result was obtained from the
original data, and to be able to reproduce the analysis six months or six years later.

Such scrupulous record keeping, or provenance tracking, is time consuming and error-prone when done
by hand. A number of software tools are available to assist with provenance tracking in computational
science. In this talk | will review a number of these tools, with particular emphasis on their suitability for
complex analyses of highly-parallel electrophysiology data.
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Object or grip type representation? A comparative
population study of macaque hand grasping areas AlP,
F5, and M1

Stefan Schaffelhofer!, Hansjérg Scherberger?

1German Primate Center GmbH, Neurobiology, Kellnerweg 4, 37077 Gottingen, Germany

In the primate brain, the hand area of the primary motor cortex (M1), the ventral premotor cortex (area
F5), and the anterior intraparietal area (AIP) are crucial for the planning and execution of hand and finger
movements.

To investigate the visual and motor representation in these areas, we trained macaque monkeys to grasp
55 different objects in a delayed grasping task. The monkey first placed its hand at rest and fixated a red
LED before a randomly selected object was presented for grasping (cue epoch). The animal then had to
withhold movement execution until, after a short delay (planning), the fixation LED dimmed. Spiking
activity was recorded on 192 channels using chronically implanted electrode arrays while arm and finger
kinematics (27 degrees of freedom) were recorded with a novel instrumented glove (Schaffelhofer et
Scherberger, 2012). For correlating hand kinematics with activity of the neuronal population, we extracted
the mean firing rates of all recorded cells and determined the principal components of the neuronal
population activity in specific task epochs. To describe the difference of the neuronal population in the 44
grasp conditions, we performed a cluster analysis and calculated the Mahalanobis distance (MD)
between individual pairs of grasp conditions. Similarly, the same analysis was applied to the population
of joint angles of the hand kinematics.

Expressing all MDs in a distance matrix then allowed correlating the neuronal population activity in AlP,
F5, and M1 with each other as well as with the hand kinematics. Using the Pearson Correlation
coefficient (r), we could determine that M1 and F5 reflect hand kinematics best during motor planning
(r=0.5) and execution (r=0.64). In comparison, hierarchical clustering revealed a predominant tuning of
AIP to visual object features. Furthermore, between -area correlations were consistent with a strong
collaboration of AIP and F5 for visuomotor transformation and of F5 and M1 during motor execution.

These results demonstrate for the first time clearly distinct roles of AIP and F5 for the sensorimotor
transformation of hand grasping action at the population level.
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Identification of Associated Cell Assemblies in the
Interconnected Brain Regions of the Hippocampus and
the Entorhinal Cortex

Jozsef Csicsvari'

TInstitute of Science and Technology (IST) Austria, Systems Neuroscience, Am Campus 1, 3400 Klosterneuburg, Austria

In the hippocampus new cell assemblies are formed as a result of spatial learning. The activity patterns
of these cell assemblies are reactivated in sleep and this process is thought to be involved in memory
consolidation. This sleep reactivation-associated memory consolidation process would involve transfer of
mnemonic information from the hippocampus to its gateway structure the entorhinal cortex. We have
recorded data in parallel in both of these regions to test whether reactivated hippocampal assembly
patterns are transferred to the EC during sleep. The talk will show different assembly analysis-based
approaches to demonstrate the transfer.
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Using large scale recordings in in primate ventral visual
pathway to investigate signal routing by interareal
gamma-band synchronization

Iris Grothe!, Simon David Neitzel 2, David Rotermund?3, Sunita Mandon'-2, Udo
Alexander Ernst2’3, Klaus Richard Pawelzik2’3, Andreas Kurt Kreiter!-2

1University of Bremen, Theoretical Neurobiology, Hochschulring 16a, 28359 Bremen, Germany
2University of Bremen, Bernstein Group for Computational Neuroscience, Hochschulring 18, 28359 Bremen, Germany
3University of Bremen, Institute for Theoretical Physics, Hochschulring 18, 28359 Bremen, Germany

4Ernst Struengmann Institute for Neuroscience in Cooporation with Max Planck Society, Fries Lab, Deutschordenstrasse 46 ,
60528 Frankfurt am Main, Germany

A neuron receives synaptic input from thousands of other neurons. Successful processing of a specific
content requires selection of the relevant signals, while suppressing irrelevant ones. This need for signal
selection is particularly evident in visual cortex. Due to convergence, neurons in downstream areas have
progressively larger receptive fields (RFs) than neurons in upstream areas. Their inputs deliver a mixture
of behaviorally relevant signals and a great number of signals representing behaviourally irrelevant
objects. In order to dynamically route the set of relevant signals through processing pathways, a fast and
flexible mechanism is needed for changing effective connectivity between neurons and subsets of their
inputs. Gamma-band synchronization fulfils these requirements and has thus been proposed to underlie
selective information routing.

Here, we investigate if selective attention can dynamically change the interareal gamma-band synchrony
between neurons in V4 and different subsets of their inputs from V1. We used large scale recordings in
two macaque monkeys and recorded neuronal activity in area V1 and V4 simultaneously. In V1 we used
chronical arrays to cover a large part of the cortex and only obtained local field potentials (LFPs). In V4
we used acute electrodes, by which we obtained single-, multi-unit activity and LFPs. The monkeys had
to attend to one of two continuously morphing shapes and respond to reoccurrence of the initial shape in
the attended stream, while maintaining their gaze on a fixation spot. Size and position of the shapes were
adjusted such that both fit into a single V4 RF while covering two separate, non-overlapping V1 RFs. In
order to demonstrate a direct link between selective interareal gamma-band synchronization and signal
transfer we added “tractable information” on the stimuli. Every 10ms, the brightness of the filled shapes
was randomly changed, independently for each stimulus. We computed spectral coherence between
stimulus brightness and the LFPs as a measure of the effective contribution (EC) of each stimulus to the
neuronal activity in V4. The EC serves as a direct and unambiguous quantification of coupling in terms of
linear causation.

We found strong phase -coherence of gamma -band LFP between the V4 population and the V1
subpopulation representing the behaviourally relevant stimulus. At the same time, phase-coherence
between this V4 population and the V1 subpopulation representing the non-relevant stimulus was only
weak. This pattern could not be explained by changes in gamma-band power in V1 or V4. As expected,
strong gamma-band LFP synchronization between the V4 population and the V1 input subpopulation
was accompanied by a high EC of the attended stimulus to the V4 LFP. Simultaneously, the EC of the
non-attended stimulus was several times lower. A switch in attentional locus was accompanied by a
reversal of the stimuli’'s ECs to the V4 LFP. Moreover, we found dynamical coherence patterns even on
the single neuron level: also the spike field coherence of V4 neurons with the gamma-band LFP of V1
was modulated by behavioral relevance of the stimulus.

Altogether, our study shows convincingly that interareal gamma-band synchrony is directly related to the



selective routing of attended stimulus signals through the visual cortex and thus supports the hypothesis
that oscillatory synchrony between areas underlies the routing of information throughout neuronal
processing systems.
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Neuronal correlates of visual processing and perception
revealed by VSDI in behaving monkeys

Hamutal Slovin'

Bar llan Univ., Gonda Brain Research Center, North Campus, 52900 Ramat Gan, Israel

Visual processing shows a highly distributed organization, in which the presentation of a visual stimulus
simultaneously activates neurons in multiple columns across several cortical areas. It has been
suggested that precise spatio-temporal activity patterns within and across cortical areas play a key role in
higher cognitive, motor and visual functions. In the visual system, these patterns have been proposed to
take part in binding stimulus features into a coherent object, i.e. be involved in perceptual grouping. Using
voltage-sensitive-dye imaging (VSDI) in behaving monkeys, we simultaneously measured neural
population activity in the primary visual cortex (V1) and extrastriate cortex (V2, V4) at high spatial and
temporal resolution. We detected time-point population events (PEs) in the VSDI signal of each pixel and
found they reflect transient increased neuronal activation within local populations by establishing their
relation to spiking and LFP activity. Then, we searched for repeating space and time relations between
the detected PEs. We demonstrate that: (i) spatio-temporal patterns occurring within (horizontal) and
across (vertical) early visual areas repeat significantly above chance level; (ii) information carried in only
a few patterns can be used to reliably discriminate between stimulus categories on a single-trial level; (iii)
the spatio-temporal patterns yielding high classification performance are characterized by late temporal
occurrence and top -down propagation, which are consistent with cortical mechanisms involving
perceptual grouping.

The pattern characteristics and the robust relation between the patterns and the stimulus categories
suggest that spatio-temporal activity patterns play an important role in cortical mechanisms of higher
visual processing
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Deletion of p75 receptors induces specific effects
within the hippocampal formation

Oliver von Bohlen und Halbach, Ruben Busch1, Miriam Vogt2, Robert Poser1, Marian
Baldus1, Peter Gassz, Martin Dokter’

TErnst Moritz Arndt Universitét Greifswald, Institut fir Anatomie und Zellbiologie, Friedrich Loeffler Str. 23c, 17487 Greifswald,
Germany

2Zentralinstitut fir seelische Gesundheit (Z1), J5, 68159 Mannheim, Germany

In vivo the p75 receptor is expressed in two splice variants, a full-length version and a truncated isoform,
which lacks the neurotrophin binding site. Two knockout mice are available: in p75ExIIl knockouts the
full-length receptor is deleted, whereas in p75ExIV knockout both, the full -length and the truncated
isoform are not expressed. These two knockout lines provide the opportunity to distinguish the possible
roles of these two p75 receptors. The p75 binds all neurotrophins with low affinity. Depending on co-
signaling with the high affinity trk-receptor and the availability of neurotrophins, p75 can signal survival
and differentiation but also cell death. Since the p75 is highly expressed in the dentate gyrus (DG) and
since the DG is a structure capable of spinogenesis and adult neurogenesis, we tried to identify possible
roles of the p75 in these processes.

Using different markers for specific stages of adult neurogenesis, we could e.g. demonstrate an increase
in the number of differentiated doublecortin-positive cells in the granule layer of the DG in p75 knockout
mice. Measurement of spine densities in Golgi-stained sections revealed an increase in spine densities
in the DG by comparing knockout and wildtype mice. Concerning possible roles of the p75 in apoptosis,
we used active-caspase3 as antigen and could demonstrate a decreased number of active-caspase3-
cells in the DG of knockout mice. Since the hippocampus is highly innervated by the cholinergic system,
originating from e.g. the medial septal nuclei and since it is still a matter of debate whether there is a
substantial loss of cholinergic fibers in the hippocampus during aging, we evaluated the involvement of
p75 on the density of the cholinergic fibers in the hippocampus. To analyse the cholinergic fiber density
(CFD) within the hippocampus we used adult and aged p75 deficient mice and their controls. The
comparison of adult and aged wildtype mice revealed no significant age-related decrease in the CFD. On
the contrary, our data indicate that both knockout lines showed increased CFD which, in case of
p75ExIV, persisted with aging. To investigate whether p75 deficiency has an impact upon behavior, we
designed a series of behavioral tests, including Open Field, Dark/Light Box, T-Maze, Holeboard, Morris
Water Maze and Fear Conditioning. We only analyzed p75ExIIl mice, since p75ExIV had to be precluded
due to severe ataxia, which is familiar with this line. The p75ExIll knockout mice showed increased
locomotor activity, altered exploratory behavior and decreased anxiety in the Open Field and the
Dark/Light Box. Performance in the Water Maze was impaired in the probe trial. Thus, we could show
that deficiency of p75 affects some, but not all, hippocampus dependent behavioral tasks and induces
specific morphological alterations in the hippocampus. Moreover, we were able to demonstrate that
p75ExIV knockout mice show specific alterations in adult neurogenesis that were not seen in p75EXxIll
knockout mice.

Supported by the DFG (BO 1971/5-1).
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Developmental Dynamics of Igf-signaling in cortical
progenitors: Control of and through Forkhead
transcription factors

Tanja Vogel, Shalaka Wahane', Riccardo Vezzali!, Stefan Weise', Kathrin
Thedieck2’3'4, Kerstin Krieglstein1

1AIbert-Ludwigs-University Freiburg, Anatomy and Cell Biology, Molecular Embryology, Albertstr. 17, 79104 Freiburg/Breisgau,
Germany

2AIbert-Ludwigs-University Freiburg, Institute for Biology Ill, Bioinformatics and Mol. Genetics
3AIbert-Ludwigs University Freiburg, BIOSS Centre for Biological Signalling Studies Freiburg
4AIbert-Ludwigs University Freiburg, Center for Systems Biology (ZBSA)

Insulin as well as Insulin-like growth factors 1 and 2 (Igf1, 1gf2) are expressed during brain development.
It has been recognised that early brain development is accompanied by higher Igf1 levels compared to
Igf2. Later time points show opposing gradients, implicating that Igf2 has prominent roles in the adult
while development is dominated by Igf1. However, precise data on establishment and function of this
dynamic expression during mouse brain development is lacking. We show that Igf1 and 2 have distinct
gradients of expression levels in developing cortical cells, that result in time-dependent differential
activation of downstream signalling pathways. Using cortical cells of different developmental time points
and isolated from different mouse mutants with defective Tgf3-signalling pathway or FoxG1-transcription
factor, we elaborate a novel regulatory mechanism that establishes Forkhead transcription factors not
only as downstream targets of PI3-Akt-signalling but also as regulators of Igf ligand expression and
potential Igf bioavailability. Our results shed new light upon the Smad/FoxO/FoxG1-dependent
transcription that has been elucidated in keratinocytes but which was so far not investigated in primary
cells that express these transcriptional regulators under physiological conditions. In this context we did
not confirm p21/Cdkn1a as primary target for Smad-dependent transcription.
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Migratory behavior of dentate granule cells
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Neuronal migration is an important step in brain development. Reelin, an extracellular matrix protein, is
required for proper neuronal migration. Previous research mainly focused on the migration of neurons in
the neocortex and little is known about the migratory behavior of granule cells in the dentate gyrus.
Newly generated granule cells have to migrate to find their positions in the network of the dentate gyrus.
In the present study, POMC-EGFP mice were used to identify newly generated dentate granule cells in
slice cultures of hippocampus and to monitor their migratory behavior using real-time microscopy. We
studied the migratory behavior of dentate granule cells in wild-type mice and reeler mutants deficient in
Reelin, focusing on potential differences between genotypes in cell morphology, cell motility, migration
direction and migration velocity. Newly generated granule cells of the dentate gyrus showed typical
morphological features of migrating neurons with a long radially oriented leading process and a short
trailing process, reminiscent of migrating neurons in the neocortex. The migration direction was towards
the granule cell layer. During their migratory period, the motility of newly generated granule cells in reeler
was clearly reduced when compared with wild-type granule cells and the cells did not show a preferred
orientation of their migratory route.

Our results indicate that the migratory behavior of newly generated dentate granule cells in reeler
mutants differs from that in wild-type mice, resulting in abnormal positioning and a scattered distribution
all over the dentate gyrus. Moreover, our results provide evidence for Reelin playing a key role in the
directed migration of granule cells in the dentate gyrus.

(Supported by the DFG: FR 620-12/1)
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A differential proteome analysis of the olfactoric bulb,
cerebellum and cerebral cortex of rats indicates
changes of protein expressions during development.

Michael Wille, Oliver Schmitt!, Grit Lessner!, Antje Schiimann®, Norbert Ulfig!, Stefan
Mikkatz, Michael Kreutzerz, Michael Glockerz, Andreas Wree'
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Many neurological disorders are caused by changes in the expression of proteins during brain
development. Though, these variations in the developing proteome are not fully understood.

In this study, Wistar rats were used for the standardized experiments. To analyze the different expression
of proteins during development, three brain regions (olfactoric bulbus, cerebellum and cerebral cortex)
were removed at three postnatal time points (7 days (P7), 90 days (P90) and 637 days (P637)). The total
homogenates of brain regions (protein concentration 575 ug / ml) were separated by two-dimensional gel
electrophoresis (2-DE) followed by a differential spot analysis. Proteins in spots with a differential
expression were identified by MALDI-TOF-MS.

Most differential expressions of proteins of these regions were found in the period during P7 and P90
whereas changes in protein expression also could be observed at P637. Furthermore, differences in
regulation and the total amount of expressed proteins between the three regions were detected.
Especially proteins for carbohydrate metabolism, protein biosynthesis, regulatory proteins and structural
proteins were expressed differentially during development.

It could be shown that proteins which are important for synaptic plasticity and activity like synapsin-2, a
protein involved in vesicular transport of specific neurotransmitters is absent in P7. Also other proteins
with axonal locations turn out to be developmentally regulated. The protein tubulin beta 2A is absent in
P7 and tubulin folding cofactor B in P90. They are localized in growth cones of outgrowing axons during
neurogenesis where they are required for microtubule dynamics and plasticity. Moreover, a differential
regulation of sumo activating enzyme subunit 1 could be shown at early stages, which indicates an
increased sumoylation which also plays a role during neuronal development and function.

Additionally, it could be demonstrated that proteins of other categories, e.g. chaperones, proteins
involved in antioxidative mechanisms, transport proteins and degrading proteins display differences in
their expression.

In conclusion, age related changes of proteins with axonal and synaptic locations or functions were found
in P7, P90 and P637. These findings may indicate long-term development processes and/or neuronal
plasticity that are still ongoing even in adult rats.
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The (pro)renin receptor /| ATP6ap2 is expressed in the
murine hippocampus by adult and newly generated
neurons and is involved in adult hippocampal
neurogenesis
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The (pro)renin receptor ((P)RR) is a single transmembrane domain receptor that has been shown to be
involved in developmental processes. Recent data from Drosophila and Xenopus revealed essential
functions in cellular physiology and signaling during fetal brain development.

In 2010, Cruciat and colleagues demonstrated that the (P)RR is capable of binding V-ATPase subunits
and is required for V-ATPase mediated acidification of Wnt signaling in embryonic development. Adult
neurogenesis shares many similarities with fetal and embryonic neuronal development, but is restricted
to some brain areas, including the hippocampus. We investigated the expression of the (P)RR within the
adult hippocampal formation and during different stages of adult neurogenesis within the dentate gyrus
(DG). Furthermore we developed a mouse model possessing a DG-specific knockdown of the (P)RR
protein using RNAi-based lentiviral (LV) approaches to perform functional analysis of adult neurogenesis.

To examine the expression of the (P)RR/ATP6ap2 during different stages of adult neurogenesis, we
used appropriate markers, including SRY-related HMG-box gene 2 (Sox2), phosphohistone H3 (pH3),
doublecortin (DCX) and neuron-specific nuclear protein (NeuN). Digital-image analysis-assisted manual
counts of one-in-12 series of sections were made using Imaged (NIH, USA). For co-localizing
experiments, a LSM confocal imaging system (Leica TCS SP5) was used. For loss-of-function studies 1
ul of vector concentrate (LV-(P)RR-shRNA vs. LV-NTC-GFP) was stereotactically injected into the right
hippocampal DG of adult male C57BI/6J mice. Areas infected by LVs were identified by the expression of
GFP four weeks after infection. Forin vivo neurogenesis experiments we counted DCX - and pH3-
positive cells in a one-in-six series of 30 ym thick sections throughout the rostrocaudal extend of the
infected granule cell layer.

We could demonstrate that the receptor is predominantly expressed by neuronal cells in all subregions of
the hippocampus, including the DG. The (P)RR was not expressed by stem cells or progenitor cells, as
indicated by the absence of colocalisation with Sox2. However, (P)RR protein was detected in DCX-
positive cells located both in the subgranular zone (SGZ) and in the granular layer of the DG, indicating
that (P)RR is expressed by cells belonging to the neuronal lineage. The majority of neurons expressing
(P)RR protein were NeuN-positive, indicating that (P)RR is mainly expressed by adult granule cells within
the DG.

Referring to our mouse model, we could demonstrate that the injected lentiviruses exhibited the
presumed cell tropism within the hippocampus. Both, Sox2-positive cells in the SGZ probably belonging
to the pool of progenitor cells as well as proliferating pH3-positive cells were infected, indicated by the
expression of the GFP reporter. Current results indicate that mice injected with LV-(P)RR-shRNA reveal
a marked reduction in the number of DCX-positive neuroblasts per mm? infected area as compared to
those injected with the control vector LV-NTC-GFP (non-target-control), whereas the number of pH3-
positive cells remained unaffected. Together, these data suggest that the (P)RR may play a role in late
stages of adult hippocampal neurogenesis.
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Direct differentiation of human IPS cells into self-
renewing neural progenitors by small molecules

Raul Bukowiecki, J. Adjaye2’3, A. Prigione1’3
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Here, we report a rapid and feasible method to derive self-renewing neural progenitor cells (NPCs) from
human pluripotent stem cells. The approach adapted from Li et al.(1) gives comparable results using
human embryonic stem cells (ESCs) and human induced pluripotent stem (iPS) cells generated from
fibroblasts (2). The protocol exhibits major advantages in comparison to standard approaches. First, it
does not require the formation of embryoid bodies (EBs). Second, itis operator -independent, as it
bypasses the need for tedious manually isolating neural rosettes.

The combination of, human leukaemia inhibitory factor (hLIF), a GSK3R inhibitor (CHIR), and a TGFR}
inhibitor (SB) in chemically defined media is sufficient to induce the conversion of iPS cells to highly
proliferating NESTIN-positive NPCs (98 %).

Inhibition of basic fibroblast growth factor (FGF) has been found important in driving neuronal conversion
(3). Interestingly, FGF withdrawal coupled with the small molecule cocktail appears capable to efficiently
derive NPCs. Importantly, the obtained NPC population shows distinct morphological changes within a
very short time (7-10 days). NPCs could be cultured over several passages without loss of proliferation
(split 1:10) as well as differentiated into TUJ1-positive neurons.

Overall, NPCs represent an inexhaustible source of neurogenic tissue exhibiting developmental potential
for multiple neuronal subtypes after treatment with morphogens like retinoic acid (RA), sonic hedgehog
(SHH), or FGF8. Further, the application of small molecules guaranties high reproducibility and genomic
stability. Thus, after non-viral generation of iPS cells from patients, small molecule-based derivation of
NPCs displays an advantageous approach to generate neurons with positional effect-free phenotypes for
disease modelling.

(1) Lietal.(2011), PNAS, Vol. 108, 8299-8304
(2) Prigione et al.(2011), Stem Cells, Vol. 29, 1338-1348
(3) Greber et al.(2011), EMBO Journal, Vol. 30, 4874-4884
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Neuronal differentiation of human induced pluripotent
stem cells and establishment of appropriate analysis
methods

Sandra Horschitz, Friederike Matthaus', Jochen Utikal?, Patrick Schloss', Andreas
Meyer-Lindenberg1

TCentral Institute of Mental Health, Department of Psychiatry, Medical Faculty Mannheim/Heidelberg University, Mannheim,
Germany

2Skin Cancer Unit, German Cancer Research Center (DKFZ), Heidelberg, Germany, and Department of Dermatology,
Venereology and Allergology, University Medical Center Mannheim, Medical Faculty Mannheim/Heidelberg University,
Mannheim, Germany

Induced pluripotent stem cells (iPSCs) can be generated from several differentiated mouse and human
cell types through ectopic expression of transcription factors such as Oct4, Sox2, KIf4 and c-Myc. iPSCs
have the features of embryonic stem cells including immortal growth and pluripotency, measured by their
ability to differentiate into multiple cell types in teratomas and their contribution to germline-competent
chimeras in mice. Patient-derived iPSCs provide an ideal source for studying complex diseases in vitro
and potentially for treating disorders in the clinic in future.

In addition, human iPSCs give the possibility to establish human cell based models with a defined
genetic background, especially for cellular systems that are not accessible in vivo as for example
neuronal cells. Compared to the systems that have been used so far to analyze neuronal processes, i.e.
lymphocytes, post-mortem studies, or animal models, human iPSC-derived neurons have the advantage
that the molecular and cellular states closely reflect the human condition.

Here, human iPSCs that have been generated from skin biopsies were differentiated with a standardized
protocol into functional glutamatergic neurons. This protocol is based upon the embryonic development
of ectodermal cells into mature forebrain neurons with the addition of defined pathway agonists and
antagonists. The protein expression of several marker proteins was analyzed in the developing neurons
qualitatively and quantitatively. Neuronal growth was measured during differentiation and synapses were
quantified in terminally differentiated neurons.
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Temporal lobe epilepsy is associated with an
irreversible change of the neurogenic niche

Ute Haussler, Carola A. Haas'
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Temporal lobe epilepsy (TLE) is characterized by increased structural plasticity in the dentate gyrus,
including granule cell dispersion (GCD), mossy fiber sprouting and altered neurogenesis in the
subgranular zone (SGZ). Using the intrahippocampal kainate (KA) model for TLE we have shown that in
the septal hippocampus (close to the injection site) neurogenesis was completely lost and a large
number of proliferating cells in the hilus took a glial fate (Haussler et al., 2012, Cerebral Cortex).
Remarkably, the areas with lost neurogenesis overlapped with the septotemporal extent of GCD. In
contrast starting from a transition zone in the intermediate hippocampus where granule cell layer width
was back to normal, cell proliferation was significantly increased in the SGZ and resulted in increased
neurogenesis in the intermediate and temporal ipsilateral and the entire contralateral hippocampus.
Intrahippocampal recordings revealed that this region-dependent regulation of neurogenesis was due to
differential strength of status epilepticus at the respective sites.

In our current study, we asked (a) whether cell proliferation in the SGZ is still increased at 3 weeks after
KA injection when GCD and recurrent seizures have fully developed; (b) whether neurogenesis in the
septal hippocampus can be reactivated with a strong proliferative stimulus and (c) whether the strong
neurogenesis in the temporal hippocampus is exhaustive or can be further stimulated.

To this end, we performed a single unilateral intrahippocampal kainate injection (KAy;,,) in adult mice and

three weeks later induced a second status epilepticus with a systemic (intraperitoneal) kainate injection
(KAsys), Which was quantified according to Racine’s scale. Controls received a saline injection (SAgys).

Another group received only a KAgys injection. Mice were injected with bromodeoxyuridine (BrdU) 6 days
after the KAgs injection and perfused the next day. We performed immunocytochemistry for BrdU and
doublecortin (DCX) and quantified BrdU -positive cells in the septal, intermediate and temporal
hippocampus.

We show that cell proliferation in the KApjn+SAgys group was comparable to (contralateral
hippocampus) or below (ipsilateral hippocampus) control levels in untreated animals indicating that the
increase in proliferation and neurogenesis shortly after KAp;,, was only transient. Yet, when adding the
systemic KA injection, the KApjpntKAgys group reached Racine stage 4/5 in shorter time than the KAgyg
only group, indicating a higher sensitivity of the already epileptic network. While in the KAg s group cell
proliferation in the SGZ and neurogenesis was strongly increased at all septotemporal sites, comparable
to previous results (Lugert et al., 2010, Cell Stem Cell), the KApjp,+KAgys group showed a completely
different pattern. Cell proliferation in this group was comparable to the KA y;;,+SAg s control group

indicating that the second strong stimulus was not able to reactivate proliferation. Furthermore,
neurogenesis in the ipsilateral areas with GCD could not be recovered and there was no further increase
in neurogenesis in the temporal and contralateral hippocampus. Our results thus show that the
neurogenic niche is irreversibly changed at 3 weeks after the intrahippocampal KA injection in the whole
hippocampus.

This work was supported DFG SFB TR3 and SFB780.
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CNTF inhibits proliferation and promotes early
differentiation of progenitor cells in neural stem cell
cultures from the adult subventricular zone

Sarah Frerix, B.P.S. Chakrapani1, H.-D. Hofmann, M. Kirsch'
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Ciliary neurotrophic factor (CNTF) has been shown to be involved in the regulation of adult neurogenesis
both in the dentate gyrus subgranular zone and in the subventricular zone. Previous studies suggested
that the cytokine is required for the maintenance of neural stem cells (NSC) but may also influence the
production of rapidly proliferating progenitor cells. We have used neurosphere cultures from the
subventricular zone of adult mice to study the effects of CNTF on progenitor cell proliferation and
differentiation. Neurospheres formed by adult NSC/progenitors reflect the neurogenic lineage in that they
contain cells with stem cell properties and different types of proliferatively active progenitor cells.
Proliferation (cell number and neurosphere size) was massively (> 50%) reduced when CNTF was added
to the culture medium that routinely contained EGF and bFGF as mitogens. Addition of CNTF resulted in
a rapid reduction of BrdU-incorporating and Ki67-positive cells by 80% and 65%, respectively. In parallel,
the expression of the cdk inhibitor p21 increased more than 4-fold indicating that the cytokine induced
cell cycle exit in the majority of proliferating cells. This conclusion was supported by the observation that
CNTF treatment resulted in a massive increase in the number cells expressing markers for astrocytes
(GFAP; 45% of all cells) and immature neurons (Tuj-1; 40% of all cells. Many of these cells were double-
labelled for both markers suggesting that they may represent a neuro-glial progenitor state. More
differentiated neurons, e.g. DCX-positive cells, were very rare.

The effects of CNTF were reversible. After removal of CNTF the cultures regained normal proliferative
activity and the number of BrdU-incorporating and Ki67-positive cells increased reaching levels of control
cultures. Moreover, the expression of the differentiation markers decreased. This indicates that CNTF,
despite the presence of the mitogens, can drive the neural progenitor cells to enter areversible,
postmitotic state of neural precursor cells but does not induce their terminal differentiation.

We further examined whether NSC cultures pre -treated with CNTF exhibit enhanced neuronal
differentiation when subsequently switched to differentiation-promoting culture conditions (absence of
EGF and bFGF). The results indicate that pretreatment with CNTF does not by itself directthe
subsequent differentiation into neurons and glia but that this step requires the action of additional signals.

We conclude that CNTF negatively influences the amplification of rapidly proliferating SVZ progenitor
cells by inducing their exit from the cell cycle and their reversible differentiation into neuron-glial
precursors. As we can also show that CNTF stimulates the maintenance or self-renewal of a cell
population with stem cell -like properties in the same cultures (see accompanying poster), the same
signalling molecule seems to have distinct effects in different stages of the adult neurogenic lineage.
Supported by the Deutsche Forschungsgemeinschaft, Ki419/5-1.
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CNTF promotes the maintenance of neural stem cells In
cultures from the adult mouse subventricular zone

Judith M. Flurer, B.P.S. Chakrapani1, H.-D. Hofmann1, M. Kirsch’

1AIbert-Ludwigs-University, Institute of Anatomy & Cell Biology, Dept. of Neuroanatomy, Group of Hofmann/Kirsch, Albertstr.
23, 79104 Freiburg, Germany

Ciliary neurotrophic factor (CNTF) has been shown to be involved in the regulation of adult neurogenesis
both in the dentate gyrus subgranular zone and in the subventricular zone. Results from previous studies
have indicated that CNTF or related cytokines may be important at various stages of embryonic and adult
neurogenesis and gliogenesis. Here we studied the effects of CNTF on cell populations with neural stem
cell properties in neurosphere cultures prepared from the SVZ of adult mice.

Addition of CNTF to neurosphere cultures routinely grown in the presence of the mitogens EGF and
bFGF inhibited neurosphere growth and reduced the fraction of proliferatively active cells within 2 days
from about 60% to less than 10% as determined by immunolabeling for Ki67 and by measuring BrdU
incorporation. The decrease in proliferation was due to cell cycle exit induced by CNTF, most likely in
rapidly proliferating progenitors cells (see accompanying poster). When CNTF -treated neurospheres
were dissociated and reseeded, the cells showed an enhanced capacity to from secondary spheres
indicating that CNTF increased the number of sphere-forming cells with stem cell-like properties.

To characterize the cell type(s) promoted by CNTF, we further analyzed changes in growth properties
and cellular composition of the neurospheres in response to CNTF. Cells proliferating in the presence of
the cytokine showed a reduced proliferation rate due to increased cell cycle duration. CNTF treatment
resulted in a 5-fold increase in the percentage of cells expressing CD15/SSEA-1, a marker for stem cells
and multipotent progenitors from 2.5% in controls to 12% and to more than 20%, when neurospheres
were grown with CNTF for several passages. Similarly, the number of cells isolated by FACS as the so
called side population that has been described to represent the stem cell population, was also 5-fold
higher in the presence of CNTF (1.65% versus 0.35% in controls). These results indicate that CNTF
promotes the maintenance and/or self-renewal cells from the adult SVZ that exhibit characteristics of
neural stem cells.

By pharmacological experiments and by studying neurosphere cultures derived from mouse mutants with
deficiencies in cytokine receptor associated signalling pathways, we could demonstrate that all the in
vitro effects of CNTF observed on stem cells and progenitors were dependent on the JAK-STAT3
pathway. The in vivo relevance oft the results is presently examined in adult mice by electroporation of
DNA constructs coding for dominant negative and constitutively active STAT3.

Supported by the Deutsche Forschungsgemeinschaft, Ki419/5-1.
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Altered densities and compromised migration of cortical
interneurons in polysialic acid-deficient mice
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The neural cell adhesion molecule NCAM and its posttranslational modification with polysialic acid
(polySia) are major determinants of cellular interactions during brain development and dysregulation of
this system has been linked to schizophrenia. Polysialylation of NCAM is implemented by the two
polysialyltransferases ST8Siall and ST8SialV. Genetic ablation of these enzymes generates polySia-
negative but NCAM-positive mice that are characterized by severe defects of major brain fiber tracts. In
addition, polySia deficiency impairs migration of subventricular zone-derived interneuron precursors
towards the olfactory bulb and of undefined progenitors during neocortex development. In the current
study, we analyzed how loss of polySia affects selected interneuron populations in the prefrontal cortex,
a brain region relevant to the pathophysiology of schizophrenia. Densities of cells immunopositive for
major interneuron markers were analyzed comparatively in the forebrain of polySia-deficient mice at the
age of 4 weeks and 3 months. Pronounced alterations of different GABAergic interneuron subtypes were
detected in mouse lines with different degrees of polySia-deficiency. These findings may be explained by
a compromised tangential migration of cortical interneuron precursors during development. Using live
imaging of embryonic brain slice cultures, decreased velocities of interneuron precursors were observed
after enzymatic removal of polySia in vitro. Thus, cortical interneuron migration depends on the presence
of polySia and attenuation of polySia synthesis causes changes in defined interneuron subtypes, which
are reminiscent to neuropathological findings in schizophrenia.
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BAF155 Controls Neurogenesis by Potentiating Pax6-
dependent Transcriptional Activity
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Chromatin remodeling factors play essential role in neurogenesis. However, elucidation of the link
between chromatin changes and specific transcriptional program that control neurogenesis remains a
challenge. Here, we identify a genetic interaction between BAF155 subunit of the chromatin remodeling
BAF complex and transcription factor Pax6, a key regulator in neurogenesis of lens, olfactory epithelium
and neocortex. We found that mice with conditional deletion of BAF155 have similar phenotypes to those
of Pax6 -deficient mutants, including dysgenesis of eye and olfactory structures, and impaired
neurogenesis in these structures as well as in developing cortex. The developmental defects of
BAF155cKO mice were dramatically enhanced by additional heterozygous loss of one Pax6 allele.
Moreover, we show that BAF155 is required for normal activation of Pax6-dependent transcriptional
activity in stem/progenitor cells of olfactory neuroepithelium and cortex. Our findings reveal a novel
molecular mechanism mediated by transcription factor Pax6 in epigenetic control of mammalian
neurogenesis via chromatin remodeling mSWI/SNF complex.
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Sunitinib - A crosstalk of antiangiogenic and
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Sunitinib is a potent pan receptor tyrosine kinase inhibitor (RTKs) known to suppress cell signaling.
Among the RTKs are the vascular endothelial growth factor receptors (VEGFRs) and the platelet-derived
growth factor receptors (PDGFRs) which both play a povital role in the process of neovascular formation
and tumor cell proliferation. In the organotypic glioma -induced invasion model (OGIM), which we
established previously, we could show that under Sunitinib treatment (10, 50, 100 uM) the vessel density
is normalized in comparison to the control group. We were staggered with our second discovery: When
treated with Sunitinib the cell death in the organotypic brain slices was diminished. In further proceeding,
we were able to show that Sunitinib has indeed a neuroprotective effect. The tumor itself creates a
microenvironment which damages the surrounding tissue and allows the tumor cells to proliferate and
migrate. We imitated the toxic tumor microenvironment with high dosages of glutamate, mimicking the
cellular stress normally caused by the tumor. Under Sunitinib -treatment cell death in neuronal and
astrocytal cells was significantly lower. In contrast, cell death in tumoral cell culture (U87, U251, GL261,
F98) was significantly higher, with lower proliferation rates. Sunitinib has therefore beside the know anti-
angiogenic and anti-proliferative effects a newly discovered neuroprotective component.
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Polysialic acid (polySia) is regarded as a negative regulator of remyelination (Franklin, Ffrench-Constant
2008, Nature Rev Neurosci 9:839). Due to its well -described anti-adhesive properties the presence of
polySia may prevent attachment of myelinating oligodendrocytes, to axons (Charles et al. 2000, Proc
Natl Acad Sci 97:7585). As shown in mice lacking one of the two polySia-synthesizing enzymes ST8Siall
and ST8SialV, a partial loss of polySia accelerates remyelination after cuprizone-induced demyelination
(Koutsoudaki et al. 2010, Neuroscience 171:235). This effect has been assigned mainly to enhanced
differentiation of NG2 (neuron-glial antigen 2) -positive oligodendrocyte precursor cells (OPCs).
Underlying mechanisms, however, are yet unresolved and the differential contribution of the two
polysialyltransferases as well as the cells and protein substrates involved in presenting polySia in the
context of remyelination are elusive. During the development of the mammalian brain the neural cell
adhesion molecule NCAM is the primary target for posttranslational modification with polySia, but
recently, the synaptic cell adhesion molecule SynCAM1 has been described as a novel, alternative
polySia carrier. Strikingly, polySia-SynCAM1 was exclusively found on a subpopulation of NG2-
expressing glia in the perinatal mouse brain (Galuska et al. 2009, PNAS 107:10250). These
multifunctional precursor cells serve as the primary source of myelinating oligodendendrocytes in
development and during myelin repair after cuprizone-induced demyelination. Therefore, we studied the
induction of polySia-SynCAM1 expression in the cuprizone animal model. To characterize the polySia-
SynCAM1 -positive subpopulation of NG2 cells and to elucidate their developmental potential, current
work focuses on enrichment and immunocytological analysis of polySia-positive NG2 cells.
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Analysis of Schwann cell (SC) development has been hampered by lack of growing axons in many
commonly used in vitro assays. As a consequence, molecular signals and cellular dynamics of SC
development along peripheral axons are still only poorly understood. Here we use a superior cervical
ganglion (SCG) explant SC development assay, in which the development of endogenous SC can be
investigated along growing axons. With this assay we identified Nrg1 type Il ErbB signaling to be
important for SC development in the sympathetic nervous system. Interference with the ErbB receptor
lead to reduced SC proliferation, increased SC apoptosis and to reduced SC colonization of distal axonal
segments. However, our data suggest that the effect of ErbB signaling on SC colonization of distal
axonal segments is mediated mainly via supporting SC survival in proximal axonal regions rather than by
directly altering SC motility.

Notably GDNF, also suggested to be involved in SC migration, seems to be dispensable for embryonic
SC migration in the murine sympathetic nervous system and also along the sciatic nerve.
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Neuronal migration illuminated: a look under the hood
of the living neuron

David Joseph Solecki, Niraj Trivedi'!, Joseph Ramahi’
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During vertebrate brain development, migration of neurons from the germinal zones to their final laminar
positions is essential to establish functional neural circuits. Whereas key insights into neuronal migration
initially came from landmark studies identifying the genes mutated in human cortical malformations, cell
biology and state of the art time lapse microscopy has recently expanded our understanding of how
cytoskeletal proteins and molecular motors drive the morphogenic cell movements that build the
developing brain. The work from a variety of laboratories suggests the neurons migrate with a two-stroke
cadence where the centrosome or cytoplasmic organelles move toward the direction of migration before
somal translocation that ultimately has served as an excellent model to explore cytoskeletal function in
migrating neurons throughout the CNS. Recently, we have identified the proximal portion of the
cerebellar granule neuron leading process a region possessing high acto-myosin contractility necessary
for centrosomal and somal translocation during nucleokinesis. | will present the latest results from my
laboratory further examining leading process acto-myosin and highlight its role in positioning the golgi
complex, primary cilia and regulating leading process adhesion during nucleokinesis.
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The Role of feedback Signaling during Corticogenesis
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Tarabykin1
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Comprised of functionally distinct neurons,the mammalian neocortex develops from progenitors lining the
dorsal aspects of the lateral ventricles.The fate and position of these neurons is decided by the time they
leave the germinal zone.However,little is known about how cortical progenitors learn how many neurons
of each type to produce and when to make the switch from producing one neuronal type to the next. One
source of instructions to the progenitors comes from the cortical plate itself, creating a feedback
loop.However,the molecular identity and mechanism of action of these cortical feedback signals is poorly
understood.Previouly, we identified Sip1 as a master regulator controlling the timing of corticogeneis.
Here we present data on the molecular control of deep layer to upper layer neuron switch during
neocorticogenesis.
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Oligodendrogenesis in the rodent Forebrain
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Oligodendrocytes are essential for the myelination of axons in the central nervous system. During
development oligodendrocyte precursor cells (OPCs) generate oligodendrocytes in a controlled and
regulated process through the activity of diverse intrinsic and extrinsic factors. The members of the
STAR-family proteins are among the intrinsic factors involved in oligodendrocyte differentiation. The
STAR family (Signal transducer and Activator of RNA Metabolism) consists of the members Sam68 (Src -
associated during mitosis of 68 kDa), SIm -1and SIm -2 (Sam -like mammalian protein -1, -2).
Characteristic of these proteins is the structural RNA -binding domain GRP33/SAM68/GLD -1 (GSG),
which is flanked by regulatory regions containing motifs for protein-protein interactions and residues that
are posttranslationally modified to control the activity of the STAR family proteins (Sette 2010). Due to
this GSG domain, STAR family proteins are able to regulate alternative splicing events, RNA-transport
and, additionally engage via the interaction with SH3 -domain-containing proteins in signal transduction
processes.

Another crucial factor for not only oligodendrocyte development but in general for neural stem cell
differentiation is the extracellular matrix (ECM). During both embryogenesis and adulthood neural stem
cells reside in specific niches rich in ECM components such as Tenascin C. Using the gene trap
technology Sam68 was identified as a Tenascin C-regulated target gene in neural stem cells (Moritz et
al., StemCells 2008). Due to the multifunctional character of Sam68 and his related family members SIm-
1 and SIm-2 further studies were done in which Sam68 and SIm-1 were identified as promoters of neural
stem cell (NSC) differentiation. Both proteins promote the differentiation of NSCs into a neuronal fate but
also enhance oligodendrocyte maturation. However, the mechanism(s) how Sam68, Sim-1 and Sim-2
control oligodendrocyte development are still unresolved.

Therefore, we currently assess several Sam68 constructs, which contain mutations in the RNA-binding
site or the nuclear localisation signal to characterize the relevant domains of Sam68 that control
oligodendrocyte development by transfection of OPCs. Further investigation of the Sam68 expression
pattern and the future characterization of the Sam68 knockout mouse will increase our understanding of
the complex signalling pathways and function of the STAR-family proteins during oligodendrogenesis.
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Chondroitinsulfotransferases and their role during
forebrain development

Denise Harrach, Alexander von Holst1:2
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Chondroitin sulfate proteoglycans (CSPGs) and their sulfation by chondroitin-sulfotransferases (Chsts)
appear to play a crucial role for the behaviour of neural stem cells (NSCs) in the embryonic neural stem
cell niche during mouse forebrain development. It has been shown that the inhibition of the sulfation by
sodium chlorate or the degradation of the CSPG glycosaminoglycans by Chondroitinase ABC leads to
less proliferation and altered cell fate decisions of the NSCs (Sirko, von Holst et al. 2007; Akita, von Holst
et al. 2008; Sirko, von Holst et al. 2010).

The proliferation and differentiation of cortical neural stem cells from E13.5 mouse embryos upon forced
expression of distinct Chst-EGFP constructs was examined by neurosphere forming assay and
differentiation assay in vitro. Furthermore, the Chsts overexpression by CMV promotor vs. chicken 3-
actin promotor was analyzed.

The overexpression of distinct Chsts in the NSCs was functional as revealed by an increased signal for
the complex sulfated CS -epitope detected by the monoclonal antibody 473HD. In the differentiation
assay an increase in neurogenesis at the expense of gliogenesis was observed. In consistence with
previous observations, the sulfation of the CSPGs plays a role in the commitment of the NSCs within the
neural stem cell niche and could function as a possible communication platform between the NSCs and
their extracellular surrounding in the neural stem cell niche.

Acknowledgements: The authors thank the DFG (Ho-2476/3-1) and the Institute for Anatomy & Cell
Biology (Medical Faculty, University of Heidelberg) for financial support.



Gottingen Meeting of the German Neuroscience Society 2013 T1'2C

CDK5RAP2 expression during murine and human brain
development correlates with cellular phenotype in
MCPH3 patients
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Primary autosomal recessive microcephaly (MCPH) is a genetically heterogeneous neurodevelopmental
disorder that results in severe microcephaly at birth with pronounced reduction in brain volume,
particularly of the neocortex, and intellectual disability. MCPH gene products localize to the centrosome,
pericentriolar matrix and spindle apparatus. A current model for the microcephaly phenotype invokes a
premature shift from symmetric to asymmetric cell divisions and thus premature neurogenesis with a
subsequent depletion of the progenitor pool. Still, the exact underlying pathomechanism remains to be
definitely established.

Homozygous mutations of the Cyclin dependent kinase 5 regulatory subunit-associated protein 2 gene
CDK5RAP2 cause MCPH type 3 (MCPH3). We confirmed CDKS5RAP2 to be highly enriched at the
centrosome and describe its spatiotemporal regulation during murine and human brain development.
High Cdk5rap2 levels were detected during early neurogenesis in the murine brain, in both symmetrically
and asymmetrically dividing progenitor cells. The protein is present in glial cells and early neurons but
rare in mature neurons. Within the neocortex, Cdk5rap2 -positive cells localize particularly within the
Cux1-positive upper layers. CdkSrap2 also localizes to other brain regions than the neocortex, such as
the hippocampus and the cerebellum. As the brain matures, Cdk5rap2 levels significantly decrease, and
its spatial localization is refined to proliferation zones of the adult brain. Our findings of the Cdk5rap2
spatiotemporal localization in the murine brain holds also true for the human brain. Our results, showing
the presence of Cdk5rap2 in progenitor cells early in neurogenesis but also in proliferative zones of the
adult brain highlights a possible role of Cdk5rap2 in neural progenitor proliferation. Additional results from
our studies performed on immortalized lymphocytes from human MCPH3 patients show that a loss of
CDK5RAP2 function results in mitotic spindle defects and centrosomal disorganization. Thus, taken all
together, our results underline that cell division defects in progenitor cells, possibly on the basis of a
disruption of centrosome integrity/function and spindle defects, may play a role in the development of
microcephaly in MCPH.
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Astroglial connexins in adult neurogenesis: Gap
junctional coupling is more important than adhesion.
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Gap junctional channels are comprised of connexins. The astrocytic connexin43 (Cx43) is involved in

metabolite supply of neurons and extracellular K¥ homeostasis, thus modulating neuronal activity. In the
hippocampus, Cx43 is also expressed in neural stem cells, the so-called radial glia- (RG-) like cells of
the subgranular zone (SGZ) in the dentate gyrus (DG). Throughout adult life, RG-like cells give rise to
new neurons. Our previous data showed that Cx43 and/or Cx30 are required for proliferation of RG-like
cells and adult neurogenesis. We now demonstrate that Cx43, but not Cx30, is crucial for adult
neurogenesis. Cx43 also mediates adhesive interactions via the cytoplasmic C-terminal tail which might
be involved in neurogenesis. For further mechanistic insight into connexin function, we studied Cx43
mutations: Mice expressing the point mutation Cx43G138R show selective loss of intercellular coupling,
but should maintain adhesive properties since the C-terminus is unaffected. Cx43K258stop mice carry a
C-terminal truncation of Cx43, which still showed intercellular coupling in transfected Hela cells, but
adhesive interactions should be absent. Cx43D378stop mice lacking the last five amino acid residues of
the C-terminal binding motif for ZO -1 still reveal functional gap junction channels and normal coupling
properties in cardiomyocytes. Astroglia-specific Cx43G138R mice lacking Cx30 displayed no coupling in
the hippocampus, as expected. Surprisingly, astroglia-specific Cx43K258Stop mice lacking Cx30 also
exhibited uncoupling in the hippocampus. With immunohistochemistry, we found that both the
proliferative activity in the SGZ and the number of newborn neurons in the DG were significantly
decreased in astroglia-specific Cx43G138R and Cx43K258stop mice. We are currently investigating if
Cx43D378stop mice show alterations in adult neurogenesis. Our findings so far strongly favor a role of
Cx43-mediated intercellular coupling between RG-like cells rather than Cx43-mediated adhesive
interactions for adult neurogenesis in the hippocampus.
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Glial cell development in Drosophila: from cell fate
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Cell fate specification in the developing nervous system of the fruit fly Drosophila melanogaster is a
combination of positional information of the Neuroblast (NB), temporal specification within NB lineages
and asymmetric distribution of determinants during mitosis. Recent work in our lab revealed that nearly
all 35 glial cells within an abdominal hemineuromere of the fly embryo represent individual cell identities
as reflected by a combinatorial code of marker gene expression and a stereotyped positioning, the latter
being a consequence of an individual migratory behaviour of these cells. These specification events
eventually result in functional diversification of the entire glial population which again is reflected by
differential gene expression and hence morphological and physiological changes. Though glial cells play
crucial roles in development and function of the nervous system of both invertebrates and vertebrates,
the molecular genetic events that trigger specification of these cells is only poorly understood. | will
present our recent approaches towards a better understanding of these specification steps, however not
yet fully unravelled. Furthermore, | will show that differential expression of specific genes already early in
glial development regulates glial and neuronal function in the mature nervous system. These functions
influence cell-cell connections between glia and neurons, neurons and muscles, and among neurons and
glia themselves. Loss of function of these factors in glia result in structural and/or physiological deficits of
the flies, which will be demonstrated by different cell labeling and behavioral approaches. One of these
genes is kon-tik (kon), the fly homolog of mouse/human NG2. Kon is expressed in a subset of glial cells
from early development on and is required for proper proliferation of glial cells (comparable to the
function of NG2 in the mamalian CNS) and the establishment of intact neuromuscular junctions in the
larva. Another fly gene, nazgul (naz), is expressed in a well defined subset of neuropil-associated glial
cells in the brain and the ventral nerve cord. naz encodes an oxidoreductase with homology to human
retinol dehydrogenase 13. Loss-of-function mutations of naz in glial cells result in behavioral defects and
an aberrant neuronal integration of sensory information in these animals. Another pair of genes that
encode for members of the Ly-6 protein superfamily are expressed in glial cells of the peripheral nervous
system (analogous to Schwann cells in vertebrates). These proteins, though expressed in glial cells, are
located at the neuromuscular junction and apparrently regulate the connectivity between motoneurons
and muscles. Knock -down of either of these two genes leads to impaired locomotion, while
overexpression has an opposing effect and leads to an increase in larval crawling speed. Taken together
our data show that a clear understanding of glial cell specification from early development on is
indespensable in order to better understand the various functions of these cells (not only inDrosophila).



Gottingen Meeting of the German Neuroscience Society 2013 T1'5C

Generation of Morbus Niemann-Pick Typ C1 Patient
Specific Induced Pluripotent Stem Cells
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Niemann-Pick type C1 (NPC1) is a rare progressive neurodegenerative disease, which is caused by a
mutation in the NPC1 gene and is inherited in an autosomal recessive manner. In this lysosomal storage
disorder the intracellular transport and sequestration of several lipids like cholesterol is severely impaired
resulting in their accumulation in the late endosome and lysosome (LE/ L). The neurological
manifestation of the disease is caused by dysfunction and death of neurons, astrocytes and microglia.
However, the pathogenic mechanism is not completely understood. Several animal models like mouse,
cat and Drosophila were used to analyze the impaired pathways but the loss of neurons is still
unexplained and the genetic variability in humans cannot be reflected. Therefore, human models using
patient-specific induced pluripotent stem (iPS) cells provide a promising approach. Here, we
reprogrammed human fibroblasts from Morbus Niemann Pick Type C1 patient by retroviral transfection
with Sox2, Klif4, Oct4 and cMyc. The pluripotency of the cells was analyzed by detecting the expression
of several stem cell markers where cells were found to be positive for e.g. Nanog, Tra1-81 and SSEA4.
Furthermore, cells could be differentiated into cells of all three germ layers demonstrating the
pluripotency. The accumulation of cholesterol in different tissues is the main hallmark of NPC1 and is
used for clinical diagnostics. Here, the cholesterol accumulation was visualized in both fibroblasts and
iPS cells by Filipin staining. In addition, cells could be differentiated into neuronal cells, providing a
potential model to study the pathogenic mechanisms of NPCA1.
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Basic helix-loop-helix (bHLH) transcription factors regulate biological differentiation processes ranging
from cell determination to complex organ development. Neurod2 (NDRF) and Neurod6 (NEX) are
structurally related neuronal bHLH proteins expressed in pyramidal neurons following similar spatial and
temporal pattern. Inactivation of either one gene in mice does not affect pyramidal neuron differentiation
or cortex development. However, Neurod2/6 double-mutant mice display drastic defects in neocortical
connectivity (see Bormuth et al.).

Here, we analyze neuronal differentiation and the establishment of cellular identity in Neurod2/6 double
mutant mice. When compared to controls, formation and regression of the temporal subplate layer is
delayed in double mutants. Additionally, a subset of pyramidal neurons, however, does not express any
of the tested layer specifically expressed marker genes. These cells fail to migrate into the cortical plate
and accumulate in the subventricular zone. In contrast, a subset of upper layer neurons over-migrates
into the marginal zone leading to individual cajal retzius cells spread throughout the cortical plate.

Currently, we are analyzing cortical layer organization, neuronal proliferation, differentiation, and
molecular mechanisms underlying the defects.
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Homozygous mutations in the cycline dependent kinase 5 regulatory subunit-associated protein 2 gene
CDK5RAP2 cause primary autosomal recessive microcephaly type 3 (MCPH3). MCPH is arare,
genetically heterogeneous disease, characterized by a pronounced reduction of brain volume and mental
retardation. Patients with MCPH develop severe microcephaly in utero, affecting particularly the cerebral
cortex. CDK5RAP2 is a centrosomal protein and plays a role in various cellular processes such as
centrosome functions, spindle formation and dynamics, kinetochore attachment to spindles, spindle
checkpoint control, DNA repair and apoptosis. While deregulation of these processes most likely
contributes to the human MCPH phenotype, the exact pathomechanism is still unknown. The aim was to
analyze the pathomechanism underlying MCPH in an in vitro model.

To analyze the effects of Cdkbrap2 deregulation, we established anin vitro model through lentiviral
Cdk5rap2-shRNAI infection of murine embryonic stem cells (MESC). These cells showed a stable
downregulation of Cdk5rap2 and were used to study the effects on proliferation, differentiation and
apoptosis in mESC.

Downregulation of Cdk5rap2 resulted only in a slight reduction of proliferation in undifferentiated mESC
and the stem cell character was maintained. After induction of neural differentiation of Cdk5rap2 deficient
mMESC, a severe phenotype appeared with a gross loss of cells, which will be further analyzed (reduced
proliferation, increased cell death). While in undifferentiated wildtype mESC Cdk5rap2 is localized at the
centrosomes and thereby associated with the nucleus, the differentiation induction leads to a significant
change of Cdk5rap2 localization with an assembly of Cdk5rap2 signals in the center of cell clusters, far
away from the nucleus. These results indicate a important role of Cdk5rap2 in regulating the transition
between symmetric and asymmetric proliferation and in polarization of differentiating cells.
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The numerous neuronal and glial cells that assemble to the complex structure of the mammalian dorsal
forebrain originate from a pool of neural stem cells that line the lateral ventricle as a single cell layer early
in development. The fate of each neural stem cell depends on the interplay between intrinsic programs
and extrinsic signaling cues. The meninges covering the dorsal forebrain appear as a source for such
extrinsic signaling factors. For instance the switch from proliferative to neurogenic divisions of a neural
stem cell type, the Pax6 positive radial glia cell, is initiated by meningeal secretion of retinoic acid
towards the ventricular zone of the dorsal forebrain. Therefore itis likely that also other meningeal
derived factors are crucial at the onset and during neurogenesis. So, the aims of this study are to identify
further signaling molecules, which are crucial for the interactions between the meninges and the dorsal
forebrain during neurogenesis. Furthermore, possible feedback mechanisms that act from the developing
dorsal forebrain towards the meninges will be investigated. To achieve these goals, | use a model
system, where magnetically sorted Prominin-1 positive neural stem cells are co-cultured with meningeal
cells. This elegant in vitro system allows to examine the effects of meningeal cells on the fate of neural
stem cells and vice versa.

Following the analysis of the cell differentiation and proliferation behavior in the co-culture the
transcriptional networks that influence the cell fate decisions will be disclosed. So, Foxc1 regulates the
secretion of retinoic acid by the meninges. In turn, Pax6 appears to regulate Foxc1 expression. By using
Pax6 deficient small eye mice for the co-culture, the influence of Pax6 on cell fate decisions are
investigated. Besides, the influence of Pax6 deficiency on the expression of different transcription
factors, including Foxc1 are analyzed by immunohistochemical methods and in situ hybridization.
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The pleiotropic cytokine Transforming Growth Factor B (Tgf) exerts an antiproliferative and
differentiative role in embryonic neurogenesis by activating the Smad pathway. This ultimately leads to
the formation of a transcriptional complex, whose members comprise activated Smads and Forkhead box
O (FoxO), which is responsible for the regulation of cell cycle regulator Cdkn1a (p21) expression.
Another Forkhead box protein, FoxG1, can directly interact with the aforementioned complex,
antagonizing Tgff3 effects.

Results from our lab show that loss of FoxG1 at E13.5, when neurogenesis normally does not occur,
grants the cells the capability to respond to Tgf3-mediated differentiating signals.

To understand which genes are regulated in a Tgfl3-dependent manner in absence of FoxG1, microarray
analysis was performed on Tgf3-treated cortical cells dissected from E13.5 FoxG1~~ mice and controls.
FoxG1, like FoxO and the other Forkhead box proteins, can bind DNA directly through a specific
consensus sequence. Candidate genes for further validations were selected based on the presence in
their promoters of FoxG1 binding sequence and generic Smad binding sequence within a range of 200
bp from each other.

To inspect the Tgfl3/FoxG1 crosstalk from different perspectives, validation was performed through Real-
time RT-PCR in three different mutant mouse lines: FoxG1~/- mice, Tgf} receptor 2 (Tgfbr2) conditional
knockout mice (FoxG1cre;Tgfbr2flox), and TgfR2/Tgf33 double knockouts.

A total of 5 candidate genes, involved in functions spanning from cognition to synaptic plasticity to
vascular development, are regulated in at least another mutant line aside from FoxG17". These genes
will be further analyzed for FoxG1 binding ability through chromatin immunoprecipitation and
immunohistochemistry, so to evaluate also their regulation and localization in vivo.
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Parkinson’s disease (PD) is the second most common neurodegenerative disorder. Its pathologic
hallmark is the loss of dopaminergic neurons and the appearance of intracellular amyloid aggregates
known as Lewy Bodies and Lewy Neurites. Although the majority of PD cases are sporadic, some
familial mutations are known and they may hold the key to unraveling the initial molecular triggers
leading to neurodegeneration.

Difficulties with the differentiation and culture of dopaminergic neurons have been mayor impediments to
study the biochemistry and biology of PD. The ability to reprogram human somatic cells to induced
pluripotent stem cells (iPSCs) provides an invaluable disease -relevant tool, especially since animal
models do not reproduce essential features of the human disease. We are investigating iPSCs derived
from patients with the most common genetic alteration associated with PD, the G2019S mutation of
LRRK2, and the very rare triplication mutant of the gene for a-synuclein (aSyn), leading to protein
overproduction and early onset disease.

We are differentiating iPSCs derived from fibroblasts of PD patients and healthy age-matched controls to
dopaminergic neurons so as to identify the specific metabolic pathways and cellular processes affected,
particularly in early stages. After a first step of partial differentiation into Neuronal Stem Cells (NSCs),
iPSCs are further differentiated into functional neurons through a two-step protocol employing defined
media that contain recombinant factors and B27 neuronal supplement (Zhang XQ & Zhang SC, 2010
Methods Mol Biol 584: 355 -366). Recently, the use of small molecules has been shown to be also
beneficial in this process (Mak et al., 2012 Stem Cells Int: Article ID 140427), and supplements like
cAMP appear to be essential in the case of LUHMES cells for obtaining a major fraction of neurons with a
dopaminergic phenotype (Scholz D et al., 2011 J Neurochem; 119:957-71).

In addition, the hypothesis of an immune component in the etiology and progression of PD implies an
involvement of accessory glial cells that establish a molecular crosstalk with the affected neurons and
mediate propagation of cellular pathology. In this context, co cultures of rat or human astrocytes with the
differentiating iPSC lines are of interest because they better approximate the cellular complexity of the
central nervous system and reduce the requirements for exogenous growth and differentiation factors.

We have used specific antibodies against aSyn, TH, MAP2, BIll1-Tubulin and other markers to compare
the differentiation of control and patient derived NSCs lines in the presence and absence of astrocytes.
Cellular functionality was assessed by electrophysiology, mitochondrial respiration profile determination



(Seahorse XF24) and microscopy utilizing fluorescent probes specific for the subcellular fractions.
Preliminary results suggest that astrocyte-conditioned media are beneficial for neuronal differentiation of
NSCs. However, supplementation with specific factors or drugs may be required in order to achieve a
high yield of dopaminergic neurons, particularly in the case of the lines with PD associated genetic
alterations that exhibit difficulties in differentiation.
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Tgfl3 has been implicated in multiple cellular processes, ranging from neuronal differentiation, cell cycle
exit, tumor suppression to tumor progression. Most of these molecular cues are context based as well as
age dependent.

Previous data from the lab show an inclination of E16.5 cortical progenitors to enter a differentiative state
upon Tgff3 treatment, as compared to younger ones. This effect was most pronounced when cells of
embryonic stage E16.5 were compared to those of E13.5. Thus it was evident that Tgff3 functions
dynamically during murine forebrain development. To delve deeper into molecular cues governed by Tgff3
in an age -dependant manner, we performed a microarray using cortical progenitors from E13.5 and
E16.5 mice. The resulting data showed a number of genes differentially expressed between the two
developmental stages, and amongst these, members of the Insulin-Igf cascade seem to play a prominent
role.

Insulin-1gf signaling (lIS) pathway plays a role in cellular proliferation, differentiation, survival and
inhibition of apoptosis. We show that Igf-1 and Igf-2 have distinct gradients of expression in developing
cortical cells (as well as murine forebrains) that result in time -dependent differential activation of
downstream signalling pathways. Igf levels are highest during early forebrain development, and reduce
with age. A decrease in mTOR levels and its readout too, is observed at E16.5 as compared to E13.5.
Further proof of evidence is seen where Igf-1 exerts a pro-survival effect at E13.5, but not at E16.5.
Inhibition of downstream targets of the Igf-1 cascade display reduced proliferation, indicating a role of Igf-
1 in either cell survival and/or differentiation.

Tgff3 pathway is known to interact with the Igf cascade at multiple levels, namely at PI3K, Akt, and FoxO.
Molecular impedence of Igf-1r cascade, showed reduction in levels of downstream signalling cascade
members of the canonical Igf-1 pathway, but despite this there was an evident Akt activation. We
speculate an involvement of Tgff3 pathway at this juncture, and convergence of Igf-1 and Tgff3 pathways
interacting together, to govern cell fate decisions in early murine forebrain development.

This study was funded through grants from the Deutsche Forschungsgemeinschaft.
This study was also supported in part, by the Excellence Initiative of the German Federal and State
Governments (GSC-4) Spemann Graduate School)
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To understand the role of transforming growth factor beta (Tgf-beta)in forebrain development, we
characterize the function of Tgf-beta signalling in vivo. Since FoxG1 is expressed in progenitors and
neurons of telencephalon, we used a FoxG1-cre knock-in mouse line to conditionally knock-out Tgfbr2.

In subcortical area of FoxG1°e/*; Tgfor2flox/flox mytants we observed impaired vasculature, namely an
atypical glomeruloid-like tufted appearance of vessels, reduction in branching and vessel amounts.
These defects were seen only upon combined reduction of FoxG1 and knock-out of Tgfbr2. Since FoxG1
is not expressed in endothelial cells as well as pericytes, Tgfbr2 is still present in these cells.

This leads to the hypothesis that vascular defects arise from a miscommunication between neurons and
vessels, possibly involving secretion in this process. To analyse altered secretion in mutants, we

harvested conditional medium from neuronal cultures of FoxG1°¢/*; Tgfbr2 loXflox and control tissues.
We then stimulated HUVEC with this conditional medium to assess tube formation on a 2D-matrigel and
confirmed a branching defect in vitro as well as a reduced tube length. HUVEC also showed impaired
migration ability towards conditional medium of mutants as compared to that of controls.

Thus, we are analysing molecular signals of neuronal as well as progenitor origin that potentially affect
endothelial development and maturation. We observe no change in expression of Vegfa on protein and
RNA level. Nevertheless we detect an enhanced accumulation of Vegfa-complexes in the subcortical
area of mutants. This implies a reduced Vegfa availability for endothelial cells and could lead to a
disorganised tip and stalk cell formation, accompanied by less branching.

In conclusion, towards identifying a cause of leaky and unstable vessels, we hypothesise a
combination of defects in:

—

. signalling from neurons and progenitors

N

. differentiation of endothelial cells
3. proper arrangement of extracellular matrix components

4. cell-matrix adhesion protein expression and arrangement.
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Establishment of long-range fiber tracts by neocortical projection neurons is fundamental for higher brain
functions. The molecular control of axon tract formation, however, is still poorly understood. Here, we
have identified basic helix-loop-helix (bHLH) transcription factors Neurod2 (NDRF) and Neurod6 (NEX)
as key regulators of fasciculation and targeted axogenesis in the mouse neocortex. In Neurod2/6 double
mutant mice, callosal axons lack expression of the cell adhesion molecule Contactin2, defasciculate in
the subventricular zone, and fail to grow towards the midline without forming Probst bundles. Instead,
mutant axons overexpress Robo1 and follow random trajectories into the ipsilateral cortex. In contrast to
long-range axogenesis, generation and maintenance of pyramidal neurons, and initial axon outgrowth
are grossly normal suggesting that these processes are under distinct transcriptional control. Our findings
define a new stage in corpus callosum development and demonstrate that neocortical projection neurons
require transcriptional specification by neuronal bHLH proteins to execute an intrinsic program of remote
connectivity.
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olfactory bulb layers in the American Mink (Neovison
vison var. atratus)
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The olfactory bulb is composed of neurons, arranged in typical layers: |) the outermost layer, the fila
olfactoria layer (FILA) constitutes the axons of the olfactory sensory cells carrying the olfactory
information input; 1) in the glomerular layer (GLOM) the olfactory information is synaptically transmitted
to the mitral cell apical dendrite within the glomeruli, surrounded by periglomerular interneurons; lll) the
external plexiform layer (EPL) is a processing layer, comprising the external dendrites of the granule cells
synapsing to the mitral cell secondary dendrites; IV) in the mitral cell layer (MCL), the somata of these
relais neurons are located; V) the internal plexiform layer (IPL), is a connecting layer, where mitral cell
axons and granule cell dendrites pass; VI) the granule cell layer (GCL) contains the granule cell somata,
the major interneurons for information processing; VIl) in the stratum album (STR) many centrifugal fibers
reach the bulb; VIII) the subependymal layer (SUB) surrounds the ventricle; 1X) the ventricle (VEN) is
seen prenatally.

During the postnatal development, the bulb grows continuously until adulthood, thus we were interested if
the layers expand proportionally indicating same functional activity from birth on, or if the layers develop
asymmetrically, pointing to activity-dependent network compositions. Therefore, we investigated
histologically the olfactory bulb of the American mink (Neovison vison var. atratus), a species born very
altricial in which a major part of development takes place postnatally.

A total of 36 males (aged newborns, postnatal day 1, P1, up to seven months, P210) were analyzed
using a computer-assisted graphic tablet to measure the layers in nissl-stained frozen sections.

The total bulb volume increases in size continuously from 1.85 £0.04 mm?3 at P1 to 152.00£9.14 mm?3 in
adults, a 82-fold increase, however the composition pattern is highly significantly different. The inner
layers (SUB P1: 7.4310.42%, P210: 0.92+0.72%; STR P1: 16.981£0.47%, P210: 8.61+1.26%) decrease in
proportion possibly due to the retraction of the ventricle and reduction of centrifugal migration, whereas
the outermost layer (FILA) increases significantly in proportion (P1: 15.92+1.08%, P210: 26.90£5.18%).
As shown earlier, the fila volume is rather correlated to the size of the animal than to the size of the
brain; with the fact that the postnatal body size increase is unproportionally higher compared to brain size
increase, the earlier findings are in line with our current result of postnatal increase in the FILA-
proportion.

Furthermore, layers containing the cell bodies increase less in volume compared to the whole bulb (MCL
24-fold; GCL 70 -fold), whereas the processing plexiform layers increase unproportionally more (EPL
361-fold; IPL 188-fold) so their proportion on the whole bulb increases postnatally (EPL: P1 4.57+0.32%,
P210 19.161£2.74%, IPL: P1 1.45+0.17%; P210 3.74+0.54%). This indicates that the major changes are
less related to the number of cells but to the size of neurons especially the expansion and branching of
their processes. This suggests that at birth a great number of cells are already present while the
formation of the neuronal network connectivity develops predominantly postnatally.



Thus, the olfactory bulb layers do not expand proportionally during postnatal development but the
composition of the layers change according to their information processing and functional activity.
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Role of histone modifications during cerebral cortex
development
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Precursor cells residing in ventricular and subventricular zones give rise to the adult cerebral cortex,
which consists of six layers formed in an “inside-out manner” during development. Functionally
specialized areas of the neocortex are formed through a gradient of gene expression inthe
neuroepithelium. This composition relies on a time dependent cell fate decision of precursor cells. Two
genes proposed to regulate arealization are the paired -box transcription factor Pax6 and the empty
spiracles homologue 2 Emx2. Pax6 is usually expressed in a high rostrolateral and low caudomedial
gradient whereas Emx2 shows an opposite gradient across the ventricular zone.

Recent advances in neuroscience support the importance of epigenetic modifications, such as
methylation, acetylation and ubiquitylation of histones, for function and development of the central
nervous system. Histone modifications are known to regulate gene transcription and they can be
inherited to subsequent cell generations.

The aim of our project is to investigate differences in histone modifications of progenitors in rostral and
caudal cortex of the developing neocortex, namely motor and visual cortex, and to reveal correlations to
the transcriptome. Our speculation is that regional as well as temporal identities of progenitors are
correlated with specific patterns of modified histones and that these patterns are necessary for proper
specification of cellular identity within a certain cortical area.

We started our analyses with isolation of motor and visual cortices of E14.5 and E18.5 embryonic mouse
brains, applied FACS to purify Pax6 and Emx2 positive cells of E18.5 cortices using specific antibodies
and intend to perform ChlIP-Seq.

To decide upon which histone modification we will use for ChlP-analyses, we study different histone
modifications for spatio-temporal differences using Western Blots. Thus far, we observed expression
changes between rostral and caudal cortex for H3K4 trimethylation (H3K4me3). This modification is
linked to transcriptional activation and will therefore be the start of our ChIP-Seq analyses.

H3K79 methylation is described as being associated with transcriptional activity but also with
transcriptional inert genomic regions. Moreover it has been shown that H3K79 methylation depends on
the monoubiquitylation of H2B (H2Bub). Since a crosstalk between H3K4me3, H3K79me2/3 and H2Bub
is known, we will include these histone modifications into our ChlP-analyses as well.
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Sam68, a member of the STAR Family (Signal Transduction and Activator of RNA Metabolism) is a
multifunctional RNA-binding protein involved in signal transduction, alternative splicing, mRNA translation
and mRNA transport. So far the role of Sam68 and the related STAR Family proteins SIm-1 and Sim-2
(Sam like mammalian protein 1 and 2) during forebrain development are not well understood. In this
study, the functional importance of the STAR Family during mouse forebrain development was analyzed
by overexpression experiments in E13.5 cortical neural stem/progenitor cells (NSCs) with respect to
differentiation and proliferation. In addition, immunohistochemical stainings were performed to expose
the endogenous expression pattern of Sam68, SIm1 and SIm2 in the forebrain at developmental stages
E13.5 and P10. The results indicate that forced expression of Sam68 and Sim-1 resulted in facilitated
neuronal differentiation of NSCs, while the overexpression of SIim-2 exhibited an effect on the
maintenance of NSC proliferation. A possible intracellular mechanism by which STAR proteins may affect
NSC behaviour is the activity of the MAPkinase pathway, given that EGF stimulated ERK phosphorylation
is reduced upon overexpression of STAR proteins while the response the FGF-2 is unaltered. In addition,
SIm-2 overexpression inhibits oligodendrocyte differentiation and maturation.
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Tgf-3 signaling has been shown to play a pivotal role during embryonic development and shows different
effects on tumorigenesis. Amongst others it induces signals for differentiation, apoptosis and proliferation
depending on tissue type and developmental stage.

Our group investigates the role of Tgf-f3 during development of the forebrain using a conditional Tgfbr2

knockout. FoxG1°®/*;Tgfbr2foX/flox mice show intracranial bleedings in the forebrain beginning at
developmental stage E12.5. Responsible for these bleedings is a defect in the formation of the
neurovasculature, but molecular mechanisms behind these malformations remain elusive.

Here we make proteomic approaches to reveal these molecular mechanism. One approach employs
combination of Stable Isotope Labeling with Aminoacids in Cell Culture (SILAC) of neurospheres from

FoxG1°e/*: Tgfor2flox/flox foreprains, and mass spectrometry for analyses of protein differences in
comparison to control cells. The proteome that is revealed through this approach promises to uncover
candidate molecules implicated in the intracerebral hemorrhages of Tgfbr2-deficient mice, and will give
new insights into the signaling pathways of neuronal progenitors.

The second attempt targets secreted proteins. In this approach, cells are cultured with a mannose-azide
derivative. Prior to mass-spectrometric analyses, newly synthesized and secreted proteins are 