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The epigenome of neurodegenerative disease: Novel strategiesto treat
dementia

Andre Fischer!

1European Neuroscience Institute, Laboratory for Aging and Cogntive Diseases, Grisebach Str 5, 37077 Goéttingen, Germany1

Changes in gene expression in the brain may underlie cognitive deficits inherent to both normal aging and
neurodegenerative disease. However, the mechanisms underlying pathological alterations in the brain
transcriptome are little understood. Epigenetic mechanisms such as histone acetylation have been shown to be
important for memory processes in the adult brain. There is now accumulating evidence that altered chromatin
plasticity and histone acetylation are also involved in cognitive aging, neurodegeneration, and neuropsychiatric
diseases. Histone deacetylase (HDAC) inhibitors exhibit neuroprotective and neuroregenerative properties in
animal models of various brain diseases. As such, targeting the epigenome, for example via HDACs, seems to be a
promising therapeutic strategy. In this presentation, I will discuss the current knowledge on HDAC proteins and
the possible function of distinct histone modifications in neurological diseases. I will also address the interaction of
histone-modifications with other epigenetic marks such as changes in the entire RNAome during disease
pathogenesis. I will argue that better knowledge of those processes will aid in the development of diagnostic tools
and help in designing potent treatment for neurological disorders.
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Neuronal mechanisms of attention in monkey visual cortex

John HR Maunselll, Marlene R Cohen!

'Harvard Medical School, Department of Neurobiology, 220 Longwood Avenue, 02115 Boston, USA

Visual attention improves perception for an attended location or feature and also modulates the responses of
sensory neurons. In laboratory studies, the sensory stimuli and task instructions are held constant within an
attentional condition, but despite experimenters’ best efforts, the attention of a subject likely varies from moment
to moment. Electrophysiological studies based on single neurons have been unable to use neuronal responses to
identify attentional fluctuations and determine whether these are associated with changes in behavior. We show
that an instantaneous measure of attention based on the responses of modestly sized neuronal populations in area
V4 of rhesus monkeys can reliably predict large changes in the animal’s ability to perform a difficult
psychophysical task. Unexpectedly, this measure shows that the amount of attention allocated at any moment to
locations in opposite hemifields is uncorrelated, suggesting that animals allocate attention to each stimulus
independently.
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Memory consolidation during aging: The role of histone acetylation
along gene-coding regions

Shahaf Peleg1

1European Neuroscience Institute Goéttingen (ENI-G), Grisebachstr. 5, 37077 Géttingen, Germany

During aging, a gradual decline is frequently observed in the performance of cognitive and memory tasks.
Importantly, aging is also the major risk factor for neurodegenerative diseases, which affect millions of people
worldwide. The reasons for the decline in brain function during aging are however not well understood.

Previous studies suggest that remodeling of the chromatin structure via histone acetylation, a process modulating
the availability of genes for transcription, may play a central role in memory formation. The acetylation of histones
is regulated by two main classes of proteins, histone-acetyltransferases (HATs) and histone-deacetylases
(HDAC:S). Interestingly, the inhibition of HDACs, has already been implicated with facilitated learning ability and
increased neuronal plasticity.

We demonstrate that during memory consolidation, hippocamapal Histone 4 lysine (K) 12 acetylation levels is
uniquely dysregulated in older mice when compared with younger mice. Based on the results obtained by using the
ChIP-seq technique on a whole hippocampus tissue, we were able to propose a model by which histone
acetylation contribute to age-associated memory impairment. In addition, we found that the administration of
HDAC inhibitors, which elevate H4K12ac, is able to reinstate learning-induced gene expression and memory
function in older mice. Our work reveals that H4K12ac may serve as a novel therapeutic target to treat age-
associated memory impairment. Finally, our model of how H4K12ac is linked to gene expression dysregulation
might account for various age-associated maladies.
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Non-invasive near -infrared fluor escence imaging of stroke
pathophysiology

Jan Klohs!

Unstitute for Biomedical Engineering, ETH & University of Zurich, Zurich, Switzerland
2Center for Stroke Research Berlin (CSB), Department of Experimental Neurology, Charité - University Medicine Berlin, Germany

3German Heart Center, Berlin, Germany

Light in the near-infrared (NIR) region between 700—900 nm can penetrate deep into living tissue, thereby offering
a unique opportunity to use near-infrared fluorescence (NIRF) imaging techniques to detect and visualize
fluorescent probes in the intact organism. The technique relies on the technical ability to spatially resolve and
quantify fluorescence emission in-vivo. Here, we present the design and construction of a NIRF imaging system
for small animals. The system can be operated in epi-fluorescence mode as planar NIRF imaging. In this mode,
the fluorescence intensity distribution at the sample surface is analyzed. Using an in-vivo phantom we could show
that planar NIRF imaging has a high detection sensitivity and is capable of detecting pmol amounts of
fluorochromes. However, residual absorption leads to signal attenuation by one order of magnitude per centimeter
of tissue. In addition, photons are severely scattered at depths exceeding 0.5 mm, rendering the extraction of
accurate spatial information difficult. Quantitative analysis of fluorescence emission can be achieved using
fluorescence molecular tomography (FMT). FMT uses sequential image acquisition schemes and application of an
inversion code for three dimensional reconstruction of fluorochrome distribution. The reconstruction leads also to
an improved image resolution of the order of 1 mm as compared to planar NIRF techniques, where image
resolution is about 2-3 mm with no information of depth.

An increasing number of fluorescent probes emitting in the NIR have been developed. We present examples for
the successful application of NIRF imaging to assess relevant pathophysiological processes in a mouse model of
stroke (middle cerebral artery occlusion, MCAQ). NIRF probes can be classified by their mechanism of contrast
generation as non-specific, targeted and activatable probes. Non-specific fluorescent probes are usually NIR dyes
which achieve contrast by distributing differentially in tissue based on the pharmacokinetic properties. We could
show that NIRF -labeled albumin can be used for non-invasive detection of blood-brain barrier impairment after
MCAO. However, circulating NIRF probe creates a high degree of background fluorescence making reducing
attainable contrast. Targeted NIRF probes consist of a NIR dye and a targeting moiety and achieve contrast when
probe is bound to the target while unbound probe fraction is cleared from the circulation with improved contrast.
Using a fluorescently labeled monoclonal antibody against the CD40 receptor we were able to specifically
visualize brain inflammation in mice after MCAQ. Further gain in contrast can be made by the use of activatable
probes. Activatable probes consist of fluorescent dye molecules in close proximity to each other, leading to dark
quenching of the fluorescence. The fluorescence emission is recovered by enzyme -mediated cleavage. We have
used a NIRF probe which can be activated by matrix metalloproteinases (MMPs). We have studied MMP activity
at different stages after MCAO and to monitor treatment response with an MMP inhibitor.

Although, the non- linear dependence of fluorescence signal and depth makes quantification technically difficult
and the scattering of the light limits the achievable resolution of the method, it is expected that NIRF imaging will
continue to play a pivotal role in studying animal models of neurological disease and for the pre-clinical
development of drugs.
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Visualizing circuitsin thevisual system

Joshua Richard Sanes!

'Harvard University, Center for Brain Science, 52 Oxford, 02138 Cambridge MA, USA

Formation of neural circuits requires that axons recognize appropriate cells, and even appropriate parts of cells,
upon which to synapse. As an orderly and accessible part of the brain,the retina is well suited for analyzing
mechanisms and molecules that underlie these processes, and for relating developmental events to adult circuit
function. In the retina, amacrine and bipolar cells form synapses on retinal ganglion cells (RGCs) in the inner
plexiform layer (IPL). The visual features to which different RGC subtypes respond depend on what inputs they
receive is specific sublaminae in the IPL. We have therefore sought molecules that mark RGC subtypes and
mediate lamina -specific connectivity. Candidates include members of the immunoglobulin superfamily, such as
Sidekicks, Dscams and JAMs, and members of the cadherin superfamily, such as Class II and protocadherins. I
will discuss our progress toward identifying and testing such candidates. I will also discuss how transgenic mouse
lines generated in the course of these studies have allowed us to uncover cell types and circuits that were not
observed in previous studies that treated RGCs as a single group.
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Neur obiology of Insect Acoustic Communication

Berthold Hedwig1

1Department of Zoology, Downing Street, Cambridge CB2 3EJ, UK

Insect acoustic communication is best known in cicada, grasshoppers, crickets and bush -crickets. These species
use far field acoustic signalling for intraspecific communication, because mate finding is a challenge in dense and
cluttered vegetation. Sound signals, produced by timbals or stridulatory organs can reach more than 100 dB SPL,
cover sonic and ultrasonic frequencies, and are species -specific and genetically fixed. As sound has a transient
nature, repetitive signal patterns are used to enhance the chances of being heard. In these insects, different hearing
organs with a tympanic membrane and sensitive primary auditory afferents have evolved to pick up acoustic
signals and to forward auditory activity to the central nervous system. Generally males produce a calling song to
attract females or to evoke a female auditory response. In either case acoustic signalling guides a phonotactic
approach towards the other sex. Consequently the neural basis of signal generation and auditory processing are in
the centre of neurobiological research which during the last decades has especially focussed on crickets as a model
system. So what are the neural mechanisms underlying acoustic communication?

In crickets singing behaviour is controlled by the brain via descending command neurons, which drive the singing
motor network in the ventral ganglia. Song patterns are generated by rhythmic movements of the front wings and
as the wing motoneurons are located in the 2nd thoracic ganglion it had been assumed that the same ganglion will
also house the singing central pattern generator Exploring the CNS with intracellular recordings, however,
revealed interneurons in the abdominal ganglia as key players for singing motor pattern generation. While singing,
the males face a fundamental neurobiological problem as their own auditory pathway is exposed to the self
generated sound pattern which could desensitize their hearing. Crickets, however, use a corollary discharge
mechanism that reduces the response of auditory neurons during singing.

Female acoustic orientation behaviour has been analysed using trackball systems. The animals show hyper-acute
directional steering and respond to changes in the direction of acoustic stimulation as small as 1 deg off their
length axis. This acuity is reflected in corresponding tympanic membrane vibrations and afferent activity. At the
level of thoracic auditory interneurons directional contrast is enhanced by reciprocal inhibition and auditory
activity forwarded to the brain. Female phonotaxis is tuned to the temporal structure of the species-specific male
calling song but what are the neural mechanisms underlying the recognition of the song? We identified a network
of local auditory brain neurons. Some of these neurons exhibit a tuning towards the temporal pattern of the male’s
calling song based on sequences of excitatory and inhibitory synaptic interactions. In terms of auditory processing
temporal filtering occurs at a very early stage within the brain. Pattern recognition finally must be linked to
descending pre-motor interneurons that control phonotactic walking and steering.
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The memory function of sleep

Jan Born!

1Department of Neuroendocrinology, University of Liibeck, 23538 Liibeck, Germany

Whereas memories are encoded and retrieved optimally only when the brain is awake, the consolidation of
memories requires an offline mode of processing as established optimally only during sleep. Declarative memories
benefit particularly from slow wave sleep (SWS), whereas procedural and emotional aspects of a memory appear
to benefit additionally from rapid eye movement (REM) sleep. Recent studies have elucidated some of the
neurophysiological mechanims underlying the consolidation of memories during sleep, especially in the
hippocampus-dependent declarative memory system. Consolidation in this system critically relies on the covert
reactivation of newly encoded memories within hippocampal circuitry during SWS which likely stimulates the
gradual transfer and redistribution of representations to the neocortex for long term storage. Memory reactivations
in the hippocampus are driven by (<1Hz) EEG slow oscillations which are generated in neocortical networks,
partly depending on the use of these networks for encoding of information during prior learning. By synchronizing
the hippocampo-neocortical dialogue with specific activity from other brain regions, including thalamo-cortical
spindle activity and locus coeruleus burst activity, slow oscillations enable persisting plastic changes underlying
the long-term storage of memories in the neocortex.
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A neurobiological approach towards insect photoperiodism

Sakiko Shiga1

10saka City University, Graduate School of Science, 3-3-138, Sugimoto, Sumiyoshi, 558-8585 Osaka, Japan

The lives of most animals are organized on a seasonal schedule. To predict seasons a most reliable environmental
signal is photoperiod. Animals adjust to seasonal variation in temperature, and food or water supply by responding
to photoperiod. Photoperiodism controls seasonal development in various insects. Since Marcovitch in 1923 first
showed insect photoperiodism in the strawberry root aphid, Aphis forbesi, which switches parthenogenesis to
bisexual reproduction by responding to short days, a large number of papers have appeared on photoperiodic
control of diapause and seasonal morphs. The minimal requirements for photoperiodism are photoreceptors, a
photoperiodic clock and hormonal effectors. Although photoreceptors and hormonal effectors have been studied in
many species, the neural mechanism underlying the photoperiodic clock has not been addressed. Biinning first
pointed out in 1936 that endogenous circadian rhythms are involved in the measurement of day or night length in
the photoperiodic clock. After a long break, just recently mutant analysis and RNA interference studies have
shown in several species that circadian clock genes, period, timeless or cycle, are involved in photoperiodism. Yet
important neurobiological questions are unsolved: How do circadian clocks contribute to day-length measurement
on the cellular level ? ; How is the number of short or long days counted in the brain? ; How do environmental
signals control hormone releases, and what is the underlying neuronal circuitry? In Drosophila melanogaster
circadian clock genes and neurons are well studied. However, its photoperiodic responses are shallow and
therefore is difficult to assay. We are then foccusing on photoperiodism in the blowfly Protophormia terraenovae,
combined with comparative studies using different species.

Ablation experiments showed that secretory pars lateralis neurons in the dorsal protocerebrum are important for
diapause induction under short- days commonly in P. terraenovae, the bean bug Riptortus pedestris, and tobacco
hornworm Manduca sexta. These pars lateralis neurons innervate neurohemal organs, suggesting that these neurons
are involved in control of hormone production or release. Next we examined the roles of circadian clock neurons
in photoperiodism. In P. terraenovae, five types of PERIOD -immunoreactive cells were found. When a type of
PERIOD cells (s-LN,s) were bilaterally ablated, flies became arrhythmic in behavior and did not discriminate

photoperiod, suggesting that circadian clock neurons are involved in photoperiodism. In the s-LNs, PERIOD-

immunoreactivity was highest in the nucleus at 12 h after lights-off and lowest 12 h after lights-on regardless of
photoperiod. Thus, as in D. melanogaster, PERIOD nuclear translocation entrains to photoperiod and day-length
information seems to be encoded in clock cells. Immuno-electronmicroscopy revealed synaptic connections from
s-LNs to the pars lateralis neurons indicating that clock neurons could directly affect hormone release.

To summarize, our results suggest that circadian clock neurons, s-LNs, are involved in time measurements and

may synaptically signal day-length information to the pars lateralis neurons for hormonal control. We have now to
determine how the clock neurons switch the activity of pars lateralis neurons, and how the number of day-length is
counted or stored in the brain.
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Molecular mechanisms controlling neur ogenesis and tumorigenesis
in the CNS stem cells

Role of Tailless (Tlx) in neurogenesis and gliomagenesis
Hai-Kun Liu

THE CELL- DEATH LIGAND CD95 HAS CONTEXT DEPENDENT ROLES IN NEUROLOGICAL
DISORDERS, STEM CELL PHYSIOLOGY AND PRIMARY BRAIN TUMORS
Ana Martin-Villalba

Identification of a transcriptional network that drives mesenchymal transformation in gliomas

Maria Sella Carro, Wei Keat Lim Lim, Mariano Javier Alvarez, Robert J. Bollo, Xudong Zhao, Evan Y.
Shyder, Erik P. Sulman, Sandrine L. Anne, Fiona Doetsch, Howard Colman, Anna Lasorella, Ken Aldape,
Andrea Califano, Antonio lavarone

Bone morphogenetic protein -7 release from endogenous neural precursor cells suppresses the
tumourigenicity of glioblastoma stem cells.

Michael Synowitz, Sridhar R. Chirasani, Alexander Sernjack, Peter Wend, Sefan Momma, Benito Campos,
[laria M. Herrmann, Daniel Graf, Thimios Mitsiades, Christel Herold-Mende, Daniel Besser, Helmut
Kettenmann, Rainer Glass

Neural precursor cells induce glioma cell-death via stimulation of TRPV1

Rainer Glass, Jitender Kumar, Kristin Sock, Michael Synowitz, Stefania Petrosino, Roberta Imperatore,
Ewan S. J. Smith, Peter Wend, Bettina Erdmann, Ulrike A. Nuber, UIf Gurok, Vitali Matyash, Joo-Hee
WalZein, Sidhar R. Chirasani, Gary R. Lewin, Luigia Cristino, Vincenzo Di Marzo, Helmut Kettenmann
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Role of Tailless (T1x) in neurogenesis and gliomagenesis

Hai-Kun Liu!

!German Cancer Reseasrch Center (DKFZ), Helmholtz Professorship Molecular Biology of the Cell I, Im Neuenheimer Feld 581, 69120
Heidelberg, Germany

Malignant gliomas are the most common primary brain tumors and associated with frequent resistance to therapy
as well as poor prognosis. Here we demonstrate that the nuclear receptor tailless (Tlx), which in the adult is
expressed exclusively in astrocyte-like B cells of the subventricular zone, acts as a key regulator of neural stem
cell (NSC) expansion and brain tumor initiation from NSCs. Overexpression of Tlx antagonizes age -dependent
exhaustion of NSCs in mice and leads to migration of stem/progenitor cells from their natural niche. The increase
of NSCs persists with age and leads to efficient production of newborn neurons in aged brain tissues. Tlx-
overexpressing NSCs initiate the development of glioma-like lesions and gliomas and glioma development is
accelerated upon loss of the tumor suppressor p53. We also demonstrate that TIx transcripts are overexpressed in
human primary glioblastomas, and the Tlx gene is amplified in some of the human brain tumors. Further we found
that Tlx inhibits the expression of its target genes PTEN and p2lin NSCs. Inactivation of those two genes
specifically in adult NSCs leads to glioma formation, which mimics the Tlx-overexpressing phenotype. Our study
clearly demonstrates how NSCs contribute to brain tumorigenesis driven by a stem cell-specific transcription
factor, thus identifies a crucial pathway for NSC maintenance and brain tumor initiation.
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THE CELL-DEATH LIGAND CD95 HAS CONTEXT DEPENDENT
ROLESIN NEUROLOGICAL DISORDERS, STEM CELL
PHYSIOLOGY AND PRIMARY BRAIN TUMORS

Ana Martin-Villalba!

! German Cancer Research Center, Molecular Neurobiology (G381), Heidelberg, Germany

No abstract available
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| dentification of a transcriptional network that drives mesenchymal
transformation in gliomas

Maria Stella Carrol’z, Wei Keat Lim Lim3’4, Mariano Javier Alvarez4’5, Robert J. B01109,
Xudong Zhao!, Evan Y. Snyderlo, Erik P. Sulman!!, Sandrine L. Anne!, Fiona Doetsch®,

Howard Colmanlz, Anna Lasorella1°6’7, Ken AldapeB, Andrea Califano 34> , Antonio

lavarone 1:0-8

1University of Freiburg, Department of General Neurosurgery, Breisacherstralie 64, 79106 Freiburg, Germanyzlnstitute for Cancer Genetics
3Department of Biomedical Informatics*Center for Computational Biology and Bioinformatics >Joint Centers for Systems Biology,
6Department of Pathology,7Pediatrics 8 and Neurology, Columbia University Medical Center, New York, NY, 10032 9 Department of
Neurosurgery, New York University School of Medicine & NYU Langone Medical Center, New York, NY, 10016.1°Burnham Institute for

Medical Research, La Jolla, CA 92037 ' Division of Radiation Oncology,lzDepartment of Neuro-Oncology B3Department of Pathology,
M.D. Anderson Cancer Center, Houston, Texas 77030.

High-grade gliomas are the most common intrinsic brain tumors in adult and are essentially incurable. The
mesenchymal sub-class of gliomas expresses genes linked to the most aggressive properties of tumors (migration,
invasion and angiogenesis) and is associated with the worst prognosis. In this study, we aimed at the identification
of transcription factors the drive the activation of the mesenchymal genes in high-grade gliomas. The ability to
pinpoint key regulator of this signature is crucial in order to develop new therapeutic options in the treatment of
high grade gliomas.

We have applied ARACNe (Algorithm for the Reconstitution of Accurate Cellular Network) to a panel of 176
tumor samples and have identified a small network of transcription factors connected to the mesenchymal
signature. Computational and validation experiments have pointed two transcription factors (Stat3 and C/EBPR) as
synergistic initiators and master regulators of the mesenchymal signature in gliomas. Ectopic co-expression of
Stat3 and C/EBPS reprogram neural stem cells along the aberrant mesenchymal lineage, whereas elimination of the
two factors in glioma cells leads to collapse of the mesenchymal signature and reduces tumor aggressiveness. In
human gliomas, expression of Stat3 and C/EBPB predicts poor clinical outcome. Taken together, these results
reveal that activation of a small module is necessary a suffiecient to initiate and maintain an aberrant phenotypic
state in eukaryotic cells.
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Bone mor phogenetic protein-7 release from endogenous neural
precursor cells suppresses the tumourigenicity of glioblastoma stem
cells.

Michael Synowitzm, Sridhar R. Chirasaniz, Alexander Stemjack3 , Peter Wend4, Stefan
Momma? , Benito Campos6, Ilaria M. Herrmann6, Daniel Graf7, Thimios Mitsiades7, Christel
Herold-Mende6, Daniel Besserg, Helmut Kettenmannz, Rainer Glass?

1Depalr‘[ment of Neurosurgery, Charité University Hospital, 13353 Berlin, Germany. 2Cellular Neuroscience-, >Cellular Immunology-,
4Signal Transduction-, Epithelial Differentiation-, Invasion and Metastasis-, 8Embryonic Stem Cells-Research Groups at the Max Delbriick
Centre for Molecular Medicine (MDC), 13125 Berlin, Germany. SRestorative Neurology Group, Edinger Institute Frankfurt/ M., 60528
Frankfurt/ M., Germany. ®Division of Neurosurgical Research, Department of Neurosurgery, University of Heidelberg, 69120 Heidelberg,
Germany. 7Zentrum fiir Zahn-, Mund-und Kieferheilkunde der Universitit Ziirich, Plattenstrasse 11, CH-8032 Ziirich.

Glioblastoma cells with stem-like properties (glioblastoma stem cells) control brain tumour growth and recurrence.
Here, we show that endogenous neural precursor cells perform an anti- tumour response by specifically targeting
glioblastoma stem cells: In vitro, neural precursor cells predominantly express BMP7; BMP7 is constitutively
released from neurospheres and induces canonical BMP signalling in glioblastoma stem cells. Exposure of human
and murine glioblastoma stem cells to neurosphere-derived BMP7 induces tumour stem cell differentiation,
attenuates stem -like marker expression, reduces self-renewal and the ability for tumour initiation. Neurosphere-
derived or recombinant BMP7 reduces glioblastoma expansion from stem-like cells by down-regulating the
transcription factor Olig2. In vivo, large numbers of BMP7-expressing neural precursors encircle glioblastoma in
young mice, induce canonical BMP signalling in glioblastoma stem cells and can thereby attenuate tumour
formation. This anti-tumour response is strongly reduced in older mice. Our results indicate that endogenous neural
precursor cells protect the young brain from glioblastoma by releasing BMP7, which acts as a paracrine tumour
suppressor that represses proliferation, self-renewal and tumour-initiation of glioblastoma stem cells.
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Neural precursor cellsinduce glioma cell-death via stimulation of
TRPV1

Rainer Glass 1, Jitender Kumarl, Kristin Stockl, Michael Synowitzl’z, Stefania Petrosin03,

Roberta Imperatore4, Ewan St. J. Smith? , Peter Wend6, Bettina Erdmann7, Ulrike A. Nuberg,

UIf Gurok?, Vitali Matyashl, Joo-Hee Wilzlein!, Sridhar R. Chirasani?, Gary R. Lewin, Luigia

Cristin04, Vincenzo Di Marzo3, Helmut Kettenmann !

ICellular Neuroscience, SMolecular Physiology of Somatic Sensation, 6Signal Transduction, Epithelial Differentiation, Invasion and
Metastasis, ’Central Facility for Electron Microscopy; at the Max Delbriick Centre for Molecular Medicine (MDC), 13125 Berlin, Germany.
2Depar'[ment of Neurosurgery, Charité-Universitidtsmedizin Berlin, 13353 Berlin, Germany.
3Endocannabinoid Research Group, Institute of Biomolecular Chemistry, Institute of Cybernetics, Consiglio Nazionale delle Ricerche, 80078
Pozzuoli (NA), Italy.
8Stem Cell Gene Regulation, Lund University, SE-221 00 Lund, Sweden.
9Max Planck Institute for Molecular Genetics, 14195 Berlin, Germany.

Gliomas are incurable primary brain tumors. Here, we describe that neural stem and precursor cells (NPCs) exert a
paracrine defense against gliomas. Gliomas have increased expression-levels of the transient receptor potential
vanilloid subfamily member -1 (TRPV1) as compared to tumor -free brain. NPCs migrate to gliomas and induce
tumor cell-death by releasing bioactive lipids which activate TRPV1. NPC-released TRPV1 agonists mediate cell-
death of primary human glioblastoma cells and glioma cell lines, by triggering the activating transcription factor-3
(ATF3) controlled branch of the ER-stress pathway. In vivo, NPCs induce brain tumor cell-death and prolong
survival in mouse models bearing wild-type but not TRPV1 knock-down tumors. NPC-mediated tumor
suppression is restricted to the young brain, but can be recapitulated in the old brain by systemic administration of
the synthetic vanilloid Arvanil, offering a new therapeutic strategy for glioblastoma.
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S2. Levels of olfactory plasticity in insects

Not just hard-wired: Developmental plasticity in the Manduca olfactory system
Lynne Ann Oland

Developmental plasticity and adult maturation of olfactory synaptic microcircuits in the mushroom bodies
of the honeybee
Claudia Groh, lan Meinertzhagen, Wolfgang Rossler

Mating-induced differential sex-pheromone and plant odour processing in a male moth
Romina Barrozo, Christophe Gadenne, Sylvia Anton

Structural plasticity in the honeybee brain related to memory formation.
Jean-Marc DEVAUD, Benoit Hourcade, Damien Lefer, Thomas Muenz, Wolfgang Rossler, Jean-
Christophe Sandoz

Adaptive dynamics on different time scales throughout the olfactory pathway enhances efficient coding of
odor features
Mark Stopfer, Joby Joseph, Stacey Daffron

Olfactory coding and olfactory learning in Drosophila: an optical imaging approach
André Fiala
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Not just hard-wired: Developmental plasticity in the Manduca olfactory
system

Lynne Ann Oland!

1University of Arizona, Department of Neuroscience, PO Box 210077, 85721-0077 Tucson, USA

The olfactory pathway of the moth Manduca sexta provides an experimentally advantageous sensory system in
which to study developmental and adult plasticity. The animal is large at interesting developmental stages, the
sensory periphery and the olfactory centers in the CNS are readily accessed for surgery and for recording, it has
robust odor-modulated behavior, and there is a wealth of data about the anatomy and physiology of both the
developing and adult systems. Importantly, the moth olfactory (antennal) lobe has an organization that closely
resembles that of the vertebrate olfactory bulb. Although it is somewhat simpler, there is sufficient complexity in
both its neuronal and glial elements that it serves as a useful model. This talk will summarize the work of several
laboratories that have focused on the moth as a model system.

From a developmental perspective, metamorphic adult development is a time during which many steps in
development typically associated with embryogenesis occur, largely in the absence of neuronal activity. During
this period, the system is sensitive to a variety of influences, including especially the ingrowth of sensory axons.
Studies in Manduca during this period have revealed the critical importance of sensory input: (1) in the absence of
receptor ingrowth, the normal glomerular structure of the neuropil and the normal tufted character of the dendritic
arbors of antennal lobe neurons are absent; (2) male sex-specific glomeruli and behavior can be induced in a
female host animal by transplanting a male antenna onto the female at the beginning of metamorphosis; (3)
sensory axons must be present for a specified period for the glomerular structure of the neuropil to be sustained
into adulthood; (4) the timing of sensory axon ingrowth is critical — too early leads to mistargeting, too late leads to
abnormality in the shape and discreteness of glomeruli; (5) sensory axons induce changes in glial cells that in turn
affect correct axonal fasciculation and stabilize glomeruli; and (6) sensory axons affect the development of the
normal repertoire of currents in glial cells.

With its emergence from the pupal stage, the moth must engage in foraging and reproductive behavior, and must
effectively tune its olfactory circuitry in response to its experience. Like other insects, the moth is capable of
olfactory learning and that learning is influenced by both age and mating status. Ensemble recordings in Situ
during olfactory conditioning have revealed both associative and discriminative olfactory learning. The changes in
network activity are correlated with feeding behavior and are persistent. Odor representations are dynamic, the
recordings showing changes in the patterning of activity rather than simple increases in activity in the parts of the
network representing a particular odorant.

Taken together with data gathered in other insects, the evidence of robust developmental and adult plasticity in the
antennal lobes of Manduca makes clear that these less complex systems offer extensive opportunity to study both
activity-independent and activity-dependent processes by which the olfactory system in particular, and the nervous
system in general, develop and maintain the capability to modify their circuitry as needed to optimize function.
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Developmental plasticity and adult maturation of olfactory synaptic
microcircuitsin the mushroom bodies of the honeybee

Claudia Groh!, Ian Meinertzhagenz, Wolfgang Rossler!

1University of Wiirzburg, Department of Behavioral Physiology and Sociobiology, Am Hubland, 97074 Wiirzburg, Germany
2Life Sciences Centre, Dalhousie University, Halifax, NS, Canada B3H 4J1

Mushroom bodies (MBs), prominent paired structures of the central brain in insects, are higher brain centers of
particular importance for olfactory processing, odor representation and association including learning and memory.
Their main input neuropils are the calyces. Honeybees possess particularly large and doubled MB calyces that are
divided into three anatomically distinct and clearly delineated sensory input regions. In this study we focused on
structural plasticity of the input synapses in the MB calyx. These constitute characteristic synaptic complexes
termed calycal microglomeruli (MG). The various levels of structural plasticity of the MB calyces we investigated
include both developmental (postembryonic) and adult structural plasticity — in particular plasticity associated with
brood care, environmental conditions, and age.

To be able to follow cellular and subcellular changes in the organization of calycal MG, presynaptic boutons of
projection neurons (PNs) and postsynaptic compartments of MB intrinsic neurons, the Kenyon cells (KCs), were
analyzed using various markers for synaptic proteins and cytoskeletal elements in combination with high-
resolution laser scanning confocal microscopy. Serial -electron microscopic studies were also performed to
investigate synaptic changes at the level of synaptic sites and connectivity.

Our developmental studies have revealed that both larval feeding and naturally occurring variations in pupal
rearing temperature affect the initial numbers of MG in olfactory subregions of the adult MB calyx. At the level of
behavior, adult bees reared at the lower range of naturally occurring brood temperatures performed less well in
associative memory tasks, forage later than bees raised at higher temperatures, and differ in dance-communication
performance. Next we asked whether and how sensory experience and age affect synapses of the MB calyx during
adulthood. Combined f-actin and tubulin staining of KC processes revealed that the most drastic effect of natural
sensory experience was a massive outgrowth of KC dendrites during the transition from nurse bees to foragers
and, a concurrent presynaptic pruning of PN boutons. KC dendritic growth and PN-presynaptic pruning were
associated with a volume increase of the MB calyx, as previously reported at the onset of foraging. What are the
synaptic changes that occur at the pre- and postsynaptic site ? Using serial-electron microscopy and 3D analyses,
we investigate and quantify how changes in the numbers and density of MG during maturation are accompanied
by changes in synaptic characters such as active zones or numbers of postsynaptic profiles and the associated
changes in synaptic connectivity.

Supported by DFG SFB 554, HFSP, SPP 1392 and NSERC DIS 0000065.
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Mating-induced differential sex-pheromone and plant odour processing
in a male moth

Romina Barrozo!, Christophe Gadenne!, Sylvia Anton!

'INRA, Unite Mixte de Recherches en Physiologie d'Insectes-Signalisation et communication, Centre de Recherches de Versailles-Route de
ST Cyr, 78026 Versailles cedex, France. University of Buenos Aires, Dep. Biodiversity & Experimental Biology, Argentina.

Innate behaviours in animals can be modulated by factors such as the environment, experience or the physiological
state. This behavioural plasticity originates from changes in the underlying neuronal substrate. A well-described
form of plasticity is induced by mating. In both vertebrates and invertebrates, males experience a post-ejaculatory
refractory period during which they avoid new females. In the male moth Agrotis ipsilon, mating induces a
transient inhibition of responses to the female-produced sex pheromone. To understand the neural bases of this
inhibition and its possible odour specificity, we carried out a detailed analysis of the peripheral and central
olfactory system and the behaviour of male A. ipsilon, using sex pheromone, plant volatiles, and their mixture. We
found that although mating changes the coding properties of central pheromone-sensitive neurons in the antennal
lobe (the macroglomerular complex, MGC), thus affecting the post-mating behaviour, the sensory input remains
constant. Besides, the post-mating inhibition does not affect the processing of a behaviourally attractive flower
volatile, heptanal in the ordinary glomeruli (OG). When challenged with mixtures of sex pheromone and the
flower volatile, additional evidence for differential processing of odours was found. Whereas synergism was
observed in virgin males, the sex pheromone leads to inhibitory effects in mated males in the OGs, in correlation
with behavioural changes. We propose the existence of a complex inhibitory system in which responses of males
to the female sex-pheromone depend on their mating status but also on the presence of other biologically relevant
odours (heptanal). We provide evidence for a transient odour-selective central mechanism leading to post-mating
sexual inhibition in males, which is interpreted as a "refusal to respond", but not as exhaustion behaviour as
described in vertebrates.
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Structural plasticity in the honeybee brain related to memory
formation.
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3present address: Evolution, Genome and Speciation (CNRS UPR 9034) Avenue de la Terrasse, 91198 Gif sur Yvette, France

Insects provide excellent models to analyse how neural networks underlie behaviour. In the recent years, their
study has contributed to a great extent to improve our understanding of the neural bases of perception, learning
and memory of odours. As honeybees (Apis mellifera) forage for food on flowers, they make associations between
odours and nectar to identify food sources, and rely on the memory of such associations on later foraging trips.
This associative memory can be studies in controlled laboratory conditions, as the animals can be conditioned to
learn and remember an association between an odorant and sugar.

We have been focusing our research on the plastic changes affecting the olfactory centres when a stable olfactory
memory is formed in such conditions. In particular, we have been looking for structural rearrangements in two
main olfactory centres known for their role in olfactory learning and memory in the insect brain: the antennal lobes
(ALs) and the mushroom bodies (MBs). The modular organization of these two neuropils allowed us to quantify
changes affecting synaptic units in the brains of conditioned animals that had formed a stable memory and of
controls without memory of the association. By comparing measurements from these different groups, we have
been able to identify plastic changes in the neural networks of both brain regions.

In the ALs, the main synaptic units (glomeruli) undergo volume changes that are odorant-specific!, while in the
MBs the density - and probably the number - of synaptic boutons (microglomeruli) increases as memory is

formed?2. These results show that, as in Vertebrates, stable forms of memory are embedded in modifications of the
structural organization of brain networks. We are now currently investigating the relationships between these
memory traces in both brain regions, and we are looking for the possible implication of signalling pathways
involved in synaptic plasticity and memory.

! Hourcade et al. (2009) Learn Mem. 16: 607-615.
2 Hourcade et al. (2010) J. Neurosci. 30: 6461-6465
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Adaptive dynamics on different time scales throughout the olfactory
pathway enhances efficient coding of odor features

Mark Stopferl, Joby Josephl’z, Stacey Daffron!
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Animals often encounter odors as plumes, which can be characterized by their chemical identity and
concentration, onset, ongoing chaotic temporal structure, and offset. Olfactory neural systems extract and encode
these characteristics at multiple points, each of which has intrinsic limitations of dynamic range, temporal
resolution and integration time. Adaptation, the ability of a system to adjust its behavior given its history, plays a
critical role in forming neural representations of odor plumes. We tested the roles of adaptation in the locust by
making simultaneous recordings from populations of neurons in the first three layers in the olfactory pathway
(odor receptor neurons (ORNSs), antennal lobe (AL) neurons, and their follower Kenyon cells (KCs)) while
presenting reproducible, simulated odor plumes, and by exploring our results with a computational model.

Odor plumes evoke two forms of plasticity, one central and one peripheral, operating on different time scales.
Slow-building, long lasting (~15min) facilitation within the circuitry of the AL ensures the plume’s onset elicits
the strongest signal, boosts the oscillatory output of the inhibitory local neurons (LNs), decreases the number of
non-synchronized spikes in projection neurons (PNs), and leads to more reliable, odor-specific responses. Rapid-
onset, transient (~5sec) sensory adaptation in ORNs predominates within plumes, quickly reducing overall input to
the AL and output to the KCs, which then fire only sparsely. The two forms of plasticity interact with the
dynamics of the AL so that the vast majority of spikes in KCs occur at the onset and then after the offset of the
plume (although some KCs fire reliably and with odor specificity at particular points within the plume). This
mechanism appears to efficiently extract information of particular importance to the animal.

Using a map based model we are analyzing how these various neural layers and processes interact and operate
under different stimulation regimes. We model adaptation in the ORNs with a simple kinetic scheme based on
common ligand receptor binding principles, and model the antennal lobe as an adaptive gain control system where
adaptation of the feedback parameter, over many seconds, controls PN rate and synchrony. Together, these
mechanisms largely determine the responses of KCs to odor.
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Olfactory coding and olfactory learning in Drosophila: an optical
imaging approach

André Fialal

1Georg—August-Universitéit Gottingen, Molecular Neurobiology of Behavior, c/o ENI, Grisebachstr. 5, 37077 Géttingen, Germany

Many animals are able to differentiate a large variety of odors with respect to their chemical identity and
concentration. We have asked how different odor identities are represented in the brain of the fruit fly Drosophila
melanogaster at two levels of processing: at olfactory sensory neurons and at olfactory projection neurons within
the fly’s antennal lobes. To this end, we have used the genetically encoded, FRET-based calcium sensor Cameleon
2.1 because of the minimization of movement artefacts due to its ratiometric properties, a good signal -to-noise
ratio and high fluorescence intensity in the non-activated state. We find that odor-evoked activity patterns differ in
terms of their similarity when olfactory sensory neurons and projection neurons are compared, as revealed by
principal component analysis performed by Dr. Marc Timme’s group. Interestingly, an odor pair that evokes
clearly different calcium activity patterns at the level of sensory neurons appears to evoke very similar activity
patterns at the level of second order projection neurons. These results correlate with behavioural learning
experiments performed in Prof. Bertram Gerber’s group showing that this odor pair is strongly generalized. We
propose that olfactory computation within the antennal lobe might not only cause a fine discrimination of odors but
can also cause a convergence of odor information from separated input channels into distinct classes. In
collaboration with Marc Timme and Bertram Gerber we therefore investigate whether or not such a classification
mechanism might be subject to learning -dependent modulation. In particular we investigate whether structurally
similar odors that are generalized by fruit flies can be distinguished by the animals when differentially trained.
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Focal changes of cerebral glucose metabolism during cognitivetasksin
rats; PET imaging using [18F]FDG

Heike Endepols1

'Max Planck Insitute for Neurological Research, Multimodal Imaging, Gleueler Str. 50, 50931 Kd&ln, Germany

Performing cognitive tasks in combination with functional imaging in rats requires unrestrained animals, which is
difficult if behavior and imaging data acquisition take place at the same time. Using the tracer

['8F]fluorodeoxyglucose (FDG) this problem can be overcome, because FDG is irreversibly trapped in
metabolically active cells and can be imaged after tracer accumulation. In our cognitive paradigms we use a
protocol where the behavioral task starts five minutes after intraperitoneal FDG injection (2 mCi) and is conducted
for 30-40 min in an operant chamber. Subsequently, the rat is anesthetized and placed in the PET scanner. The
scan starts 60 min after FDG injection and lasts for 30 min. Because quantification of glucose metabolism is not
possible with this setting, and even semiquantitative methods require at least one arterial blood sample [1],
intensity normalization is performed with a carefully picked reference region. Normalized metabolic values
obtained from the task are then compared with a control task, yielding percent increase or decrease of regional
metabolic activity.

So far, we have combined metabolic FDG-PET with effort-based decision making [2], attentional set-shifting, and
processing of response conflicts (Simon test). These tasks produced different patterns of positive as well as
negative metabolic activity changes compared to a control condition (Fig. 1). However, we always found
metabolic activation of prefrontal (prelimbic, infralimbic, orbitofrontal) and cingulate areas, basal ganglia, and
hippocampus. We conclude that behavioral FDG-PET is a suitable method to image regional changes of metabolic
brain activity related to cognitive functions in small animals.

Fig. 1: Grand average metabolic patterns developing during attentional set-shifting (n=8), effort-based decision
making (n=8) and during processing and resolution of response conflicts (Simon task; n=4). Increases of metabolic
activity compared to a control task are shown in shades of red, decreases of metabolic activity in shades of blue.

References:
[1] Schiffer et al. (2007) J Nucl Med 48: 277-287.
[2] Endepols et al. (2010) J Neurosci 30: 9708-9714.
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Optical and SPECT imaging in experimental stroke research

Andreas Wunder13, Ralph Buchert?:3, Winfried Brenner23, Ulrich Dirnagl -3

Charite - University Medicine Berlin, Dep. of Experimental Neurology, Center for Stroke Research Berlin (CSB), Charitéplatz 1, 10117
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2Charite - University Medicine Berlin, Dep. of Nuclear Medicine, Charitéplatz 1, 10117 Berlin, Germany
SCharite - University Medicine Berlin, Small Animal Imaging Center (SAIC) at CVK, Augustenburger Platz 1, 13353 Berlin, Germany

In clinical stroke, non-invasive imaging technologies such as Magnetic Resonance Imaging (MRI) and Computed
Tomography (CT) are the mainstay of diagnostic imaging. However, these techniques are of limited use in
characterizing pathological mechanisms. Examples include the delineation of the penumbra or "tissue at risk",
which can only be approximated, or reliable information on inflammatory processes and other relevant cellular and
biochemical processes, which impact on outcome after stroke. There is consensus that more specific imaging
methods are urgently needed for improved selection of patients and stratification to specific therapy, as well as
more reliable prediction and monitoring of outcome. New, highly specific imaging agents are currently devel oped
for different imaging modalities. The markers are evaluated in animal models using dedicated small animal
imaging systems. Among the imaging techniques used in stroke research, we will describe Single Photon Emission
Computed Tomography (SPECT) in comparison to Positron Emission Tomography (PET) and some examples of
non-invasive near-infrared fluorescence (NIRF) imaging. Both SPECT and NIRF are highly sensitive in detecting
signal molecules, SPECT isotopes or NIRF dyes, respectively. However, compared to each other both have
advantages and disadvantages.

We will present detailed information on the working principle of SPECT, the differences to PET and on themain
differences between clinical and preclinical SPECT imaging.

Examples of optical imaging and some previous SPECT work will be presented to show how both techniques can
be successfully used in small animal models of stroke and to illustrate the pros and cons of both techniques.
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In vivo SPECT -imaging of activity-dependent changesin regional
cerebral blood flow in therodent brain

Jenni Neubert!
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Single-photon emission computed tomography (SPECT) has been used since several decades for imaging regional
cerebral blood flow (rCBF) for diagnostic purposes in humans. SPECT -imaging of rCBF is based on the use of
radioactively labeled lipophilic tracers, which cross the blood-brain barrier and accumulate in the brain in a blood-
flow dependent manner. One of the most widely used flow -tracers for SPECT -imaging is 99m-Technetium
hexamethylpropyleneamine oxime (99mTc-HMPAOQO). After crossing the blood-brain barrier the lipophilic 99mTc-
HMPAO complex is rapidly converted to a hydrophilic 99mTc -compound that is trapped in the brain and shows
no measurable redistribution.

99mTc-HMPAO-SPECT can be used in a similar manner as 18F-2-fluoro-2-deoxy-glucose positron emission
tomography (18F -FDG-PET) for imaging spatial patterns of neuronal activity in the brain: Under physiological
conditions blood flow as well as glucose metabolism are tightly coupled to neuronal activity and both tracers
99mTc-HMPAO and 18F-FDG accumulate in the brain in an activity-dependent manner. Both tracers are trapped
in the brain after accumulation and in both cases tracer distributions remain stable and can be scanned after a
certain time span of tracer uptake. There is no need for applying the tracers under restrained conditions inside a
scanner. Quite different from functional MRI based on measuring BOLD signals both techniques 99mTc-
HMPAO-SPECT and 18F-FDG-PET can be used, therefore, for imaging spatial patterns of neuronal activity that
occur in awake behaving animals.

Thus far, however, little use has been made of 99mTc-HMPAO-SPECT for imaging activity-dependent changes in
rCBF in the rodent brain. Small -animal SPECT -imaging has long been a somewhat neglected imaging modality
with custom-made scanners present in only a few research labs. This is now changing, and dedicated small-animal
SPECT-scanners have become commercially available providing spatial resolutions in the submillimeter range
exceeding those of small-animal PET-scanners.

We here used a dedicated small animal SPECT/CT scanner for in vivo imaging of activity-dependent changes in
rCBF in rodents using 99mTc-HMPAO as a tracer. We administered the tracer via chronically implanted jugular
vein catheters in Mongolian gerbils and mice. We injected 99mTc-HMPAO intravenously within time spans of
about five minutes during ongoing activity of the animals. We present images from rCBF in the different species
under different experimental conditions focusing on intracranial self-stimulation and auditory learning. We show
that the spatial resolution of 99mTc-HMPAO small-animal SPECT is sufficient to reveal activations of small brain
regions such as the accumbens nucleus upon medial forebrain bundle stimulation in mice. 99mTc-HMPAO
SPECT also reveals complex spatial patterns of neuronal activity in trained animals solving tasks. The technique is
a promising new approach for in vivo imaging of spatial patterns of neuronal activity in unrestrained behaving
animals.
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M easurement of cerebral glucose consumption rate in pathologic tissue
using FDG PET

Heiko Backes!

IMax Planck Institute for Neurological Research, Medical Physics, Gleueler Str. 50, 50931 Cologne, Germany

Local cerebral glucose consumption can be determined in vivo with positron emission tomography (PET) using
[18F]-fluoro-2-deoxyglucose (FDGQG) as tracer. Like glucose, FDG is transported into cells by glucose transporters
and phosphorylated by hexokinase, but —in contrast to glucose —it is not further metabolised and therefore
accumulates in metabolically active cells. However, FDG accumulation (e. g.in form of a standardized uptake
value) is not always a good measure for glucose consumption rate. In tissue where the ratio of glucose transport
and metabolism (and thereby the local lumped constant, i.e. the ratio of metabolic rate of FDG to that of glucose)
is altered, FDG uptake may lead to erroneous results with respect to glucose consumption. With the help of tracer
kinetic modeling the processes of transport and phosphorylation of FDG can be distinguished and alterations of
the local lumped constant can be taken into account for the quantification of glucose metabolism.

We present a non-invasive method for the quantification of cerebral glucose consumption in rats and its
application to acute ischemic tissue. In 5 male Wistar rats the middle cerebral artery was occluded inside the uPET
scanner by flushing TiO2 spheres into the internal carotide artery following a 2-minute H2[15]O-PET
measurement for determination of baseline cerebral blood flow (CBF). 45 minutes after induction of ischemia a
second H2[15]O -PET scan was performed followed by a 60 minutes FDG -PET measurement. The integrated
number of counts per volume from the H2[15]O-PET scan is a measure for local CBF. The FDG tracer input
function is determined non-invasively from the time activity curve of the rat's muzzle. FDG kinetic rate constants
are calculated by fitting a two-tissue-compartment model to the dynamic PET data. FDG kinetics is basically
expressed by the transport rate constant K1 and the net influx rate constant Ki. Taking into account the differences
in transport and metabolism of glucose and FDG, local glucose consumption rate is calculated as a function of K1
and Ki, instead of the classical calculation with a fixed lumped constant.

The acute ischemic tissue is characterized by a clear reduction of CBF, a decrease of the FDG transport rate K1,
and an increase of the net influx rate constant Ki by up to a factor of two. K1 and CBF correlate significantly
indicating that K1 is a good surrogate marker for CBF in hypo-perfused tissue. The glucose consumption rate
calculated as a function of K1 and Ki shows a preserved glucose metabolism in the acute ischemic tissue. Thus,
the alterations in the ratio of K1 and Ki cause an elevation of FDG uptake although glucose consumption rate is
preserved.

We demonstrate that by kinetic modeling of FDG-PET data the glucose consumption rate can be determined even
in pathologic tissue where the local lumped constant is changed. Furthermore, K1 is a good surrogate marker for
CBF in hypo-perfused tissue, which may displace laborious H2[15]O PET measurements for the identification of
tissue with low CBF.
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Non-invasive detection of amyloid plaques by combined multi-
functional and mor phological imaging in transgenic mouse models of
Alzheimer’s Disease

Florian Christoph Maierl, Andreas Schmidl, Hans Wehrll, Gerald Reischl2, Bernd Pichler!
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Transgenic animal models of Alzheimer’s Disease together with current small animal imaging instrumentation
provide powerful tools to study disease characteristics and progression longitudinally in a non-invasive manner.
Clinically well established markers like [11C]PIB and [150]H20 are only poorly understood in the preclinical
field of neuroimaging. As new therapeutical approaches towards a causative cure for Alzheimer’s Disease are
currently under development these biomarkers need to be further evaluated in transgenic mouse models. Thus our
aims were the evaluation of [11C]PIB-, [I5O]JH20-PET and Arterial Spin Labeling (ASL-MRT) in three different
mouse models to follow plaque deposition and physiological changes longitudinally and non-invasively.

APPPSI1, APP23 and Tg2576 mice with respective littermate controls were injected intravenously with 7.6+2.8
MBq [11C]PIB for measurement of amyloid deposition (specific activity > 50GBg/umol) and with 28.5£3 MBq
[I50]H20 for measurement of cerebral perfusion. Dynamic PET scans were performed for lh p.i. and the mice
were anesthetized with 1.5% isoflurane in 100% oxygen. In addition, 3D MR images and ASL were acquired for
each mouse. The PET images were analyzed using cortical regions as target and the cerebellum as internal
reference. The obtained time activity curves were processed with the Logan Plot and the simplified reference tissue
model (SRTM) by Lammertsma. ASL-MRT data were analyzed with an in-house programmed Matlab routine
using a simplified version of the Bloch equation. Furthermore, the animals were analyzed histopathologically.

[11C]PIB showed specific binding in cortical regions of transgenic APPPS1 (SRTM 0.32+0.18) and APP23 mice
(SRTM 0.23+0.09) in comparison to littermate controls (APPPS1 co: SRTM 0.05+0.07, n=8, p<0.05, 9.5 months
old; APP23 co: SRTM 0.01+0.01, n=6, p<0.01, 16 months old). In sharp contrast to this Tg2576 mice did not
show any specific uptake (SRTM 0.02+0.02) and could not be differentiated from littermate control mice (SRTM
0.01+£0.01, n=4, 18 months old) with [11C]PIB. However both APP23 and Tg2576 mice showed a decreased
cerebral blood flow with [150]H20 and ASL while APPPS1 mice did not show any differences.

These results clearly show the possibilities and the limitations of [11C]PIB, [150]H20 and ASL -MRT for
imaging amyloid plaques and the associated physiological changes. Furthermore, combined measurements using
these imaging modalities allow both differentiation of transgenic and control animals as well as a clear separation
between the three mouse lines. As aged transgenic APP23 and Tg2576 mice show both parenchymal and vascular
plaques while APPPS1 mice are confined to parenchymal deposits there seems to be a strong connection between
vascular amyloid and loss of cerebral perfusion. Thus [ISOJH20 and ASL could be potential candidate imaging
techniques to distinguish between neuritic and vascular type dementias in the preclinical field.
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In vivo imaging of cerebral potassium metabolism in focal cerebral
ischemiain ratsusing 201TIDDC-SPECT
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Focal cerebral ischemia is accompanied by severe alterations in potassium (K+)-metabolism in the affected region.
Monitoring these alterations in vivo could be of substantial interest in preclinical research as well as for diagnostic
purposes in clinical applications.

In principle, in vivo monitoring of K+-metabolism is possible using suitable isotopes of the K+-analogues
rubidium or thallium. Due to the poor blood-brain barrier permeability of K+ and K+-analogues, however, little
use has been made thus far of these tracers for imaging cerebral potassium metabolism.

We here present a novel approach for in vivo imaging of cerebral K+-metabolism in focal cerebral ischemia. We
intravenously injected rats with the lipophilic chelate complex 201-thallium diethyldithiocarbamate (201TIDDC)
after induction of focal cerebral ischemia by endothelin -mediated middle cerebral artery occlusion (MCAQ). We
monitored the 201TI-distribution in the rat brains at various time points after 201 TIDDC-injection using a small-
animal SPECT/CT scanner.

We had previously shown using histochemical techniques that, after crossing the blood -brain barrier, TI+ is
released from TIDDC and that neurons take up the ion in an activity- dependent manner. We reasoned that,
conversely, in cerebral ischemia due to breakdown of Na,K-ATPase activity and K+-gradients Tl+-uptake will be
reduced in the infarcted area and that, with infarct progression, Tl+ will be lost from the tissue. We here show
using SPECT -imaging that upon MCAO there is in fact a reduced 201TI]-uptake in vivo on the lesioned side as
well as a continuous loss of 201Tl from the lesioned area during the first hours after onset of ischemia. The
definite lesion is characterized by a marked reduction in 201TI-content.

Our findings suggest that 201TIDDC is a useful tracer for SPECT-imaging of tissue viability, lesion growth and
lesion size in focal cerebral ischemia. Using high -resolution multi-pinhole SPECT-imaging the patterns of 201T1
redistributions in rodent brains can be imaged with millimeter or submillimeter spatial resolutions. Small-animal
201TIDDC-SPECT can provide novel insights into the spatiotemporal dynamics of K+-metabolism in focal
cerebral ischemia.
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Neural control of motor function in animals and robots

Florentin Wérgétterl, Poramate Manoonpongl, Silke Steingrubel, Marc Timme?
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Controlling sensori -motor systems in higher animals or complex robots is a challenging combinatorial problem,
because many sensory signals need to be simultaneously coordinated into a broad behavioral spectrum. To rapidly
interact with the environment, this control needs to be fast and adaptive. Insects solve this problem by specific
control networks which provide the required information processing for autonomous behavior. By contrast, current
robotic solutions operate with limited autonomy and are mostly restricted to few behavioral patterns. In a recent
contribution, we have introduced chaos control as a novel strategy to generate complex behavior of the
autonomous hexapod robot AMOS-WD6 (Steingrube et al., Nature Physics, 6, 224-230, doi:10.1038/nphys1508).
In this system, 18 sensors drive 18 motors using a two-neuron Central Pattern Generator circuit (CPG) in
combination with simple neural control networks for signal shaping. Without sensor input, the CPG produces
chaotic patterns. However, due to the fact that the robot operates in its environment, stimuli are always present and
lead to the fast, adaptive stabilization of unstable periodic orbits by which certain gaits are selected. Signal
shaping, using an additional velocity control and a phase generating network, leads then to the generation of
eleven basic behavioral patterns (e.g., orienting, taxis, self-protection, various gaits) and their combinations. The
complete network contains about 50 neurons only. With this the robot can navigate through complex terrain, free
itself from traps, circumnavigate obstacle or climb across then, etc. The control signal quickly and reversibly
adapts to novel situations and additionally enables learning and synaptic long-term storage of behaviorally relevant
motor responses. For example the robot can learn to select useful gaits in different situations, like a slow energy
saving gait when climbing or a fast, running gait when being “hunted”. This study, thus, shows that it is possible to
arrive at complex adaptive behavior purely by neuronal control and AMOS-WD®6 is one of the first robots — if not
the only one — that operates exclusively on neuronal principles which mimic parts of the circuitry of insects. The
complexity of the control network remains small and the resulting behavior is versatile and natural. Thus, neural
control provides a powerful yet simple way to self-organize a large set of behaviors in autonomous agents with
many degrees of freedom.
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Neural Control of Locomotion - from Joint Control to Adaptive
L ocomotor Behaviors
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When animals move, the underlying motor output commands and the movements they generate are the result of
complex neuronal and neuromuscular processes. Together, they enable the generation of behavior that, although
seemingly automatic, remains perfectly adaptable to changes in the external world. Understanding the neural basis
of movement contributes much to unraveling the function of the nervous systems of animals and humans alike,
and is also important for research in robotics where the aim is to develop realistically performing autonomous
machines (7). Walking is one of the most common means of locomotion in terrestrial animals. The underlying
movements of the appendages arise from the interaction of the neuronal activity from three different sources: (i)
descending brain signals for the selection, initiation and maintenance of locomotor behaviors, (ii) the activity of
local central pattern generating networks and feedback from sensory neurons about movements and forces
generated in the moving limbs and finally (iii) coordinating signals from neighboring appendages to ensure the
proper coordination of all appendages. In the past two decades, substantial information has been gathered on how
functional walking motor outputs are generated. Among the best investigated animals are several vertebrates and
notably arthropods, such as crayfish, cockroach and the stick insect. The knowledge acquired on the stick insect
leg muscle control system has even allowed the formulation of a basic neural controller architecture for single-leg
stepping.

The talk will first review the current knowledge about the network organization and activity underlying the control
of stick insect walking, both on the level of single leg control (1,3,6) and inter-leg coordination (2). We will then
report on recent progress made in understanding the ways by which modifications in the motor output for walking
are generated in order to allow adaptations in locomotor behavior (8). In this context, we will touch upon the
generation of changes in stepping velocity (5,9), movement direction, and the generation of turns (4). The current
knowledge will be placed in the greater scope of the symposium.
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Exploring higher brain function with electrophysiology in behaving
fruit flies
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A good theory of a sensory system would explain why information about the outside world is reflected by the
activity of neurons in just the observed format and not some other format. In visual neuroscience, data for such
theories typically come from presenting stimuli to quiescent animals. In nature, however, animals tend to move
around their environment. Locomotion has two important consequences for vision theory. First, natural stimuli
will tend to have rich dynamics, prescribed by the statistics of how the retina and animal move. How such natural
dynamics affect sensory coding has received some attention. Second, and perhaps less studied, is the possibility
that the act of locomotion itself may change the state of the visual system, such that sensory responses become
more suited for guiding locomotion and less suited for the visual needs of a stationary animal. To study the
influence of locomotion on visual processing — and other higher brain processes down the road — we have
developed a new electrophysiological recording system in the fruit fly, Drosophila melanogaster. We obtain
whole-cell patch clamp recordings from genetically identified neurons simultaneously with behavioral
measurements in the same fly. In our initial experiments, we have targeted the vertical-system visual neurons (VS
cells) of the fly lobula plate, the third visual neuropile in the fly's brain. VS cells have been extensively studied in
restrained animals and are thought to estimate self motion during flight so as to facilitate stabilizing reflexes.
However, no one had recorded from VS cells during actual flight behavior. Our data revealed that VS cells show
two prominent physiological modulations during flight: a tonic shift in the baseline membrane voltage and a strong
boost of visually driven activity. Both these modulations are likely to change the chemically or electrically
mediated synaptic output at the VS-cell terminals. When the animal stops flying, visual responses remain boosted
for many seconds whereas the baseline membrane voltage returns to its pre-flight level immediately, suggesting
that these two effects have separable underlying mechanisms. A similar gain change has now been observed in
rodents, where cortical visual -neuron responses are stronger in mice walking ona treadmill as compared to
quiescent animals. Further work will be needed to reveal the function of these gain changes. One possibility is that
stronger visual responses might allow for more accurate or faster locomotion-specific behavior. Because electrical
signaling is energetically costly, the brain may also save energy by keeping cellular responses at a minimum when
neurons are not actively being used to drive behavior. These results demonstrate the importance of studying visual
neurons, and formulating visual -system theories, not only in the context of naturalistic sensory input but also in
the context of ethologically relevant locomotory output.
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Adaptation in the fly visual system: efficient extraction of behaviorally
relevant stimuli
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Motion detection is of utmost importance for organisms that rely on their visual sense for behavioral control.
During locomotion continually changing global motion patterns are generated on the eyes, so-called optic flow,
which is essential for optomotor course control. In addition to information about self-motion, optic flow contains
information about the 3D -layout of the environment, resulting from relative motion between objects at different
distance to the moving observer. Essential tasks, such as object detection and responses to conspecifics or
predators are therefore largely based on the computation of optic flow.

The lobula plate tangential cells (LPTCs) of flies are a class of individually identifiable neurons, which process
global dynamic visual input. By integrating the outputs of arrays of local motion-detecting elements in a specific
way, different LPTCs are sensitive to distinct types of global motion patterns. However, rather than providing an
accurate representation of motion velocity, it appears to be more relevant that certain features of the motion
stimulus are extracted by these neurons. This is a difficult task in the presence of rapidly changing complex visual
input, which a fly encounters during flight in heterogeneous environments.

In this talk it is outlined how synaptic integration and the ability to adapt their response characteristics to the
instantaneous stimulus properties enables visual motion—sensitive LPTCs to remain sensitive to behaviorally
relevant features of their complex dynamic input. It is analyzed in how far adaptation helps motion-sensitive
neurons to decrease their acitvity without sacrificing their sensitivity to the appearance of novel stimuli.
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Sensory processing with noisy spikes
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The role of noise in neural signal processing is still a controversial topic. Often neural noise is considered as
something detrimental that renders signal processing and detection more demanding. For example, upstream
neurons need to average over many input neurons in order to extract a good representation of the encoded common
signal.

In spiking neurons neural noise translates into variability of the timing of action potentials. Many theoretical
studies show that there are positive aspects of noise-induced spike-timing variability, and that it can be used as an
advantage. The most prominent example is sub-threshold stochastic resonance. Here, the addition of the right
amount of noise drives the membrane voltage over the threshold and thus allows the neuron to respond to a sub-
threshold stimulus. Less well known is the effect of super-threshold stochastic resonance. A population of noisy
spiking neurons can transmit more information about a stimulus than a single noiseless neuron, because noise
reduces redundancy in such a population of neurons.

Ultimately, sensory stimuli should not only be transmitted from one neuron to the other, but they need to be
processed in order to extract relevant features. Fast and strong stimuli will be able to synchronize the response of a
population of noisy neurons. A target neuron reading out synchronous spikes will thus encode different aspects of
the stimulus compared to a neuron that responds to all input spikes.

After introducing these theoretical concepts we will show electrophysiological data from the electrosensory system
of weakly -electric fish that demonstrate these ideas. In particular we find evidence for a parallel readout of
synchronous and all spikes. The  resulting different tuning properties match well with different types of
behaviorally relevant stimuli, e.g. prey versus communication signals. Also, a comparison of electroreceptor
neurons from the active electrosensory system with high spike-timing variablity and receptor neurons from the
passive electrosensory system with low variablity reveals how noise is tuned to the different demands on a sensory
system arising from distinct temporal stimulus properties.
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Neuropetide S: control of state-dependent propertiesin theamygdalain
instances of stress and fear
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Fear is a crucial adaptive component of the behavioral repertoire that is generated in anticipation of or in response
to stimuli which threaten to perturb homeostasis. Fear-relevant associations can be learned and consolidated as
part of long term memory, and be extinguished through extinction learning. Acute or chronic stress can severely
influence the balance of these processes, eventally leading to pathological alterations and anxiety disorders. Recent
years have seen considerable progress in identifying relevant brain areas — such as the amygdala, the hippocampus
and the prefrontal cortex - and key neuromodulatory mechanisms involved in balancing physiological and
pathophysiological states of fear and anxiety.

The recently discovered Neuropeptide S (NPS) and its cognate receptor represent such a system of
neuromodulation. On one hand, NPS increases wakefulness and arousal. On the other, NPS produces anxiolytic-
like effects by reducing acute fear responses and by modulating long-term aspects of fear memory, like contextual
fear and fear extinction. Underlying mechanisms involve the presynaptic control of excitatory transmitter release,
particularly in synaptic contacts to defined subsets of GABAergic interneurons in the amygdala. The recent
availability of a NPS-EGFP transgenic mouse line has revealed that NPS-expressing neurons in the brainstem
possess distinctive intrinsic properties, respond in an excitatory fashion to corticotrophin releasing factor (CRF),
and send axonal projections to widespread but defined targets in the subiculum, intralaminar thalamus and
amygdala. Data from combined behaviroal and electrophysiological in vivo and ex vivo studies indicate that the
NPS system is activated in stressful situations, controls hyperexcitability in the amygdala and can thereby
overcome stress-induced impairment of fear extinction.

Overall, the NPS system appears to be critically involved in state -setting properties of network functions in the
amygdala in instances of stress and fear.

Supported by: Deutsche Forschungsgemeinschaft (SFB -TRRS58), Max -Planck-Gesellschaft, Alexander von
Humboldt-Stiftung, Interdisziplindres Zentrum fiir Klinische Forschung Miinster
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Role of endocannabinoidsin fear adaptation
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It belongs to our phylogenetic and ontogenetic heritage that we are alarmed in potentially dangerous situations.
The important it is to recognize a potential threat, the important it is to adequately react to it. In most people,
initial alarm responses and subsequent adaptive behaviors are well balanced. However, certain human beings fail
to show adequate adaptation, in particular after stressful or traumatic experiences. Under those circumstances,
adaptive processes may become maladaptive and promote the development of psychopathologies, such as
depression, phobias, panic disorder or post-traumatic stress disorder. In the recent years, the endocannabinoid
system of the brain has emerged as a new player in orchestrating hormonal and behavioral coping with aversive
encounters. This talk will summarize some of our recent findings obtained in mice and rats about the role of the
cannabinoid receptor type 1 (CB1) in (i) the relief of phobic-like fear, (ii) the buffering of panic-like responses and
(ii1) the extinction of avoidance behavior.
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Theroleof a NPS receptor polymorphism in panic disorder and related
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Despite having a substantial heritability, the genetic basis of anxiety disorders is still largely unknown.
Approaches to overcome this issue are genome -wide association and linkage studies, but also to test candidate
genes from animal studies not only in categorical case-control association studies but also for an influence on
intermediate phenotypes of anxiety. To do so, two large national research networks have been established. First,
the Panic-Net (www.panic-net.de) aims to investigate mechanisms of disease in panic disorder with respect to
CBT response, neuroimaging, and a behavioral avoidance test (BAT) which was accomplished in a large set of
patients. Second, a Collaborative Research Center on fear, anxiety, and anxiety disorder (http://sfbtrr58.uni-
muenster.de/) bridges basic studies in animals and translational research in healthy volunteers, who are
investigated by means of several neuropsychological paradigms. In both studies, the effects of genetic variation in
systems, governed by animal experiments, are tested. By combining both networks, a powerful sample is created
which enables to scrutinize molecular determinants of panic disorder with respect to disease mechanisms. As a
proof of principle, we analyzed the consequences of a functional variant (rs324981) in the gene encoding the NPS
receptor, as the NPS system has recently been suggested to play an important role in rodent anxiety. The
functional NPSR A/T (Asnl107Ile) variant (rs324981) was investigated for association with (1) panic disorder with
and without agoraphobia, (2) dimensional anxiety traits, (3) autonomic arousal level during a behavioral avoidance
test and (4) brain activation correlates of anxiety-related emotional processing and (5) fear conditioning. The more
active NPSR rs324981 T allele was found to be associated with panic disorder in the female subgroup of patients
in both samples as well as in a meta -analytic approach. The T risk allele was further related to elevated anxiety
sensitivity, increased heart rate and higher symptom reports during a behavioral avoidance test as well as
decreased activity in the dorsolateral prefrontal, lateral orbitofrontal and anterior cingulate cortex during processing
of fearful faces in patients with panic disorder. During fear conditioning, higher fear ratings were observed in risk
allele carriers along with increased activation of the dACC/dmDFC during the acquisition suggesting that risk
allele carriers display by overinterpretation of fear reactions. Taken together, the present results provide converging
evidence for a role of NPSR gene variation in panic disorder potentially via heightened autonomic arousal,
distorted processing of anxiety-relevant emotional stimuli and overinterpretation of fear-related stimuli.
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| nvolvement of the endocannabinoid system in reward processing
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Rewards are crucial for survival of an individual and its genes and they support elementary processes such as
drinking, eating, social contact and reproduction. Reward-related behaviors are very complex and the term
“reward” includes a variety of different connotations that are mainly linked to appetitive emotions, the hedonic
impact and reward motivation, but also include learning and extinction processes, anticipation as well as
expectation of rewarding stimuli.

Dysfunctions of reward processing and altered reward perception are linked to various neuropsychiatric disorders,
such as addiction, depression and schizophrenia, and a detailed knowledge on neurocircuits and mechanisms
involved in reward processing is therefore crucial for the development of treatment and prevention strategies.
Along with the dopaminergic and the endogenous opioid system, the endocannabinoid system has emerged
recently as a key neurochemical mediator of reward processes. It is well known that cannabinoids can induce
euphoric and rewarding effects in humans and animals and growing evidence indicates that the endocannabinoid
system modulates various aspects of drug and non-drug reward.

With the present study we have investigated the modulatory effets of the endocannabinoid system on hedonic
perception and consummatory behavior of alcohol and a palatable non- drug reward (sweetened condensed milk)
during various developmental stages in rats, including adolescence, adulthood and aging. The data indicate an
interesting modulatory impact of the endocannabinoid system throughout the entire lifetime of a laboratory rat.
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Role of amygdaloid and cortical cannabinoid receptorsin fear learning
and memory
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Cannabinoid (CB1) receptors are abundant in cortical and limbic structures suggesting an important role of the
endocannabinoid system in the modulation of emotional and cognitive processes. In fact, recent work using
transgenic mice and behavioral pharmacology in rodents has supported this contention, especially with respect to
fear learning and memory. We here investigated in rats the role of CBI-receptors in the basolateral amygdala
(BLA) and medial prefrontal cortex (mPFC), respectively, on fear memory formation and extinction. We measured
the effects of local microinfusions of the CB1-receptor agonist WIN-55,212 (WIN) or the CB1-receptor antagonist
AM-251 (AM) on acquisition, consolidation, retrieval and extinction of fear using the fear-potentiated startle
paradigm.

No effects on fear acquisition of WIN or AM were found in the BLA or mPFC. Intra-BLA WIN, but not AM
impaired fear consolidation and retrieval. Intra-mPFC AM reduced fear consolidation, and mPFC infusion of WIN
reduced retrieval of the fear memory trace. Fear-extinction was compromised by AM infused into the mPFC.

Our data indicate that fear memory consolidation and retrieval, as well as extinction are regulated differentially by
amygdaloid and cortical CB1-receptors. These data add to a growing literature on the modulation of learning and
memory by cannabinoids and complement recent findings in CB1-receptor knock-out mice.



Gottingen Meeting of the German Neuroscience Society 2011 s 5_6

Neuropeptide S as a potential target for the treatment of anxiety
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Recent human genetic studies demonstrated an association of a human neuropeptide S (NPS) receptor variant with
over-interpretation of fear reactions and a role of this gene variation in panic disorders. The important role of NPS
in emotion is supported by a number of animal studies showing that NPS is involved in innate and learned fear
suggesting that the NPS receptor may be a potential target for the treatment of anxiety disorders. In recent studies,
we investigated the effects of (a) NPS injections and (b) NPS receptor deficiency in different behavioral paradigms
which are relevant for neuropsychiatric research. We found that NPS injections into the amygdala, a crucial brain
site for conditioned fear, dose-dependently block the expression of conditioned fear and that this effect is
independent of NPS effects on locomotor activity. Surprisingly, mice with a NPS receptor deficiency only had a
weak or a very modest phenotype in behavioral paradigms of innate and learned fear. However, spontaneous
locomotor activity was clearly affected in these mice. Taken together, our studies support literature data showing
that NPS and NPS receptors are involved in the modulation and/or processing of fear responses. This indicates that
NPS receptor agonists may be useful to treat anxiety disorders. However, since NPS is also involved in other brain
processes, NPS receptor agonists might also induce unwanted behavioral effects.
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AL S Genetics Untangled

Ashley Jones 1

IMRC Centre for Neurodegeneration Research, King’s College London, UK

It is commonly held that 5% of all ALS cases are familial, the implication being that these are inherited and the
other 95% are not. Recent advances in our understanding of genetic mechanisms are revealing that the difference
between familial and sporadic disease is to a large extent artificial (although convenient) and that ALS, like many
other diseases, shows complex inheritance.

Over the last 18 years we have moved from a single gene known to cause 2% of ALS, SOD1, to several, with
many loci awaiting further examination and several genes with suggestive findings from association studies.
Pathways leading to motor neuron death are coming to light, and coupled with the rapid progress of genetic
technology and the collaborative spirit among the ALS genetics community, it seems reasonable to be optimistic
that the underlying mechanisms leading to ALS will be revealed at least in part by genetics.

The current state of ALS genetic knowledge will be reviewed with the evidence for the involvement of the various
implicated genes.
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A zebrafish model to study the pathogenesis and treatment of ALS

Wim Robberecht!
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Amyotrophic lateral sclerosis remains a fatal neurodegenerative disease of the motor neurons. We have generated
a zebrafish model to identify genes that can modify the phenotype in the fish. Expression of mutant SOD1 or
mutant TDP -43 induces an axonopathy in the zebrafish consisting of reduced axonal outgrowth and aberrant
branching. This model was used to study a library of morpholinos in order to identify those that rescue the
phenotype. Furthermore, it allows to rapidly screen for the effect of proteins or compounds on the toxic gain of
function of the ALS causing mutant proteins.
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TDP-43 and FUS: Novel playersin motor neuron disease
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Formation of abnormal, ubiquitinated protein aggregates are the characteristic hallmark lesions in most
neurodegenerative disorders. For most neurodegenerative diseases the ubiquitinated proteins building these
inclusions have been identified several years ago, like tau in Alzheimer’s disease and a-synuclein in Parkinson’s
disease. However, there were two neurodegenerative disorders remaining, namely frontotemporal dementia with
ubiquitinated inclusions (FTLD-U) and amyotrophic lateral sclerosis (ALS), were the ubiquitinated proteins in the
inclusions remained unknown until recently, when two novel players, namely TDP -43 and FUS have been
discovered as disease proteins in these conditions.

In 2006, the transactive response (TAR) DNA binding protein with Mr 43 kD (TDP-43) was identified as the
pathological protein in the majority of FTLD-U (now referred to as FTLD-TDP) and most cases of amyotrophic
lateral sclerosis (ALS), thereby providing strong evidence that FTLD and ALS are part of a clinicopathological
spectrum of diseases. Subsequently, mutations in TARDBP, the gene encoding TDP-43, were identified in familial
ALS and FTLD, emphasizing that TDP -43 dysfunction is directly involved in disease pathogenesis and

neurodegenerative processes in these conditions. TDP -43is a DNA/RNA -binding protein which becomes
abnormally phosphorylated, truncated and ubiquitinated in disease process. Notably, the presence of TDP-43
inclusions is consistently associated with a dramatic reduction of nuclear TDP-43 expression suggesting both, loss
of function and gain of function, as potential pathomechanisms in TDP-43 proteinopathies.

The discovery of TDP-43 prompted researchers to prioritise genetic analysis to functionally related genes in other
familial forms of ALS and led to the identification of mutations in the fused in sarcoma (FUS) gene, encoding
another DNA/RNA binding protein, as a cause of familial ALS. Subsequent analysis demonstrated FUS also as
accumulating protein in rare subtypes of FTLD (FTLD-FUS), thereby reinforcing the concept that FTLD and ALS
are closely related conditions.

The discoveries of TDP-43 and FUS imply alterations in RNA/miRNA processing as a key event in the
pathogenesis of ALS and FTLD and opened new avenues for research, although the underlying pathomechanisms
leading to TDP-43 or FUS mediated neurodegeneration remain unresolved so far. Future efforts need to focus on
the establishment of valid in vivo models, and identification of disease -relevant mRNA and miRNA targets for
both proteins.
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Studying toxicity of AL S-causing mutant SOD1 by analyzing SOD1
obligate dimers

Albrecht M. Clementl, Christian Behl!

1University Medical Center Mainz, Institute for Pathobiochemistry, Duesbergweg 6, 55128 Mainz, Germany

Although mutations in the SOD1 gene have been identified to cause ALS more that 15 years ago, the toxic
property of mutant SOD1 has not yet been identified. It is established that glia cells contribute to the disease, but
the detrimental action of mutant SOD1 in the different cell types, either by protein aggregation, untypical
enzymatic activity, mitochondrial ~ dysfunction, or toxicity due to aberrant secretion, is not understood.
Nevertheless, it is believed that elucidating the toxic properties of mutant forms of SOD1 could not only be a key
issue to understand the pathomechanisms of some familial forms of the disease, but could give also hints for
deciphering the molecular basis for the onset and the progression of sporadic cases. Based on the analysis of
double transgenic mice expressing mutant SOD1 and SOD1(WT) it is proposed that SOD1(WT) might be involved
in mutant SOD1 toxicity. Double transfection experiments and subsequent fluorescent lifetime based FRET and
biochemical analysis revealed that SOD1(WT) does not primarily co -aggregate with mutant SOD1. In contrast,
SOD1(WT) is able to reduce mutant SOD1 aggregation by heterodimerization. In order to study if the formation of
heterodimers between mutant and SOD(WT) is of functional importance, we generated obligate SOD1 dimer
proteins. By expressing obligatory SOD1 dimers in cellular as well as C.elegans animal models we could
demonstrate that toxicity of mutant SOD1 is uncoupled from their aggregation potential. In further experiments we
characterized the biochemical and biophysical properties of obligatory dimer proteins representing the two major
classes of SOD1 mutants. These analyses of dimer proteins might be a key to disclose the toxic properties of
mutant SOD1.

Supported by the IFSN (University of Mainz), Stiftung Rheinland-Pfalz fiir Innovation, Thierry-Latran-
Foundation, Graduiertenkolleg 1044 (DFG) and Deutsche Gesellschaft fiir Muskelkranke (DGM).
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Axonal RNA Transport in Spinal Muscular Atrophy and Amyotrophic
Lateral Sclerosis

Michael Sendtner!

University of Wuerzburg, Institute of Clinical Neurobiology, Versbacher Str. 5, 97078 Wuerzburg, Germany

Human motoneuron diseases are characterized by loss of motor endplates, axonal degeneration and cell death of
motoneurons. The identification of responsible gene defects for familial ALS, spinal muscular atrophy (SMA) and
spinal muscular atrophy with respiratory distress (SMARD) has pointed to distinct pathophysiological mechanisms
responsible for the various forms of the disease. Evidence from mouse models suggests that enhanced vulnerability
and sensitivity to proapoptotic stimuli is only responsible for some but not all forms of motoneuron disease(1).
Reduced levels of the survival motoneuron (SMN) protein, which are responsible for SMA lead to disturbed RNA
processing in motoneurons. A prominent phenotype of SMN deficient motoneurons is reduced axon elongation in
the absence of defects that result in reduced motoneuron survival (2,3). In particular, the axonal transport of the
mRNA for B-actin is severely reduced. The SMN protein is part of a complex in the cell body that assembles
UsnRNP particles. These U snRNP particles are central constituents of the spliceosome. In addition, the SMN
protein is part of another complex in axons and axon terminals of motoneurons. This complex is distinct from the
classical SMN complex, and it includes mRNA transport proteins, in particular the hnRNP-R protein (1,4). The
hnRNP-R protein binds directly to B-actin mRNA, and both cell culture experiments in which hnRNP-R
expression is reduced and in vivo studies point to an essential role of SMN/hnRNP-R interaction for axonal
translocation of B-actin mRNA.

The consequence is a severe depletion of B-actin-protein in axon terminals, resulting in disturbed axon elongation,
reduced growth cone size and functional deficits in neurotransmission that are caused by disturbed integration and
clustering of voltage-gated calcium channels in axon terminals (3). The deficit in clustering of voltage-gated
calcium channel in growth cones of SMN-deficient motoneurons is accompanied by a significant reduction of
spontaneous Ca2+ transient frequency. In mild models of SMA, this defect can be compensated by enlargement of
motor units (5). PTEN signalling pathways restore local B-actin by stimulating local protein synthesis (6). Current
research in our lab focuses on the development of new therapeutic approaches (7), based on new cell culture
techniques to visualize local translation of mRNAs in axon terminals of cultured motoneurons, and development
of techniques that allow biochemical analysis and characterization of mRNA transport complexes in isolated
motoneurons (8). In addition, new mouse models are generated (9) that allow analysis of axon abnormalities and
disturbed synaptic function at the neuromuscular endplate in vivo by multiphoton microscopy.

1. Rossoll, W. et al. Smn, the spinal muscular atrophy-determining gene product, modulates axon growth and
localization of beta-actin mRNA in growth cones of motoneurons. J Cell Biol. 163, 801-812 (2003).

2. Jablonka, S. et al. Distinct and Overlapping Alterations in Motor and Sensory Neurons in a Mouse Model of
Spinal Muscular Atrophy (SMA). Hum. Mol. Genet. (2006).

3. Jablonka, S., Beck, M., Lechner, B. D., Mayer, C. & Sendtner, M. Defective Ca2+ channel clustering in axon
terminals disturbs excitability in motoneurons in spinal muscular atrophy. J. Cell Biol. 179, 139-149 (2007).

4. Glinka, M. et al. The heterogeneous nuclear ribonucleoprotein-R is necessary for axonal beta-actin mRNA
translocation in spinal motor neurons. Hum. Mol. Genet. 19, 1951-1966 (2010).

5. Simon, C. M., Jablonka, S., Ruiz, R., Tabares, L. & Sendtner, M. Ciliary neurotrophic factor-induced sprouting
preserves motor function in a mouse model of mild spinal muscular atrophy. Hum. Mol. Genet. (2010).

6. Ning, K. et al. PTEN depletion rescues axonal growth defect and improves survival in SMN-deficient motor
neurons. Hum. Mol. Genet. (2010).

7. Sendtner, M. Therapy development in spinal muscular atrophy. Nat. Neurosci. 13, 795-799 (2010).

8. Wiese, S. et al. Isolation and enrichment of embryonic mouse motoneurons from the lumbar spinal cord of
individual mouse embryos. Nat. Protoc. 5, 31-38 (2010).

9. Michaud, M. et al. Neuromuscular defects and breathing disorders in a new mouse model of spinal muscular



atrophy. Neurobiol. Dis. 38, 125-135 (2010).
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Update on tranglational research and treatment strategiesin ALS

Albert Christian Ludolph1

1Department of Neurology, University of Ulm

The goal of treatment strategies for ALS can be both, prevention and modification of the natural history of the
disease itself.

Although initial steps have been taken, in particular in disease models, preventive strategies in humans are
predominantly hampered by the lack of knowledge of the preclinical stages of ALS. However, both, preventive
and disease-modifying strategies can be studied in disease models. The value of these models was hotly debated in
the recent decade since translational research frequently failed. However, before deciding on useful and less useful
models methodological standards for preclinical trials had to be established. Presently, a number of animal (not
only rodent) models are available or are currently being developed. Based on the established methodological
standards, it is a research priority to show which animal model is the most predictive for human drug development.

In principle, treatment approaches can be based on genetic and pathogenetic knowledge. Therapeutics based on
genetics (for example well-defined mutations) are hampered by the genetic heterogeneity of ALS. Current clinical
trials with antisense nucleotides for the most frequent human mutations, mutations in the gene for the superoxide
dismutase (SOD1), will show as a proof of principle whether these treatments will have a chance to be successful.
However, treatment of the more frequent so -called sporadic forms will be based on pathogenetic insights which
are still in their early stages. A compeletely different approach is based on the clinical success of the benzothiazole
riluzole; currently it seems that the further development of structurally related compounds may be advantageous.
Taken together, translational research of the future should focus on the elucidation of the pathogenesis, including
preclinical stages of ALS both in experimental animals and in humans, clarify whether the reduction of
transcription of specific genes could be useful for therapeutics and further develop the positive effect of successful
drugs, such as benzothiazoles.
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For NeuroCell: Bavarian Consortium for “ Adult Neural stem cdlls’

Juergen Winkler!

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

There is an urgent need for the development of new treatments for neurodegenerative diseases such as Parkinson’s
(PD) and Alzheimer’s disease (AD). These neurological disorders cause long-term and severe impairment
affecting the professional as well the daily life of patients. During the last decades there is a tremendous
development in regard of the understanding of the underlying molecular mechanisms, however, the major obstacle
remains, that still no causal therapy exists at present. To overcome these challenges the development of innovative
and long lasting therapies are an urgent need.

Stem cells based neuronal replacement strategies for the treatment of neurological diseases conceptually aim at the
functional replacement of neural cells, which are lost in the course of the disease. One of the most exciting
findings in neuroscience over the last decades was the identification of neural stem and precursor cells in the adult
brain (aNSC’s). These cells of the brain maintain the exceptional capacity to divide and to mature into neurons,
astrocytes and oligodendrocytes. There are two regions within the adult CNS where these aNSCs reside, the
hippocampus and the subventricular zone. Stem cell based therapy for the treatment of neurodegenerative diseases
can be distinguished in two approaches: (i) replacement through transplantation and (ii) neuronal replacement
through recruitment of endogenous neural stem cells. Due to the fact, that aNSCs exist in the mammalian brain and
have the capacity to generate new neurons, the Bavarian Consortium ForNeuroCell tries to develop along these
concepts stem cells based therapies based on aNSCs. By combining the expertise of basic neuroscience, neurology,
neuropathology, neuroimaging as well as neurophysiology, it is the ultimate goal of ForNeuroCell via modulation
and targeted differentiation of aNSCs to induce regenerative processes in the CNS in order to functionally restore
deficits associated with these diseases. The following topics are pursued: (1) Identification of signalling pathways
to modulate and maintain aNSCs; (2) Reprogramming and targeted differentiation of endogenously present aNSCs;
(3) Preclinical testing of aNSCs in acute and chronic disease models; (4) Development of imaging technologies to
detect endogenous and transplanted stem cells in the living mammalian brain. The Bavarian Network
ForNeuroCell consists of 10 projects of the following universities: Friedrich -Alexander-University Erlangen-
Nuremberg, Ludwig-Maximilans-University Munich, Technical University Munich, University Regensburg,
Julius-Maximilans-University Wuerzburg, and the Helmholtz Centre Munich.

ForNeuroCell and these academic centres envision aNSCs based therapeutic approaches for disorders like PD and
AD ultimately translating these concepts into the clinic.
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Research Network " Integration of Stem Cell Derived Neurons'

Dieter Chichung Lie!

"Helmholtz Zentrum Miinchen, Institute of Developmental Genetics, Ingolstiddter Landstrasse 1, 85764 Miinchen-Neuherberg, Germany

Stem cells hold great promise for repair of the central nervous system. A major challenge for stem cell based
replacement therapies is the functional integration of stem cell derived neurons into compromised networks. The
BMBF - funded research network
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Functional Relevance of Adult Neurogenesis

Alexander Garthe!

1Regenerationsgenomik, Zentrum fiir Regenerative Therapien Dresden, Dresden, Germany

Adult hippocampal neurogenesis lifelong produces low numbers of new granule cells that add to the mossy fiber
connection between the dentate gyrus and CA3. The hypothesis is that new neurons are critical to the function of
the dentate gyrus and several specific functions have been hypothesized. We follow the idea that the new neurons
allow an activity- dependent optimization of the mossy fiber tract in order to cope with situations of novelty and
complexity. The precursor cells that are stimulated by activity and training might build up a “neurogenic reserve”
that allows flexible response to cognitive challenges in the course of life.

By now many studies have investigated the function of the hippocampus after adult neurogenesis had been
suppressed or ablated. Gain-of-function experiments, in contrast, have been rare. Physical exercise and
environmental enrichment both increase adult neurogenesis and are additive in their effect. However, despite
similar end results they appear to have specific sub-effects on adult neurogenesis. Are these differences also found
in behavioral tasks that assess neurogenesis-specific functions? We use a modification of the classical Morris
water maze that allows the analysis of the strategies used by the mice to navigate to the hidden platform. Thereby
we can ask how new neurons might increase cognitive flexibility during the acquisition and reversal period of the
task. Are the results of the two gain -of-function paradigms complementary to the loss-of-function experiments?
From the behavioral consequences of both positive and negative regulation of adult neurogenesis a first synthesis
can be attempted of what the new neurons are good for. One key consequence of the findings is that “regulation”
by activity and “function” of the new neurons have to be regarded as connected.



Gottingen Meeting of the German Neuroscience Society 2011 s7_ 4

Voluntary and forced metamor phosis of astroglia into neurons

Benedikt Berningerl, Christophe Heinrich!, Felipe Ortegal, Sanchez Rodrigol, Giacomo
Masserdottil, Marcos Costal, Magdalena Gotz!

Unstitute of Physiology, LMU Miinchen, Physiological Genomics, Schillerstrasse 46, 80336 Miinchen, Germany

In my presentation, I will discuss neurogenesis from astroglia from two perspectives, namely the physiological
process of how astroglia-like stem cells generate neurons in the adult subependymal zone (SEZ) and how we can
instruct bona fide non-neurogenic astroglia such as parenchymal astroglia from the cerebral cortex towards
neurogenesis.

To observe cell division and lineage progression of astroglia-like stem cells, we isolated cells from the adult SEZ
and cultured them without growth factors at low density. We demonstrate here that SEZ cells in this culture
system are primarily neurogenic and progress through stereotypic lineage trees comprising asymmetric stem cell
divisions, symmetric transit- amplifying divisions and final symmetric neurogenic divisions. Stem cells, identified
by their astro/radial glial identity and their slow -dividing nature, were observed to generate asymmetrically and
fast dividing cells that maintained an astro/radial glia identity. These in turn gave rise to symmetrically and fast
dividing cells that lost the glial hallmarks, but had not yet acquired neuronal features. Moreover, we found that
cell growth correlated with the number of subsequent divisions of SEZ cells and their progeny, with slow-dividing
astro/radial glia exhibiting most substantial growth prior to division. The fact that in the absence of exogenously
supplied growth factors and signals provided by the local niche such neurogenic lineage progression takes place in
a highly stereotypic fashion, suggests that it is to a significant degree cell-intrinsic or pre-programmed at the
beginning of the lineage.

In contrast, astroglia from the postnatal cerebral cortex are intrinsically non-neurogenic but can be reprogrammed
in vitro to generate neurons following forced expression of neurogenic transcription factors, thus opening new
avenues towards a potential use of endogenous astroglia for brain repair. We show that strong and persistent
expression of neurogenic fate determinants driven by silencing-resistant retroviral vectors instructs astroglia from
the postnatal cortex in vitro to mature into fully functional, synapse-forming neurons. Importantly, the
neurotransmitter fate choice of astroglia -derived neurons can be controlled by selective expression of distinct
neurogenic transcription factors: Forced expression of the dorsal telencephalic fate determinant neurogenin-2
(Neurog2) directs cortical astroglia to generate synapse-forming glutamatergic neurons; in contrast, the ventral
telencephalic fate determinant DIx2 induces a GABAergic identity. Moreover, neuronal reprogramming of cortical
astroglia is not restricted to postnatal stages, but can also be achieved from terminally differentiated astroglia of
the adult cerebral cortex following injury-induced reactivation.
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Adult neurogenesisin Parkinson's disease

Beate Winner!?

1Nikolaus-Fiebigelr Zentrum fiir Molekulare Medizin, Nachwuchsgruppe III, Gliicksstr. 6, 91054 Erlangen, Germany

2Salk Institute, Laboratory of Genetics, 10010 North Torrey Pines Road, 92037 La Jolla, CA, USA

The pathological hallmark of sporadic Parkinson’s disease is the neuronal accumulation and aggregation of human
wild-type a -synuclein (WWT a -syn). In addition to the substantia nigra and other brain regions, hWT a-syn
aggregates are found in the olfactory bulb and hippocampus. New neurons are constantly generated and
functionally integrated in these brain regions. In hWT a-syn transgenic mice, the number of newborn neurons is
decreased in the adult hippocampus and in the SVZ/ olfactory bulb system. The impact of hWT a-syn in different
a-syn transgenic mice will be discussed.
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Neurogenesis and proliferative cellular plasticity after brain ischemia

Christoph Redecker!

1Jena University Hospital, Hans Berger Clinic for Neurology, Erlanger Allee 101, 07747 Jena, Germany

The adult brain responds to brain lesions such as stroke with an increased proliferation of endogenous progenitor
cells in the subgranular zone of the dentate gyrus adding a significant number of new neurons to the hippocampal
network. Pharmacological interventions but also rehabilitative training like environmental enrichment, wheel
running or skilled training further stimulate postischemic neurogenesis, correlating with a better functional
outcome in sensorimotor but also cognitive tasks. The vast majority of these newborn neurons showed the typical
morphology of granule cells and functional recruitment during specific behavioural tasks. Within the direct
surround of the ischemic lesion the proliferative response is even more complex, comprising a close interaction
between reactive microglia, astrocytes, and distinct populations of proliferating cells expressing the immature
neuronal marker doublecortin. Rehabilitative training again modulated these complex -cellular events, but
neurogenesis is missing in the perilesional area. However, application of growth factors like BDNF or a
combination of anti-inflammatory drugs and behavioural training favour the generation of some new neurons and
may create some new strategies to improve functional recovery after ischemic brain damage.
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OLFACTION TARGETED

Peter Mombaerts !

'Max Planck Institute of Biophysics, Frankfurt, Germany

The mammalian olfactory system is increasingly recognized as an attractive model system for studying the
formation of neural circuits during development. An olfactory sensory neuron expresses just one the of ~1000
odorant receptor genes in the mouse genome. Axons of neurons thatexpress a given odorant receptor gene
coalesce into a few of the ~1800 glomeruli in the olfactory bulb of the mouse. A mapping problem is thus posed:
~1000 populations of neurons, each expressing a particular odorant receptor gene, must be sorted onto ~1800
glomeruli. A productive approach to study axonal coalescence is targeted mutagenesis of odorant receptor genes,
to express axonal markers in neurons expressing a given odorant receptor gene. These experiments have revealed
that the odorant receptor is a critical determinant of axonal coalescence into glomeruli. My talk will summarize
recent results of our research on odorant receptor gene choice and axonal wiring.
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Mammalian olfaction: from genes and cellsto system function and
pathology

Frank Zufall!

1University of Saarland School of Medicine, Physiology, Kirrbergerstr., 66421 Homburg, Germany

Our group is interested in elucidating the general organization of the mammalian sense of smell, using a systems-
oriented approach that combines analyses at the molecular and cellular level with approaches aimed at

understanding circuits and behavior (1). A specific focus of the group is to gain insight into those mechanisms that
mediate chemical communication in mammals (2). More recently, we have found a gene that allows to link
olfactory mechanisms in mice with those in humans. This provides an important example of how the study of
general olfactory mechanisms in mice can lead to insight into the pathophysiology of olfaction in humans.

(1) Munger, S.D., Leinders-Zufall, T. and Zufall, F., Subsystem organization of the mammalian sense of smell.
Annu. Rev. Physiol. 71, 115-140 (2009).

(2) Brennan, P.A. and Zufall, F., Pheromonal communication in vertebrates. Nature 444, 308-315 (20006).
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Mammalian olfactory chemosensors. from genesto behavior

Ivan RODRIGUEZ!

1University of Geneva, Dpt. of Genetics and Evolution, 30 quai Ernest Ansermet, 1204 Geneva, Switzerland

Mammalian species rely on their olfactory system to adequately interact between individuals and with their
surroundings. At the core of this complex sensory system are large superfamilies of specialized G -coupled
receptors, which are present at the interface between the outside and the inside worlds, on dendrites of olfactory
sensory neurons of the main olfactory or vomeronasal epithelia. Surprisingly, these receptors play multiple roles.
They first define the agonist profile of a given sensory neuron. But they also regulate chemoreceptor gene
expression, in the sense that they are involved in the maintenance of the monogenic and monoallelic transcription
that characterizes olfactory receptor gene expression. This limited transcription defines how narrowly tuned a
given sensory neuron is. Third, olfactory chemoreceptors are involved in the precise convergence of like-axons in
the olfactory bulb, a confluence that represents the first step of olfactory coding. Chemoreceptors thus not only
define olfactory neural circuits, but are directly implicated in their establishment and functioning. Some of these
circuits, due to the nature of the chemoreceptors they express, appear highly specialized. This seems to be the case
of a group of vomeronasal sensory neurons that transcribe members of a small family of formyl peptide receptor
genes. These genes are, like most olfactory chemoreceptor genes, characterized by monogenic transcription and a
punctate expression pattern in the sensory neuroepithelium. In vitro expression of the corresponding receptors
provides sensitivity to disease/inflammation-related ligands. The same molecules activate vomeronasal neurons in
vivo. Taken together, these observations suggest that the neural circuit expressing formyl receptor proteins may
play a function associated with the identification of pathogenic states, or with the discrimination of pathogens.
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Encoding and processing of olfactory information in neural circuits

Silke Sachsel, Veit Grabel, Antonia Strutzl, Marco Schubertl, Bill S. Hansson!

1Department of Evolutionary Neuroethology, Max Planck Institute for Chemical Ecology

We are investigating how odors are coded and processed in the Drosophila brainto lead to a specific odor
perception. The basic layout of the first olfactory processing centers, the olfactory bulb in vertebrates and the
antennal lobe (AL) in insects, is remarkably similar. Odors are encoded by specific ensembles of activated
glomeruli (the structural and functional units of the bulb-lobe) in a combinatorial manner. The vinegar fly
Drosophila melanogaster provides an attractive model organism for studying olfaction, as it allows genetic,
molecular and physiological analyses. We are performing calcium as well as chloride imaging to decipher basic
principles involved in olfactory transduction, coding, processing and perception of odors. We will present our
recent insights into olfactory coding strategies yielded by morphological and functional analysis of the different
neuronal populations, i.e. sensory neurons, local interneurons and projections neurons, present in the Drosophila
antennal lobe.
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A cellular module for single-molecule sensitivity in sperm

U. Benjamin Kaupp1

1Stiftung caesar, Molecular Sensory Systems, Ludwig-Erhard-Allee 2, 53175 Bonn, Germany

Sperm of the sea urchin Arbacia punctulata respond to a single molecule of chemoattractant released by eggs. The
mechanism underlying this extreme sensitivity is unknown. Crucial signaling events in the response of sperm to
the chemoattractant include the synthesis of the intracellular messenger guanosine 3',5'-monophosphate (cGMP)

and the ensuing membrane hyperpolarization due to the opening of K -selective cyclic nucleotide-gated (CNGK)
channels.

Calibrated photolysis of caged cGMP shows that= 45 cGMP molecules are required for a single-molecule
response. This corresponds to a change in the total cGMP concentration of 45 nM in the flagellum. The changes in
free concentration are much smaller due to buffering of cGMP by phosphodiesterase or other cGMP-binding sites.
The CNGK channel can respond to such small cGMP changes because it is exquisitely sensitive to cGMP (K, =

25 nM) and activated in a non-cooperative fashion.

The structure of the CNGK channel differs from that of classical CNG channels of photoreceptors and olfactory
neurons. These channels form heterotetramers composed of different subunits. In contrast, like voltage-activated
Ca, and Na, channels, the CNGK polypeptide consists of four homologous repeat sequences. Each repeat harbors

all the functional motifs of a classical CNG channel subunit. Disabling each of the four cyclic nucleotide-binding
sites through mutagenesis revealed that binding of a single cGMP molecule to repeat 3 was sufficient to activate
the CNGK channel. Thus, CNGK has developed an activation mechanism that is different from that of classical
CNG channels, which requires the cooperative binding of several ligands and operates in the micromolar rather
than the nanomolar range. At nanomolar concentrations and in small compartments such as cilia, when only few
molecules are available, the simultaneous binding of several ligand molecules to the same channel is a rare event;
thus cooperative activation would impair rather than enhance channel sensitivity. This study provides a framework
that might be also relevant for pheromone signaling in vertebrate and insect olfaction.
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Evolutionary aspects of sensory perception

Sigrun 1. Ko1rsching1

Unstitut fiir Genetik, Biocenter, Universitit zu Koln, Ziilpicher Str. 47a, 50674 Koln, Germany

The perception of odors triggers many behaviors throughout the animal kingdom, from food localisation and
predator avoidance to many forms of intraspecies communication, including for purposes of reproduction.
Olfactory receptors mediate the primary interaction of the olfactory brain with the external world. Any odor
stimulus is initially represented as activation of one to many different olfactory receptors. The discovery of large
families of olfactory receptor genes in recent years has enabled the study of the sense of smell at the molecular
level.

Using an bioinformatic approach, we have delineated the olfactory receptor gene repertoires in lower vertebrates,
including fish and amphibians. Species-specific rapid evolution in some olfactory receptor gene families, e.g. taar
genes and V2r genes contrasts with a large degree of evolutionary conservation in others, e.g. the v1r-like ora
genes of bony and cartilaginous fish. Several features of the latter gene family do not conform to the expectations
for olfactory receptor genes, including multiexonic genes, an unusual genomic localisation and an atypical 'one
neuronal population — one receptor' mode of expression.

Deorphanization of olfactory receptor genes and interspecies comparisons show a lesser degree of conservation for
the molecular basis of odor detection, the olfactory receptor genes than for the odors themselves. It appears that
physiologically relevant and evolutionary conserved odors are being recognized by different components of the
olfactory receptor repertoire in different species.

Saraiva LR and Korsching SI, A novel olfactory receptor gene family in teleost fish. Genome Res. 17, 1448-57
(2007).

Hussain A, Saraiva LR, Korsching SI., Positive Darwinian selection and the birth of an olfactory receptor clade in
teleosts, Proc Natl Acad Sci U S A 106, 4313-8 (2009).

Olfactory receptor expression pattern and odor -induced activity pattern

Left, in situ hybridization for a TAAR receptor shows sparse expression in the olfactory sensory surface (aka nose)
typical for olfactory receptor genes. Right, TAAR ligand-induced neuronal activity shows very similar sparse
pattern of activated neurons, nuclear dye (red) visualizes the tissue.
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Can thevisual cortex remap retinal input when theretina islesioned?

Antony Morland!

1University of York, Department of Psychology, Heslington, YO10 5SAX York, United Kingdom

The occipital lobe of the human brain contains multiple maps of the

retina. We tested whether or not these visual maps remap visual
information following damage to the retina that occurred as a result of
juvenile and age-related macular degeneration. We presented phase-encoded
checkerboard stimuli (expanding ring and rotating wedges) during
acquisition of T2* weighted magnetic resonance images to 16 patients and
24 controls. In a region of interest analysis, we found that signals in
regions of the brain that would have normally represented the damaged
retina did not exceed those in a control region. Moreover, the signals

did not exceed those in controls in whom we simulated a central scotoma.
We also predicted the area of cortex that should be active on the basis of
the size of the patients’ scotomata that were mapped with microperimetery.
For the patient group, the measured active area did not exceed the area
predicted on the basis of the scotomata. Our results indicate that the

visual areas of the brain are limited in their capacity to reorganize when
retinal damage occurs in adulthood, in contrast to the reorganization
observed when retinal disease is present at birth.
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Neuroplasticity in thevisual cortex of patients with macular
degeneration: evidence from fMRI.

Mark W. Greenlee!

Unstitute of Experimental Psychology, University of Regensburg

In patients with central scotomas, a large part of visual cortex is not adequately stimulated. Patients often use a
new eccentric fixation area on intact peripheral retina (“preferred retinal locus” — PRL) that functions as a pseudo-
fovea. We tested 19 patients with central scotomas (5-20 degrees in diameter) due to retinal dystrophy (Stargardt
disease, cone-rod dystrophy) in a visual search task. In this task the letter “L” had to be detected between several
“T” distractors arranged radially in the peripheral visual field. Additionally, stability of eccentric fixation and
saccadic behaviour were determined. Patients with stable fixation had shorter latencies and needed less correction
steps in the saccadic task, further they showed a significantly better performance in the visual search task than
patients with unstable fixation. Patients more frequently detected targets when they fell into the area around
pseudo-fovea compared to other positions in the visual field. The benefit of a stable pseudo-fovea is also visible in
the pattern of fMRI results. When the target stimulus appeared at the position of the pseudo-fovea, we could find
significant clusters of higher activation in retinotopic areas of the visual cortex corresponding to the respective
PRL. This differential brain activation was not observed in healthy controls.
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Pre- and postnatal plasticity in the visual cortex —bilateral visual field
maps in a patient with only one hemisphere

Lars Muckli!

1University of Glasgow, Centre for Cognitive Neuroimaging (CCNi), Institute of Neuroscience and Psychology, 58 Hillhead Street, G12 8QB
Glasgow, United Kingdom

The prenatal development of retinotopic maps is regulated by two basic principles: gradients of molecular markers
determine map orientations and waves of spontaneous activity determine neighbourhood relations. We were able to
observe the developed retinotopic maps of a 10 year old girl who was born with only one cerebral hemisphere
(Muckli et al 2009). The retinal ganglion cells from her normal developed left eye project entirely to the left
thalamus and the left cerebral hemisphere, where full-field visual maps emerged. Patient AH’s condition was
congenital and distinct from patients who regained visual field loss after hemispherectomy early in life (Werth
2006). AH’s precise retinotopic folding patterns in VI, V2 and LGN provide evidence for the underlying
developmental mechanisms based on molecular markers and on activity- dependent cues. In V1, smooth and
continuous maps from contra - and ipsilateral hemifields overlap each other, whereas in ventral V2 and V3
ipsilateral quarter field representations invaded small distinct cortical patches. In V1, the overlapping patterns of
both visual hemifields were mirror symmetric, which is indicative off a mapping mechanism that aligns
corresponding ephrin gradients of the nasal and lateral retina. Distinct patches in V2, V3 and thalamus reveals a
surprising flexibility of the developmental mechanisms responsible for map formation.

1. Muckli L., M.J. Naumer & W. Singer (2009). Bilateral visual field maps in a patient with only one hemisphere.
Proceedings of the National Academy of Science USA (PNAS); 106(31):13034-9.

2. Werth R. (2010) Visual functions without the occipital lobe or after cerebral hemispherectomy in infancy. Eur J
Neurosci. 2006 (10):2932-44.






Gottingen Meeting of the German Neuroscience Society 2011 sg_ 4

Population receptive fields and plasticity

Serge O. Dumoulin!

'Utrecht University, Experimental Psychology, Helmholtz Institute, Heidelberglaan 2, 3584 CS Utrecht, Netherlands

We introduced a new functional magnetic resonance imaging (fMRI) data -analysis method for estimating the
neuronal population receptive field (pRF) properties in human visual cortex [1]. We show that in healthy subjects
these pRF sizes vary in a systematic way between and within different visual field maps [1,2]. The pRF size
estimates are consistent with invasive human and monkey electrophysiological measurements. The pRF method is
non-invasive and can be applied to a wide range of conditions when it is useful to link fMRI signals in the visual
pathways to neuronal population receptive fields.

We have applied our pRF measurements, in two extremely rare neuro -ophthalmologic cases: a subject born
without an optic chiasma [3] and a case of sight salvage in adult life [4]. We describe highly atypical visual field
representations in the otherwise functional visual system of the achiasmic subject. In the case of sight salvage in
adult life, repairing the retinal image has not restored normal cortical organization, seven years post-surgery. The
continuing deficits in his cortical organization may explain why this patient’s visual performance remains
substantially impaired. We confirm remarkable plasticity at an early stage of development but our results indicate
very limited plasticity in the adult visual cortex.

[1] Dumoulin, Wandell (2008) Neurolmage. 39: 647—660.

[2] Amano, Wandell, Dumoulin (2009) J Neurophysiology. 102: 2704-2718.

[3] Prakash, Dumoulin, Fischbein, Wandell, Liao (2010) J Neuro-Ophthalmology. 30: 45-48.
[4] Levin, Dumoulin, Winawer, Dougherty, Wandell (2010) Neuron. 65: 21-31.
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Congenitally abnormal V1 input —insightsinto the self-organisation of
the human visual system

Michael B. Hoffmann !

1Magdeburg University, Ophthalmology, Visual Processing Lab, Leipziger Str. 44, 39120 Magdeburg, Germany

Different types of misrouting of the optic nerves can provide large scale abnormal input to the visual cortex: In
albinism part of the temporal retina projects erroneously to the contralateral hemisphere, while in hypochiasmia
part of the nasal retina projects erroneously to the ipsilateral hemisphere. Due to these congenital malformations of
the optic chiasm, processing in the early visual cortex is in albinism and in hypochiasmia not only dedicated to the
representation of the contralateral, but also of a sizable proportion of the ipsilateral visual field. This makes these
conditions a powerful model to study principles of re- and self-organisation in the human visual system. Here, a
series of studies will be presented, detailing the projection abnormality, its cortical organisation, its relevance for
visual perception, and its consequences on processes of visuo-motor integration in humans. Results: In albinism
the representation abnormality (i) extends on average eight degrees into the temporal retina, (ii) varies in its extent
between subjects independent of visual acuity and nystagmus amplitude, but dependent on pigmentation defect,
(ii1) is organised as a retinotopic map in the primary visual cortex, (iv) is relevant for visual perception, and (v)
leaves major lateralisation patterns in the primary motor cortex and the somato-sensory cortex unaffected. (vi) In
both albinism and hypochiasmatic subjects, the abnormal cortical representation of the ipsilateral visual field is
superimposed as a retinotopic mirror-symmetric overlay onto the normal cortical retinotopic representation of the
contralateral visual field. In conclusion, in both conditions, i.e., enhanced and reduced crossing at the optic chiasm,
the abnormal input to the visual cortex does not undergo a topographic reorganisation of the geniculo-striate
projection. These findings indicate that conservative cortical mapping of large-scale abnormal input to the lateral
geniculate nucleus is a general principle to make the abnormal visual input available for higher-tier cortical
processing in primates. This is in contrast with the heterogeneity of solutions reported in various non-primate
animal models of misrouted optic nerves.

Supported by Deutsche Forschungsgemeinschaft (HO 2002/3-1, HO 2002/4-1, HO 2002/10-1)
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Functional plasticity in adult human cortex in response to an extreme
alteration of visual input

Alyssa A Brewer!, Brian Barton!, Ling Lin!

1University of California, Irvine, Department of Cognitive Sciences, 3151 Social Sciences Plaza, UCI, 92697 Irvine, USA

INTRODUCTION: In this study, we exploit the dynamic nature of posterior parietal cortex to examine cortical
functional plasticity induced by a complete reversal of visual input in normal adult humans. A number of studies
have investigated visuomotor adaptation to altered visual input by wearing inverting or reversing prism spectacles
(e.g., Stratton, 1897, Miyauchi et al., 2004). Behavioral adaptation to inverting or reversing prism spectacles has
been shown by several studies to develop within just a few days (e.g., Linden et al., 1999). However,
corresponding results from cortical measurements have been controversial. Using retinotopic fMRI measurements,
we now demonstrate changes within multiple visual field maps of normal adult humans following the extreme
alteration of visual input produced by left-right reversing prism goggles.

Data from adult barn owls suggest that after long-term adaptation to a large shift in visual input from prisms the
altered representations of visual space persist (Linkenhoker and Knudsen, 2002). Here we also investigate whether
there is a difference in the timing or degree of a second adaptation to the left-right visual field reversal in adult
humans after long-term recovery from the initial adaptation period.

METHODS: Subjects wore left-right reversing prism spectacles continuously for 14 days. These same subjects
then returned for a 4-day re-adaptation to the reversed visual field 1-9 months later. Throughout the experimental
periods, subjects underwent a daily battery of visual and visuomotor behavioral tasks. Every few days we
measured the BOLD responses to retinotopic stimuli comprised of wedges and rings. For each subject, we defined
the baseline organization of the occipital and parietal visual field maps using phase -encoded traveling wave
analysis of these data. Then we measured receptive field alterations within these maps across time points, using the
population receptive field (pRF) method (Dumoulin and Wandell, 2008).

RESULTS/CONCLUSIONS: The results from the first 14-day experimental period highlight a systematic and
gradual shift of visual field coverage from contralateral space into ipsilateral space in parietal cortex throughout
the prism adaptation period. After returning visual input to normal, nearly all maps shift back to their state at
baseline by the next day. These measurements allow us to identify the cortical regions subserving the dynamic
remapping of cortical representations in response to altered visual perception. These results enhance our
understanding of the potential for functional plasticity in human visual cortex.

After the second, 4-day experimental period, the data demonstrate a faster time course for both behavioral and
cortical re-adaptation. By the end of this much shorter re-adaptation period, the measurements again show a shift
of visual field representation from contralateral towards ipsilateral visual space in parietal cortex. These
measurements of cortical visual field maps in subjects with severely altered visual input demonstrate that the
changes in the maps produced by the initial long prism adaptation period persist over an extended time.
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Motor systems oscillations: a case study in complexity

Stuart N. Baker!

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

The primate motor system exhibits characteristic oscillations, which differ from those investigated in other brain
regions in frequency and possible function. Beta band oscillations (~25Hz) appear only during steady contractions,
and are synchronised between sensorimotor cortex and the periphery (muscle). Application of standard spectral
methods (coherence) suffices to demonstrate such corticomuscular coupling, but the detailed results prove difficult
to interpret. More advanced methods such as directed coherence (Granger causality) lead to the conclusion that
oscillations traverse a sensorimotor loop, not only propagating from cortex to muscle, but also back along sensory
pathways. This provides tantalising clues as to the function of this activity.

Physiological tremor has a component at around 10Hz. Multiple mechanisms conspire to generate this; it can
present a severe limitation to fine motor control. In our recent work, we demonstrated experimentally that
excitatory interneurons in the primate spinal cord fire in antiphase with cortical inputs at ~10Hz. This allows phase
cancellation of ~10Hz rhythms in motoneurons and reduction of tremor amplitude. Using computational
modelling, we also showed that recurrent inhibition generated by Renshaw cells (a class of inhibitory spinal cord
interneuron) acts to remove 10Hz components from the motor command. We speculate that recognising the
existence of active tremor cancellation within spinal circuits may be important in understanding some pathological
tremors.

Investigating oscillations in the motor system requires a close synergy between experiment, computational data
analysis, and neural modelling. Experiments are difficult and costly to perform; the raw data generated can often
be of use outside the originally intended purpose. CARMEN is a novel platform to facilitate sharing of both data
and analysis methods. This was produced by a collaboration involving 19 diverse investigators from 12 UK
universities. The talk will conclude with a brief overview of the capabilities of the CARMEN platform. Much of
the data on oscillations described during the talk is publically available via CARMEN, for those interested in
testing different analytical techniques.
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Structural connectivity at your fingertips

Rembrandt Bakkerl, Rolf Kotter 2

'Radboud UMC Nijmegen, Donders Inst. for Brain, Cognition and Behaviour, P.O. Box 9101, 6500 HB Nijmegen, Netherlands
ZRolf Kotter sadly passed away on June 9, 2010

Uncovering the large-scale human connectome is a hot topic in the neurosciences, stimulated by a recent large
NIH funding initiative, and accelerated by recent developments in MRI-based techniques; fiber tracking algorithms
bear the promise of producing a graph of the structural connectome, albeit limited in scope to intercortical,
undirected white matter fiber tracts. For layer-specific tracts, intracortical resolution and directed graphs, one has
to fall back on axonal tracing experiments. These have been performed in animal studies for over a century, with
the disadvantage that the procedure is lethal and only a few tracer injections can be done per animal. While this
type of experiment offers unparallelled detail, it is an enormous neuroinformatics challenge to retain that level of
detail after combining tracing results obtained from thousands of individual brains.

The first and major step has been to combine the results of hundreds of published tracing studies into a single
database. For nonhuman primates, the largest such resource is CoCoMac (Collations of Connectivity data on the
Macaque brain), built up under the guidance of Rolf Kottert.

The next challenge is to bring these results into a single, standard atlas space. Tracing studies report the injection
and labeled sites by name, typically taken from a histochemistry -based brain partitioning scheme. To transform
these into spatial coordinates, the names need to be mapped from their native naming system to one that has an
associated atlas space, i.e., for which a name-to-coordinate mapping is available. The name-to-name service is
provided by CoCoMac itself, using objective relational transformation (ORT, [1]). For the name-to-coordinate
mapping we rely either on the Rhesus monkey atlas by Paxinos, Huang and Toga [2] which is part of CoCoMac, or
on the atlas registration services provided by Caret [3].

The third crucial aspect is to bring these services out to the neuroscience community. Progress is more often than
not determined by the speed and ease at which complex techniques are available for non-expert users. To this end
we have joint forces with the International Neuroinformatics Coordinating Facility (INCF) and built the Scalable
Brain Atlas (SBA), an interactive atlas viewer which brings brain ontologies and atlas spaces together in a single
web browser window (scalablebrainatlas.incf.org, no java required). With the SBA's built-in CoCoMac plugin, it is
possible to launch CoCoMac queries and display connectivity results in a few intuitive mouseclicks. Deep-links to
the CoCoMac website guide the expert user through the processing steps required to arrive at the resulting
connectivity estimates, and allow downloads of raw connectivity data.

The fast online retrieval of CoCoMac connectivity required an overhaul of ORT and the creation of a conflict
resolution algorithm, invoked when the name-to-name service yields ambiguous results. It relies on Bayesian
reasoning to eliminate statements with low probabilities of being true. A new development is the creation of a
wiki-inspired interface which allows CoCoMac to be kept up to date by the user community, without the
supervision of its founder.

[1] Stephan KE, Zilles K, Kétter R (2000). Philos Trans R Soc Lond B Biol Sci. 355(1393):37-54
[2] Paxinos G, Huang X-F, Toga AW (2000). Academic Press: ISBN 0-12-358255-5
[3] Van Essen DC, et. al. (2001). JAMIA 8(5):443-459.
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BUILDING A BRAIN OF VISIBLE CELLS

Mark H Ellisman !

Stephen Larson, James Bouwer, Steven Peltier, Chris Aprea, Ilya Zaslavsky, Sarah Maynard, Monica Berlanga, F. Imam, Jeff Grethe, Tom
Deerinck, Eric Bushong, Maryann Martone, and Mark Ellisman; National Center for Microscopy and Imaging Research (NCMIR), Center for
Research in Biological Systems, San Diego Supercomputer Center, California Institute for Information Technology and Telecommunications,

University of California San Diego, La Jolla, CA, USAUCSD, Neuroscience, 9500 Gilman Dr. MC0608, 92093-0608 La Jolla, USA

A host of new technological tools for data acquisition and data sharing have been integrated and are beginning to
deliver new open access brain data resources that can be explored across the full range of scales, from genomics to
networks of neuronal systems. What remains unknown about networks of cellular connections in the brain provides
significant drivers for development of these new capabilities. The brain is fundamentally multi-scale with functions
dependent upon molecular and cellular synaptic associations, cytoarchitectural patterns of local connectivity, and
long-range connectivity between brain regions - with ramifications to virtually all other organs of the body. Very
restricted molecular modifications or defects can lead to alterations in the structure and function of brain tissue at
all these levels, making integrated views and tools for study of the nervous system extremely valuable.

Despite rapid progress in development of new experimental methods, our ability to simultaneously study the brain
across all these scales remains quite limited. Experimental methodologies available today reveal only limited views
of nervous system organization. Many research groups are now working to expand data acquisition and
computational methods to facilitate more wide spread use of multiscale data in biomedical research. These
cooperatively constructed facilities containing pooled and integrated data are allowing researchers to generate and
test hypotheses that involve brain systems spanning molecular to tissue scales and to analyze and study the nervous
system across spatial dimensions spanning nanometers to centimeters.

New experimental technologies, including new microscopy methods, are now able to reveal new aspects of
organization within these scales, yet the development of software tools to synthesize these data into more coherent
models of brain structure and function has lagged behind. To help close this gap the NCMIR has created a client-
server platform, the Whole Brain Catalog (WBC) (http://wholebraincatalog.org/) around the mouse brain, an
extensively studied animal model system for investigations into human disease. The WBC allows data from brain
regions to molecules to be represented in a common space, drawing on data deposited at local as well as
geographically distant data repositories. It allows researchers to upload their own data into a standard anatomical
framework using many standard formats such as 3D meshes of subcellular scenes and of brain region territories,
large 2D image data sets from EM and light level microscopy, simulation-suitable marked up clusters of neurons
or Neurolucida neuronal reconstructions, and solved protein structures - in formats deposited in the Protein Data
Bank (PDB). These data are registered to the WBC and a standard atlas, the “Waxholm Space”, space recently
developed as a standard conceptual framework for the mouse brain by the neuroscience community under the
auspices of the International Neuroinformatics Coordinating Facility (INCF).

Several of NCMIR’s large scale image data collection resources are now streaming multiscale data about mouse
animal models of disease and normal mice into the WBC. These include wide field reconstructions of cells in the
nervous system using ultra-wide field laser scanning light microscopy, serial block-face scanning electron
microscopy, ultra-wide field electron microscopy and tomography for whole cell reconstructions. These tools are
applied to biomedical research projects including those pertaining to models of Parkinson’s disease, cancer and
epilepsy as part of the collaborative project / driving biomedical research project portfolio of the NCMIR which
shape technological research and development at the Center. Most notably, extremely large volumes of data are
already being fed into the WBC using a new 3D EM technique being refined at NCMIR. This method combines
the new high throughput scanning EM method, “serial block -face scanning electron microscopy (SBFSEM)”,
developed by Winfried Denk and coworkers in Heidelberg with NCMIR-developed methods for high contrast
staining and molecule-specific marking to facilitate correlated light and electron microscopy.

This Web-based resource also incorporates the 3D geometry of the Allen Reference Atlas structures of the mouse
brain, with a NCMIR research collaborators images taken from the Cell Centered DataBase (CCDB) and
integrated with collections from GENSAT mice and example mouse models of Parkinson’s disease. The brain
models of the WBC can be easily rotated, panned and zoomed in real time allowing interactive exploration.



Zooming into the brain reveals further detail such as 3D representations of neurons, 3D representations of cellular
substructure and so forth, like supramolecular complexes found in EM tomograms of neuropil or deposited in the
PDB. Images of unlimited size can be warped and aligned to atlases; and images of unlimited size can be viewed.
Thus this new tool, the Whole Brain Catalog, provides a window into the most extensive integrated source of
neuroscience information by connecting its 3D multiscale client environment to the NIH Blueprint-supported
effort, the “Neuroscience Information Framework” (NIF). This WBC — NIF integration is accomplished through
NIF’s collaborative ontology management system, NeuroLex that has been built on top of the same software that
runs Wikipedia. From anywhere in the 3D brain window, and at any level of zoom, the user can “right click” to
NIF to be spatially and semantically linked to known and cataloged information pertaining to the site within the
brain which the user has brought into their viewing window.
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What contrast did you use? - Automated handling of metadata.

Jan Grewel’2, Thomas Wachtler1’3, Jan Bendal+?

1Ludwig-Maximilians-Universitéit Miinchen, Department Biologie II, GroBhadener Strasse 2, 82152 Planegg- Martinsried, Germany;

2Bernstein Center for Computational Neuroscience Munich, BCCN Munich, Germany;3 German Neuroinformatics Node, Ludwig-
Maximilians Universitdt Miinchen, Germany

Acquisition, analysis, management, and sharing of electrophysiological data concerns not only the recorded
voltage and current traces, but also requires metadata that provide information about stimulus conditions, settings
of the recording setup, experimental procedures, etc. Similar to the diversity of formats used for storing recorded
data, there are numerous ways in which metadata are stored. The hand-written lab book as the most common and
simple way to record metadata is, however, not well accessible to data processing software. Systems for electronic
management of metadata often use a (meta)data model that assumes a very detailed and specific structure and
context. Within a lab this specificity is usually not a problem. However, when it comes to sharing data with other
laboratories or even with a larger community, in particular considering the upcoming initiatives of public
databases, the lack of interoperability of different data models may become a major obstacle.

We present a very general and simple approach to the problem of metadata sharing that is merely based on key-
value pairs grouped in hierarchically organized sections. This tree is a generic structure to store arbitrary data that
is independent of any specific data model or database schema. Through terminologies metadata can be structured
and standardized for ensuring interoperability while at the same time not restricting the content, thus ensuring
immediate flexibility to record any metadata necessary.

We exemplify the automated handling of metadata by our research on the role of noise in processing sensory
information. The study is based on a comparison of response properties of two types of electroreceptors (active and
passive electrosensory system) of different species of weakly electric fish (Apteronotus albifrons, Apteronotus
leptorhynchus). Our recording tool (RELACS by JB) automatically annotates the recorded data with all metadata it
knows about the stimulus, the recording settings, the experimental subject, the recording conditions etc. This
information is imported into our database (LabLog by JG) which we use to keep track of the recorded data and to
retrieve datasets. We show that receptors of the active electrosensory system show a much larger response
variability and population heterogeneity than the ones of the passive system. With information-theoretic measures
we characterize the impact of neuronal noise on the tuning of the two types of electroreceptors to dynamical
stimuli. The comparison of electroreceptor neurons with high spike -timing variability (active system) and those
with low variability (passive system) further reveals how the noise is tuned to the different demands on the
respective system.



Gottingen Meeting of the German Neuroscience Society 2011 s 1 0_ 5

What can we learn from multielectr ode recordings?

Gaute T. Einevoll!

1Norwegian University of Life Sciences, Mathematical Sciences and Technology, POBox 5003, 1432 Aas, Norway

Mathematical modelling relies on experimental data to make progress, both to constrain and to test the models. A
common experimental method has been in vivo single-unit extracellular recordings: when a sharp electrode is
placed sufficiently close to the soma of a particular neuron, the recorded potential reliably measures the firing of
individual action potentials in this neuron. This information is contained in the high-frequency part of the recorded
potentials. The low-frequency part, that is, the local field potentials (LFP), has proved much more difficult to
interpret and has typically been discarded.

Other experimental methods, particularly methods that measure population-level activity in vivo, are needed to
facilitate development of biologically relevant neural network models. Large -scale electrical recordings using
various types of multielectrodes, i.e., electrodes with many contacts, are one such option. As techniques for such
recordings are rapidly improving, there is a need for new methods for extraction of relevant information from such
data. Here we present results from projects in our group aimed at elucidating the link between recorded
extracellular potentials and the underlying neural activity.

Extracellular potentials in the brain are in general due to complicated weighted sums of contributions from
transmembrane currents in the vicinity of the recording electrode. The transmembrane currents accompanying
various types of neural activity can be calculated by means of multicompartment models. Given these
transmembrane currents, the extracellular potential can in turn be calculated using a electrostatic forward-
modelling formula based on the quasistatic version of Maxwell’s equations (Holt & Koch, J Comp Neurosci 6:169,
1999) . Several projects from our group where this forward-modelling scheme has been utilized will be presented,
including:

(A) investigation of how neural morphology and electrical parameters affect the shape and size of extracellular
action potentials (Pettersen & Einevoll, Biophys J 94:784, 2008),

(B)investigation of the frequency spectra and spatial range of the LFP generated by single neurons (Linden et al, J
Comp Neurosci 2010),

(O)investigation of the relationship between the LFP and multi-unit activity (MUA) with the underlying neural
activity in an activated columnar population of pyramidal neurons (Pettersen et al, ] Comp Neurosci 24:291,2008),
(D) development of the iCSD method for estimation of current source-density from LFP recordings (Pettersen et
al, J Neurosci Meth 154:116, 2006),

(E) introduction of laminar population analysis (LPA) where stimulus-evoked laminar-electrode data from rat
barrel cortex are analyzed in a scheme where the MUA and LFP are jointly modelled using physiological
constraints (Einevoll et al, J Neurophysiol 97:2174, 2007), and

(F) extraction of thalamocortical and intracortical network models based on laminar-electrode data from barrel
cortex and simultaneous recording of thalamic firing activity recorded in the homologous barreloid (Blomquist et
al, PLoS Comp Biol 5:¢1000328, 2009)
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Simulation Science for Neuroscience

Henry Markram!

IBlue Brain Project, Brain Mind Institute, EPFL

Science traditionally rests on two branches of knowledge generation; experiment and theory. With the massive
growth in the volume of data and fragments of knowledge of a system as complex as the brain, these two pillars
are no longer enough. Organizing all the data to make it accessible to all is a major first step that started in the
1990's. With this development, it became clear that mathematical, statistical and computer science approaches
could be applied to this data to derive new insights on the organizing principles of the brain. Correlation-based
science began to emerge. The potential of this form of science to understand how all the data and knowledge fit
together has become increasing obvious and has justified large-scale initiatives to gather more data, more
standardized and more quantitative. Correlation-based science has, for example, become a primary strategy for
post-genomic science as researchers attemptto correlate genetic variations with phenotypic variations.
Correlation-based science however generates theories, which remain speculative until causation can be
demonstrated. The academic domains of Physics, Chemistry & Engineering crossed this problem some time ago
and used computer models to gather and integrate as much data and knowledge of a system as possible and then to
explore causal relations (e.g. simulating nuclear events, cars, airplanes), in many cases completely replacing theory
and experiment. Simulation science ideally should use bottom up models because the primary goal is to understand
the function of the elements of the system and trace the chains of causality leading to the emergent properties.
With accurate models, not only are predictions more pertinent and accurate, but the causal chains become more
transparent. Developing simulation science for the neurosciences is a major challenge because it demands the
convergence of virtually all domains of science and medicine ? at the experimental and theoretical levels. The
convergence is achieved through a strategy called Integrative Biology and enabled by the rapid growth in
supercomputing power. Simulation science is an inevitable end result in the life sciences as all fragments of data
and knowledge become integrated and accounted for, eventually completely replacing experimental and theortical
science and becoming a mere engineering tool. Until then, simulation science forces a strategy thatcan
systematically pierce through the complexities of the brain to systematically reveal its principles of design and
operation.
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Cue and Context Conditioning in Virtual Reality

Andreas Mﬁhlbergerl, Heike Ewald!, Evelyn Glotzbach!, Christian Trégerl, Paul Pauli!

1University of Wiirzburg, Department of Psychology, Marcusstr. 9-11, 97070 Wiirzburg, Germany

Human research on fear conditioning nearly exclusively examined fear conditioning of fear cues (often pictures or
abstract stimuli). Context fear conditioning as well as the effects of safety cues and safety contexts were rarely
studied, presumably because of difficulties to manipulate and control context stimuli. Advances in computer
technology and especially in virtual reality (VR) are used to overcome this deficit and allow assessing both
physiological as well as behavioral responses in an ecological valid environment.

Thus, we established a VR based paradigm to examine cued and context fear conditioning in humans in analogy to
animal research. Behavioural and physiological responses triggered by cues and contexts were assessed as well as
associations of these responses with genetic markers. Specific goals were to examine the effects of fear-
conditioned contexts and of fear-conditioned cues modulated by contexts.

The aim of a first study was to examine context conditioning in a virtual reality environment in general and the
effect of pre-exposure to the to-be-conditioned context in particular. To accomplish this, a VR paradigm presented
via a head mounted display was used in which one of two rooms was contingently paired with an aversive electric
shock as an UCS. Participants were randomly either exposed to the later context conditioning environment (n =
20) or to a neutral VR environment (n = 20) one day before the actual context conditioning experiment. To assess
fear conditioning ratings of valence, arousal, and anxiety and on a physiological level startle reflex, skin
conductance response, and heart rate were used. In accordance to the hypothesis, a successful context conditioning
could be shown across subjective and physiological indicators. More importantly, a pre-exposure didn't prevent a
successful context conditioning but failed to make any impact.

A second study focused on behavioral consequences of context conditioning. One context was paired with an
electric shock (fear context), whereas in the other context no shock was administered (safety context). After the
acquisition phases evaluative ratings for valence, arousal and anxiety were obtained for each context. At the end of
the experiment a test of avoidance behavior was conducted. Participants choose two out of three contexts (a neutral
context was added) consecutively, which they wanted to visit once again. As expected, most participants avoided
to select the fear context. We also found clear evidence for evaluative conditioning in these participants. On the
contrary, participants who avoided the safety context failed to show evaluative conditioning. These results
demonstrate that avoidance behavior is strongly connected to evaluative conditioning.

Further studies on genetic markers that might influence cue or context conditioning as well as underlying neuronal
circuits measured by fMRI will be presented. Overall we conclude that virtual reality is a new research paradigm
that will allow investigating associative learning processes in highly experimentally controlled and ecologically
valid environments and thus fill the gap between laboratory research in human and the relevance for human being
in daily live.
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Defensive M obilization in Anxiety Disorder Patients

Alfons O. Hamm!

1Dept. of Biological and Clinical Psychology, University of Greifswald

Currently diagnosis of emotional disorders 1is based on patients phenomenological symptom reports, often
accomplished by interviews standardized according to the diagnostic categories and criteria represented in the
DSM-1V or ICD-10. One problem of this approach, however, is that the patients do not fit into the precise list of
symptoms and criteria. As a consequence there is extensive co-morbidity of several mental disorders (which is
rather the rule than the exception) and diagnostic categories are rather overspecified so that in reality patients
suffer from symptoms that are often not so finely differentiated as the DSM grid on which they have to be mapped
(e.g., limited symptom panic attacks). The most central problem of this approach, however, is that due to the effort
to maximize interdiagnostician agreement, i.e., reliability, validity is unintentionally sacrificed.

The current presentation will introduce a neuroscience perspective for classifying mental disorders, using
dysfunctions of the emotional systems as an example. Starting from elucidating the neural networks of the
mammalian defense system translational data will be presented suggesting comparable neural networks of
defensive reactivity in humans. It will be shown, however, that a multi-measure approach is essential to
disentangle different processes that are involved in human defensive reactivity (e.g. encoding of threat relevant
information and the dynamics of defensive response mobilization). Finally data on emotional reactivity in patients
with anxiety and borderline personality disorders will be presented suggesting a common mechanism for
developing anxious and depressed psychopathology.
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Neural changesin anxiety disordersand possible modulatory treatment
approaches

Andreas J. Fallgatterl, Lena Ernstl, Ann-Christine Ehlisl, Sarah Tupak2

1University of Tuebingen, Dept. of Psychiatry and Psychotherapy, Osianderstr. 24, 72076 Tuebingen, Germany

Current research in patients with anxiety disorders suggests functional deficits within the prefrontal cortex, which
result in reduced inhibition of the amygdale, in turn accounting for increased fear perception in these clinical
populations. Principally, such a pathophysiological model would allow to positively influence the supposed
prefrontal hypofunction via repetitive transcranial magnetic stimulation (rTMS)in a facilitating mode (high-
frequency stimulation). Such a facilitating treatment may strengthen the inhibitory activity of the prefrontal cortex,
resulting in a better control of panic -associated amygdale hyperactivity and, in turn, in a reduction of panic
attacks.

Based on this theoretical framework, we propose the application of a non-invasive optical imaging technique
(Near-Infrared Spectroscopy; NIRS) for the measurement of anxiety-related hypoactivity of the prefrontal cortex,
and for the control of a treatment success on the brain metabolic level. In a single patient with panic disorder we
could detect a pattern of hypoactivity in the prefrontal cortex during an emotional Stroop task. Facilitating rTMS
treatment (15 sessions within three weeks, add-on) was associated with (1) an improvement of prefrontal activity
in the emotional Stroop task and (2) with the absence of further panic attacks. This is the first report of a NIRS-
guided and —controlled facilitating rTMS treatment of a patient with a panic disorder. Given the excellent clinical
applicability of the methods, the combination of NIRS and rTMS might have the potential to establish new
treatment options in psychiatry aiming on the modulation of pathological regional brain activity patterns.
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On therelationship between emotion and cognition

Luiz Pessoa!

Indiana University, Department of Psychological and Brain Sciences, 1101 E10th Street, 47405 Bloomington, IN, USA

The current view of brain organization supports the notion that there is a considerable degree of functional
specialization and that many regions can be conceptualized as either ‘affective’ or ‘cognitive’. Popular examples
are the amygdala in the domain of emotion and the lateral prefrontal cortex in the case of cognition. This prevalent
view is problematic for a number of reasons that will be discussed. It will be argued that complex cognitive—
emotional behaviors have their basis in networks of brain areas, none of which should be conceptualized as
specifically affective or cognitive. Central to cognitive—emotional interactions are brain areas with a high degree of
connectivity called hubs (e.g., amygdala), which are critical for regulating the flow and integration of information
between regions. Examples of cognitive -emotional interactions to be discussed include the visual processing of
affective stimuli, and how threat processing (e.g., threat of shock) influences executive functions, such as response
inhibition and response conflict. These examples will be used to motivate a so-called dual competition framework
in which emotional information influences competition processes both at the perceptual and the executive levels
(see Figure). Finally, it will be argued that although the processing of emotional information is indeed privileged,
there are no specialized circuits or pathways per se for doing so. In particular, empirical data will be reviewed that
challenge the notion that affective stimuli are processed independently of attention and awareness. In a related
fashion, data will be reviewed that question the existence of a subcortical “low road”, namely a colliculo-pulvino-
amygdalar pathway, that is particularly effective at carrying affective information. Instead, an alternative scheme,
called the multiple waves model, will be described that attempts to provide a better explanation of existing data
based on fast and parallel cortical pathways.
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Corticolimbic Interaction in Anxiety — I nfluence of Genetic Variants

1

b

Katharina Domschkel, Patricia Ohrmannl, Miriam Braunl, Thomas Suslowl, Jochen Bauer
Walter Heindel?, Harald Kugelz, Volker Arolt!, Andreas Reif>, Jirgen Deckert?

lUniversity of Muenster, Department of Psychiatry, Albert-Schweitzer-Strasse 11, 48149 Muenster, Germany
2University of Muenster, Department of Radiology, Albert-Schweitzer-Strasse 33, 48149 Muenster, Germany
3University of Wuerzburg, Department of Psychiatry, Fuechsleinstrasse 15, 97080 Wuerzburg, Germany

Anxiety disorders and panic disorder in particular are highly heritable diseases with an estimated heritability of
around 50%. Association with variants in candidate genes of the serotonergic, dopaminergic and recently the
neuropeptide S systems has been reported in these disorders and associated dimensional phenotypes such as
anxiety sensitivity. In order to further elucidate the functional impact of these findings, relevant genetic variants
were investigated for association with neuronal activation correlates of emotional processing as an intermediate
phenotype of panic disorder.

Regional brain activation upon presentation of fearful faces (Ekman and Friesen, 1976) was investigated in 20
patients with panic disorder by means of fMRI at 3T. Probands were genotyped for the functional 5-HT1A -
1019C/G, COMT vall158met and NPSR A/T (Asnl1071Ile) polymorphisms.

In response to fearful faces, higher activation in the amygdala was observed in patients carrying at least one
COMT 158val allele, while a significantly decreased activation of the ventromedial and dorsolateral prefrontal
cortex, orbitofronal and anterior cingulate cortex was associated with the 5-HT1A -1019G/G genotype and NPSR
T allele carriers, respectively.

The present data provide preliminary evidence for a role of the functional 5-HT1A -1019C/G, COMT vall58met
and NPSR A/T (Asnl07Ile) polymorphisms in pre-/orbitofrontal frontal cortex and limbic system activation in
response to emotional faces in panic disorder. The increased vulnerability to panic disorder in subjects carrying the
respective risk genotypes might be due to an altered serotonergic, dopaminergic or neuropeptide S tonus in
relevant brain regions leading to impaired processing of anxiety-related stimuli. This might be particularly
conferred by a genetically determined alteration of the corticolimbic interaction with a lowered threshold of
amygdala excitability along with an impaired inhibition of amygdala activation by the pre-/orbitofrontal cortex.
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Molecular Determinants of Fear Conditioning and Extinction

Raffael Kalisch!

nstitute for Systems Neuroscience, University Medical Center Hamburg-Eppendorf (UKE), Hamburg, Germany

Combination of behavioral analysis and neuroimaging with genetics and pharmacology has led to several
important breakthroughs in human fear research in the past few years. The talk will summarize the most significant
advances and present new data in the fields of conditioning and extinction. A particular focus will be on fear and
extinction memory consolidation, based on the assumption that memory consolidation processes are the best
predictors for future fear -related behavior and for long -term remission following exposure -based therapy of
anxiety. Molecular analysis will be integrated with imaging-driven neural network analysis in an effort to sketch a
coherent picture of the neurobiological foundations of fear learning.
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INTRODUCTION TO CLINICAL AND NEUROPATHOLOGICAL
FEATURES OF TEMPORAL LOBE EPILEPSY

Carola Haas!

1University of Freiburg, Experimental Epilepsy Research, Freiburg, Germany

No abstract available
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Possible roles for hippocampal neuron loss and synaptic reorganization
in temporal lobe epileptogenesis

Robert S Sloviter!

1University of Arizona College of Medicine, Department of Pharmacology, 1501 N. Campbell Ave, 85724 Tucson, USA

The mechanisms that cause acquired temporal lobe epilepsy are unknown. Suspected mechanisms include neuron
loss and synaptic reorganization, and a variety of other secondary changes. Determining which abnormalities
precede and could cause spontaneous hippocampal-onset seizures is problematic because commonly-used
chemoconvulsant-based animal models exhibit extreme variability and minimal evidence of hippocampal
epileptogenesis. Continuous monitoring of both behavior and granule cell layer activity in awake rats after
perforant pathway stimulation- induced status epilepticus has recently revealed that granule cells reliably generate
spontaneous field depolarizations, population spikes, and epileptiform discharges in the first days post-injury, prior
to the development of mossy fiber sprouting and other delayed changes, and that initial seizures are focal and
minimally detectable by behavioral observation alone. In addition, every spontaneous behavioral seizure onset is
preceded by spontaneous granule cell population discharges, confirming that these animals reliably exhibit
hippocampal-onset seizures. These findings indicate that the “latent period” between injury and clinical epilepsy is
not a silent, seizure -free, “pre -epileptic” state that awaits the development of an epileptogenic secondary
mechanism. That is, hippocampal epileptogenesis appears to be coincident with initial neuron loss, rather than
delayed secondary processes, and we suggest that hippocampal epileptogenesis that causes focal seizures is a rapid
process distinct from the more complex events that lead to the occurrence of the first clinically obvious generalized
seizure.

We hypothesize that extensive neuron loss in the entorhinal cortex disrupts the functional separation of Layer II
entorhinal “grid cells,” causing abnormal synchronous discharges that invade the dentate gyrus. This, in turn,
produces population spikes and epileptiform discharges in granule cells disinhibited by injury-induced hilar neuron
loss. Long delays between injury and generalized behavioral seizures, when they occur, may involve a “kindling”
process in which initially subclinical focal seizures gradually overcome downstream barriers to seizure spread. In
addition, clustering of spontaneous seizures and the duration of the interictal period, i.e. seizure frequency, could
be powerfully influenced by both the inhibitory effects of mossy fiber sprouting (aberrant innervation of initially
denervated and deactivated inhibitory neurons), and the upregulation of GAD67 and GABA, which seizure activity
produces specifically in granule cells. Clearly, the roles of cell loss, synaptic reorganization, glial abnormalities,
and altered expression of transmitters, receptors, and channels remain to be addressed in animal models that
reliably exhibit confirmed hippocampal -onset seizures. Neuroprotection in the immediate post-injury period, and
prolonged anti-kindling therapy, might be the most effective anti-epileptogenic strategy.
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Excitation-inhibition balance and epilepsy

Andreas Dmguhn1

nstitute of Physiology and Pathophysiology, Neurophysiology, Im Neuenheimer Feld 326, 69120 Heidelberg, Germany

Traditionally, epileptic seizures have often been described as network states arising from an imbalance between
excitation and inhibition within the affected networks. While not entirely untrue, however, this concept does not
give justice to the recent advances in our understanding of synaptic inhibition and its role in normal and
pathological network synchronization.

We will focus on GABAergic signaling in the rodent hippocampus to demonstrate the plethora of mechanisms
involved in excitation-inhibition-balance and synchrony. The neurotransmitter GABA exerts both tonic and phasic
actions on different cell populations in the hippocampus. Recent work indicates that the tonic action of GABA is
most important for setting general excitability levels. Phasic synaptic actions of GABA are major organizers of the
patial and temporal activity flow in hippocampal networks. They control neuronal discharges during aroused states
and, thereby, enhance signal-to-noise-ratio in sparsely coding networks. They also synchronize excitability in large
populations of neurons, setting the frequency of global network oscillations by the time course of synchronous
inhibitory postsynaptic potentials. By selectively inhibiting different input or output pathways of hippocampal
subfields, different inhibitory interneurons can support different network states and control the spread of activity
between different hippocampal and cortical suibfields.

Plasticity of the GABaergic system is of particular importance for ictogenesis and epileptogenesis, i.e. for the
short-term and long -term maladaptive processes leading to recurrent seizures. We will discuss three examples of
such adaptive processes at different time scales: i) GABaergic synapses can change presynaptic transmitter
concentration within seconds following changes in local network activity. Recent work from our and other
laboratories shows that enhanced synaptic activity increases the uptake of GABA and its precursor molecules
glutamate and glutamine. This, in turn, leads to an increase in inhibitory efficacy, providing a negative feedback
loop for overall network activity. ii)) Few episodes of pathologically enhanced network activity in vitro are
sufficient to decrease inhibitory efficacy, probably by shifting the reversal potential of postsynaptic GABA
receptors in depolarizing direction. iii) Finally, chronic seizure activity results in selective loss of interneurons and
changes in synaptic activity of different neuronal subtypes within hippocampal networks, ultimately changing
signal flow and excitation-inhibition balance and neuronal synchrony.

In summary, the microphysiological, cellular and network properties of GABAergic signaling are highly diverse,
complex and plastic. Repeated episodes of enhanced activity tend to induce pathological changes in GABAergic
mechanisms, increasing the probability of further hyper-synchronous network states. On the other hand, enhanced
insight into the molecular, cellular and network mechanisms of inhibition Might open new avenues for therapeutic
interventions.
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Transcriptional up-regulation of the T-type calcium channel CaVv3.2
promotes epileptogenesis

Albert J. Becker!

1University of Bonn Medical Center, Dept. of Neuropathology, Sigmund Freud Str. 25, 53105 Bonn, Germany

Pronounced changes in intrinsic excitability have been observed in the pilocarpine-status epilepticus (SE) model of
temporal lobe epilepsy (TLE), consisting of a conversion of regular firing to burst- firing hippocampal CAl
pyramidal neurons. This conversion likely plays a role in the transition from the interictal to the ictal state in TLE,
because a subset of burst-firing neurons constitutes forerunners of epileptiform events observed in vitro. We have
therefore investigated the cellular mechanisms of aberrant burst firing in detail. We found that the increased
propensity for burst discharges in SE-experienced neurons is mainly due to functional up-regulation of T-type
Ca2+ currents. Real -time RT -PCR experiments showed that the increase in Ca2+ currents is associated with
transcriptional increase of the Cav3.2 but not Cav3.1 or Cav3.3 T-type Ca2+ channel subunits. Analysis of Cav3.2
promoter activation suggests a role for a Zn2+-dependent mechanism. Patch-clamp experiments in SE-
experienced CA1l pyramidal neurons from mice lacking (Cav3.2-/- mice) or having (Cav3.2+/+ mice) Cav3.2
subunits, revealed that Cav3.2 -/- mice do not express an increase in T-type Ca2+ current density, as is found in
Cav3.2+/+ animals. Subsequently, we have analyzed Cav3.2-/- and littermate controls after pilocarpine induced-
SE by telemetric EEG -/video-monitoring. We observed no significant differences in the severity of pilocarpine-
induced SE between Cav3.2 -/- and Cav3.2+/+ mice. The frequency and severity of chronic seizures was
significantly attenuated in chronic epileptic Cav3.2 -/- vs. +/+ mice (n=5 for both groups). Neuropathological
sequelae of SE, such as segmental neuron loss and mossy fiber sprouting, were significantly reduced in Cav3.2-/-
mice. These data indicate thatthe up- regulation of Cav3.2 after SE, and the associated dramatic changes in
discharge behavior promote the initiation of seizure activity and neuronal cell death in chronic epilepsy.

Supported by DFG (SFB TR3, KFO 177), BMBF (NGFNplus EMINET) and BonFor.
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A vascular cause of intractable epilepsies?

Mireille LERNER-NATOLI!, Melanie MORIN!, Valerie RIGAU!, Frederic DE BOCK !, Joel
BOCKAERT!

Institute of Functional Genomics, Dpt Neurobiology, 141 rue de la Cardonille, F-34094 MONTPELLIER, FRANCE

Growing body of evidence supports the notion that BBB disruption contributes directly to epileptogenicity. Indeed,
the extravasation of blood cells promotes inflammatory and immune responses, whereas serum proteins and ions
that accumulate in the parenchyma induce osmotic unbalance, edema, alterations of local blood flow and changes
in glial function. These environmental modifications are known to increase neuronal excitability and toxicity.

In human epileptic tissue (surgically removed from patients with intractable temporal lobe epilepsy) and in rodent
models, we found that BBB degradation was associated with a significant neo-vascularisation. This pathological
angiogenesis was confirmed by the over -expression of VEGF in neurons and astrocytes and of its receptor
VEGFR-2 in endothelial cells. Further investigations carried out on an original in vitro model showed that
epileptiform activity was  sufficient to induce tight junction disassembly and neo -vascularisation via
VEGF/VEGFR-2 activation. We suggest that recurrent seizures promote angiogenic processes in the chronic focus,
keeping BBB permeable, thus reinforcing epileptogenicity.

That is the reason why we postulate that anti-angiogenic strategies, able to protect or repair the BBB, could reduce
epileptogenicity and break the vicious circle of angiogenesis/epileptogenesis.
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Role of neurogenesisin temporal lobe epilepsy

Ute Héiusslerl, Lena Bielefeldl, Ulrich P. Froriep2’3’4, Jakob Wolfart3, Carola A. Haas!+?

! Experimental Epilepsy Research, Dept. of Neurosurgery,University of Freiburg, Freiburg, Germany
2 Bernstein Center F reiburg, Freiburg, Germany
3Dept. of Microsystems Engineering - IMTEK, University of Freiburg, Freiburg, Germany
4Neur0biology and Biophysics, Faculty of Biology, University of Freiburg, Freiburg, Germany
3Cellular Neurophysiology, Dept. of Neurosurgery, University of Freiburg, Freiburg, Germany

The subgranular zone (SGZ) of the dentate gyrus is one of the few brain regions where the formation of new
neurons takes place even in the adult. In particular, status epilepticus has a stimulating effect on neurogenesis in
the SGZ. The role of newly born neurons in the epileptic hippocampus is, however, a matter of ongoing
controversy.

To address this issue, we used the intrahippocampal kainate mouse epilepsy model, which recapitulates the main
features of mesial temporal lobe epilepsy in humans: recurrent focal seizures, granule cell dispersion and selective
cell death in the hippocampus. Following the focal injection of kainate into the hippocampus, we performed multi-
site in vivo local field potential recordings along the septotemporal axis of the kainate -injected and in the
contralateral hippocampus and quantified the strength of status epilepticus (SE) and recurrent epileptiform activity
(EA). In addition, we used bromodeoxyuridine injections to monitor proliferative activity, immunohistochemical
analysis to determine cell fate and patch-clamp recordings to investigate the functional integration of newly born
granule cells after SE.

We show that following kainate injection into the septal hippocampus, SE spread along the septotemporal axis of
both hippocampi, with stronger intensity at temporal and contralateral sites. Similarly, cell proliferation was
strongly increased in the temporal ipsilateral and entire contralateral SGZ, giving rise to immature granule cells,
which functionally integrated into the hippocampal network, as shown by perforant path stimulation. In contrast, in
the septal portion of the KA-injected hippocampus, proliferation was increased in the hilus, but gave rise to glial
cells instead of new neurons. Notably, intrahippocampal recordings at three weeks after injection revealed that the
septotemporal position where strongest EA was measured coincided with the area of transition from lost to
increased neurogenesis. This suggests a pro -epileptogenic effect of neurogenesis and the integration of newborn
neurons, e.g. by alteration of network connectivity.

Supported by the Deutsche Forschungsgemeinschaft (DFG, SFB TR3 and SFB780) and the Federal Ministry of
Education and Research (BMBF grant 01GQ0420).
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| dentification of dendritically-localized mRNAs in hippocampal neurons

Ivan Caj igasl, Tristan Will!, Georgi Tushev!, Giliney Akbalik!, Andreas Strehl!, Erin Schuman!

"'Max Planck Institute for Brain Research, Department of Synaptic Plasticity, Max von Laue Strasse 3, 60438 Frankfurt am Main, Germany

It is clear that de novo protein synthesis has an important function in synaptic transmission and plasticity. A
substantial amount of work has shown that mRNA translation in hippocampal neurons is spatially controlled and
that dendritic protein synthesis is required for different forms of long-term synaptic plasticity. In spite of this, the
populations of mRNAs that are localized to dendrites remain elusive. Recent studies of process-localized
transcripts show little overlap in the mRNAs identified, suggesting that there are many more transcripts to be
discovered. We have undertaken a transcriptomics approach in order to comprehensively characterize the mRNAs
resident in the synaptic neuropil. The results of our analyses will be presented.
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FRAGILE X MENTAL RETARDATION PROTEIN REGULATES
PROTEIN LEVELSIN POSTSYNAPTIC DENSITIES

Stefan Kindlerl, Janin SChﬁttl, Katrin Falleyl, Dietmar Richterz, Hans-Jirgen Kreienkamp1

1University Medical Center Hamburg-Eppendorf, Institute for Human Genetics, Martinistr. 52, 20146 Hamburg, Germany
2University Medical Center Hamburg-Eppendorf, Center for Molecular Neurobiology, Martinistr. 52, 20146 Hamburg, Germany

Functional absence of fragile X mental retardation protein (FMRP) causes the fragile X syndrome (FXS), a
hereditary form of mental retardation characterized by a change in dendritic spine morphology. The RNA-binding
protein FMRP has been implicated in regulating postsynaptic protein synthesis. Here, we have analyzed whether
the abundance of scaffold proteins and neurotransmitter receptor subunits in postsynaptic densities (PSDs) are
altered in the neocortex and hippocampus of FMRP deficient mice. Whereas the levels of several PSD components
are unchanged, concentrations of Shankl and SAPAP scaffold proteins and various glutamate receptor subunits
are altered in both adultand juvenile knockout mice. With the exception of slightly increased hippocampal
SAPAP2 mRNA levels in adult animals, altered postsynaptic protein concentrations do not correlate with similar
changes in total and synaptic levels of corresponding mRNAs. Thus, loss of FMRP in neurons appears to mainly
affect the translation and not the abundance of particular brain transcripts. Semi-quantitative analysis of RNAs
levels in FMRP immunoprecipitates showed that in the mouse brain mRNAs encoding PSD components, such as
Shank1, SAPAP1-3, PSD-95 and the glutamate receptor subunits NR1 and NR2B are associated with FMRP.
Luciferase reporter assays performed in primary cortical neurons from knockout and wild-type mice indicate that
FMRP silences translation of Shankl mRNAs via their 3’ untranslated region. Activation of metabotropic
glutamate receptors relieves translational suppression. As Shankl controls dendritic spine morphology, our data
suggest that dysregulation of Shank1 synthesis may significantly contribute to the abnormal spine development and
function observed in brains of FXS patients.



Gottingen Meeting of the German Neuroscience Society 2011 S 1 3 _ 3

The CPEB-Associated Cytoplasmic Polyadenylation Apparatus
Regulates mMRNA-Specific Trandation in Dendrites and Synaptic
Plasticity

Tsuyoshi Udagawal

1University of Massachusetts Medical School, Molecular Medicine, 373 Plantation Street, 01605 Worcester MA, USA

Translational control of mRNAs in dendrites is essential for specific forms of synaptic plasticity and learning and
memory. The RNA binding protein CPEB regulates local translation of target mRNAs in dendrites. Here we
identify poly(A) polymerase Gld2, deadenylase PARN, and translation inhibitory factor neuroguidin (Ngd) as
components of the polyadenylation apparatus critical to CPEB-dependent translation in dendrites. Synaptic
stimulation promotes CPEB phosphorylation and PARN expulsion, permitting Gld2-dependent polyadenylation
and translation of target mRNAs. shRNA-mediated depletion of Gld2 in vivo attenuates mature synaptic spine
number and protein synthesis -dependent long -term potentiation (LTP) in hippocampal dentate gyrus, whereas
depletion of Ngd increases mature spine number and LTP. Moreover, Gld2 stimulates synthesis of the plasticity
protein NMDA receptor subunit NR2A in dendrites while Ngd inhibits it. These data demonstrate that G1d2 and
Ngd, members of the cytoplasmic polyadenylation apparatus, exert opposing actions on spine morphogenesis, local
translation of NRA and plasticity at hippocampal synapses.
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Putativerolefor CPEB1-mediated mRNA trandation in neurons and
glia

David G. Wells!

yale University, Molecular, Cellular & Developmental Biology, 260 Whitney Ave, 06520 New Haven, USA

Localization of proteins to specific cellular compartments is critical to cell function. Mounting evidence now
suggests that regulation of the transport and translation of mRNA in neurons plays an important role in growth
cone guidance and synaptic plasticity. One mechanism for regulating mRNA translation in neurons is through the
mRNA-binding protein cytoplasmic polyadenylation element binding protein (CPEBI1). We have begun to
examine the role of CPEBI in both neurons and glia. Our initial work in neurons led us to believe that CPEB1
may regulate a cohort of mRNAs involved in cytoskeletal dynamics, ultimately affecting cell shape. I will focus on
recent work showing that CPEB1 regulates cell motility and morphology in astrocytes and neurons, respectively.
In both astrocytes and neurons, 3-catenin mRNA is regulated by CPEB1 but the signaling pathway to activation of
CPEBI1 appears to be distinct. The preponderance of the data supports a role for CPEBI in regulating astrocyte
motility, however, there is evidence that CPEB1 could have multiple roles in astrocytes. The signaling mechanisms
as well as the functional implications of CPEBI-mediated 3-catenin synthesis in both neurons and astrocytes will
be discussed.
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Expression and function of the CPEB2-4 subfamily in astrocytes, NG2
glia and microglia

Martin Theis!

IUniversitit Bonn, Institut fiir Zelluldre Neurowissenschaften, Sigmund-Freud-Str. 25, 53105 Bonn, Germany

Much is already known about the role of CPEBs in neurons, yet the investigation of CPEB expression and
function in glia is just beginning. With expression studies in cultured cells, single cell RT-PCR following
electrophysiological characterization and FACS purification from fluorescently labelled transgenic mice, we have
identified the expression pattern of the CPEB2-4 subfamily in glial subpopulations of the hippocampus. While
microglia and NG2 glia show high transcript levels of CPEBs, we observed lower expression of CPEBs in
astrocytes. What may be the reason for the differential expression in the various glial cell types? One clue came
from studies of the Richter lab, showing that one function of CPEB-1 in cultured fibroblasts is growth control by
preventing translation of small amounts of myc mRNA. NG2 cells indeed express typical astrocytic transcripts
(GLT-1, GLAST, Cx43) but do not express corresponding functional glutamate transporter currents or gap
junction coupling. We hypothesized thatin NG2 cells, CPEBs may prevent the translation of these typical
astrocytic mRNAs. With co-immmunoprecipitation experiments we confirmed Cx43 as a CPEB target. We
previously observed that overexpression of CPEB3 in neurons decreased the basal protein synthesis of the CPEB
targets GluR2 and beta -catenin. We followed a similar approach for astrocytes and overexpressed CPEB3 in
astroglia by way of a GFAP-tTA transgene. Induction of CPEB3 overexpression in adult mice led to a decrease in
Cx43 protein, but not mRNA expression. Cx43 is a major astrocytic gap junction protein, and consistently we
observed decreased interastrocytic tracer coupling and decreased adult neurogenesis known to depend on Cx43
expression in neural stem cells. We follow a similar approach to study CPEB function in microglia by way of an
Ibal-tTA transgene.
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Functional development of hair cell ribbon synapses

Walter Marcotti !

1University of Sheffield, Biomedical Science, Western Bank, S10 2TN Sheffield, United Kingdom

The exquisite temporal acuity of the mammalian auditory organ largely depends on the transfer characteristics of
ribbon synapses in inner hair cells (IHCs), the primary sensory receptors of the mammalian cochlea.

Pre-hearing IHCs (before about postnatal day 12, P12, in most rodents) do not respond to sound but instead
generate spontaneous calcium -dependent action potentials (APs: Marcotti et al. 2003 J. Physiol. 548: 383-400).
Intracellular calcium signalling associated with APs is thought to regulate a variety of cellular responses involved
in the cell’s functional differentiation and/or maturation (Kros et al. 1998 Nature 394: 281-4), as proposed for the
exocytotic machinery (Johnson et al. 2007 J. Physiol. 583: 631-46). Neurotransmitter release from pre- and post-
hearing IHCs is controlled by calcium influx through L-type CaV1.3 calcium channels (Platzer et al. 2000 Cell
102: 89-97), the properties of which vary as a function of age and the cell’s position along the cochlea. Since
IHCs respond differently before and after the onset of hearing and as a function of frequency position, we
investigated how THC voltage responses, calcium channels and synaptic vesicle exocytosis change in order to meet
the cell’s requirements.

Electrophysiological responses from IHCs were studied as a function of postnatal development (from P1 to P69)
and position along the cochlea of altricious rodents. All recordings were performed using acutely dissected
cochleae maintained at 35-37°C in perilymph-like extracellular solution containing 1.3 mM calcium.

We demonstrated that a differential expression of IHC characteristics allows them to be optimal configured to
efficiently process developmental signals during immature stages and sound stimuli in adult animals.

Supported by the The Royal Society, Wellcome Trust, RNID, Deafness Research UK.
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Molecular Physiology of Sound Encoding at the Hair Cell Ribbon
Synapse

Tobias Moser!

1Otolaryngology and Center for Molecular Physiology, Universititsmedizin Gottingen- HNO-Klinik, Goéttingen, Germany

Sound encoding at the synapse between inner hair cells and spiral ganglion neurons in the mammalian cochlea
operates with submillisecond temporal precision, drives neural spiking at hundreds per second over hours and
covers sound pressures that vary by six orders of magnitude. Sound encoding is mediated by specialized synapses:
the hair cell ribbon synapses. When hair cells transduce a sound driven mechanical stimulus into an electrical

signal, voltage-gated Ca®" channels open and the Ca®' influx triggers exocytosis of glutamate filled vesicles at
their ribbon synapses. It becomes evident that the hair cell ribbon synapse employs a molecular machinery that is
highly specialized and in part distinct from that of small CNS synapses. Each of the 5-20 active zones drives
spiking in one spiral ganglion neuron in the absence and presence of acoustic stimulation. High and sustained rates
of synaptic transmission require very efficient means of vesicle cycling. Interfering at any step to the hair cell
vesicle cycle results in auditory dysfunction, be it vesicle docking, priming, fusion or endocytic membrane
retrieval. Moreover, the synapses of one hair cell differ from one each other in structure and function in order to
collectively cover the broad range of sound pressures with the limited dynamic range of encoding at each
individual synapse.



Gottingen Meeting of the German Neuroscience Society 2011 s 1 4_ 3

Synaptic inputs and coincidence detection in nucleus laminaris of the
barn owl

Catherine Emily Carrl, Go Ashidal, Paula Kuokkanenz, Sahil Shahl, Richard Kempterz, Kazuo

Funabiki?, Hermann Wagner4

1University of Maryland, Biology, College Park, USA
2Institute for Theoretical Biology, Humboldt-Universitit zu Berlin, Germany
3Systems Biology, Osaka Bioscience Institut, Japan
Hnstitute for Biology II, RWTH Aachen, Germany

Synaptic mechanisms underlie the computation and representation of interaural time difference (ITD) in the
auditory system. In the barn owl, excitatory inputs, phase locked to frequencies up to 8 kHz, generate ITD
sensitive responses in the neurons of the barn owl's nucleus laminaris (NL). Bilateral excitatory inputs from the
nucleus magnocellularis (NM) converge on NL such that axons from the ipsilateral NM enter NL dorsally, while
contralateral axons enter from the ventral side, forming maps of ITD that are tapped by NL neurons that act as
coincidence detectors. The afferents and their synapses on NL neurons generate an oscillatory, tone induced
evoked potential, or "neurophonic," that varies systematically with position in NL, and can be used to derive maps
of best ITD.

From dorsal to ventral within NL, best ITDs shift from far contralateral space to locations around Ous and into
ipsilateral space. Earlier recordings of the neurophonic in NL suggested that iso-delay contours ran parallel to the
dorsal and ventral borders of NL (Sullivan and Konishi, 1986). This map is orthogonal to that seen in chicken NL,
where a single map of ITD runs from around Ous ITD medially to far contralateral space laterally (Koppl and
Carr, 2008; Joseph and Hyson, 1993). Yet the trajectories of the NM axons are similar in owl and chicken (Young
and Rubel, 1983). We therefore developed analytical techniques to measure delays in barn owl’s neurophonic
response. Clicks were used to measure conduction time, while lesions mark the Ous iso-delay contour in multiple
penetrations along an iso-frequency slab. We found iso-delay contours were not parallel to the borders of NL, but
instead the representation of Ous shifted systematically from dorsal to ventral within an iso-frequency slab. Along
an iso-delay contour, latency increased systematically from medial to lateral in NL, for both ipsi-and contralateral
axons.

The high frequency component (> 3 kHz) of the neurophonic appears to originate from the synaptic input to NL
from NM. Furthermore, the neurophonic exhibits a high amplitude sinusoidal oscillation in response to tonal
stimulation (Kuokkanen et al., 2010). The intracellular recordings from NL neurons also show an oscillation of the
membrane potential at the stimulus frequency (Ashida et al, 2008). This oscillation is thought to originate from
phase-locked inputs from NM fibers and underlies the sensitivity to ITD. However, how presynaptic, synaptic and
postsynaptic properties affect the formation of the oscillatory intracellular potential and the extracellular
neurophonic potential remains unclear. We have therefore used theoretical analyses and modeling of this circuit to
reveal the parameter dependence of the oscillatory membrane potential in NL, in order to understand the synaptic
mechanisms underlying the computation and representation of ITD.
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Tonotopic Refinement of an Inhibitory Auditiory Map

Karl Kandler!
University of Pittsburgh, Otolaryngology, 3501 Fifth Avenue, Rm 10016, PA 15261 Pittsburgh, USA

Before sensory experience can drive neuronal activity in the developing brain, spike activity is often dominated by
spontaneous activity in the form of burst-like patterns. In the auditory system, such pre-hearing burst-like activity
is generated in the cochlea from which it is transmitted to the auditory nerve and central auditory pathways.
Although it is generally assumed that these spontaneous activity patterns guide the maturation of central auditory
circuits, direct evidence for this hypothesis is lacking.

Before hearing onset, the GABA/glycinergic brainstem pathway from the medial nucleus of the trapezoid body
(MNTB) to the lateral superior olive (LSO), undergoes tonotopic refinement by synaptic silencing and
strengthening of maintained connections. After hearing onset, this functional refinement is followed by an
anatomical refinement in the form of axonal pruning.

To investigate whether these refinement processes depend on specific patterns of activity bursts, we characterized
the maturation of MNTB -LSO connectivity in mutant mice lacking expression of the a9 subunit of the
nicotinergic acetylcholine receptor (a9nAchR). These knock-out (KO) mice lack functional cholinergic efferent
transmission to cochlear hair cells, which in turn may modify cochlear activity pattern. Results demonstrate that
the temporal fine -structure of MNTB spontaneous activity before hearing is significantly altered in KO mice
compared to wild-type (WT) mice. Using functional mapping of the MNTB-LSO connectivity before hearing
onset with focal glutamate uncaging, we found that in a9 KO mice the functional refinement of this pathway,
achieved by combined synaptic silencing and strengthening, is significantly impaired. This indicates that the
temporal pattern of pre-hearing spike activity is crucial for the tonotopic refinement of functional MNTB-LSO
connectivity.

As a9 KO mice have normal hearing, we next asked whether deficits in functional refinement before hearing onset
affect axonal pruning occurring after hearing onset. To this end, we used quantitative reconstructions of individual
MNTB axonal terminals in the LSO of developing WT and KO mice. We found normal topographic organization
of MNTB-LSO axonal terminals in the KO mice around hearing onset (P10-P12) indicating that altered pre-
hearing activity does not affect axonal growth and anatomical MNTB-LSO connectivity. However, subsequent
pruning of MNTB axons in KO mice was profoundly impaired despite hearing experience, resulting in decreased
tonotopic precision at P21 in KO mice compared with WT mice.

In summary, our results show that tonotopic refinement of the inhibitory MNTB-LSO pathway involves two
major, distinct steps. Before hearing onset, refinement is governed by synaptic silencing and strengthening without
axonal pruning. This functional refinement requires precise temporal patterns of spontaneous spike activity. After
hearing onset, the MNTB-LSO pathway is refined by axonal pruning, which depends on the presence of preceding
functional refinement. We speculate that spontaneous activity-driven functional MNTB-LSO maps provide the
templates for anatomical pruning after hearing onset.
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Molecular specifications underlying the development and function of
auditory brainstem regions. a global proteomic approach

Eckhard Friauf 1, Bernd KaltwaBerl, Thomas Schulenborgl, Christian Moritz!

! Animal Physiology Group, Department of Biology, University of Kaiserslautern, 67663 Kaiserslautern, Germany

Spatial and temporal differences between anatomically and functionally distinct tissues are reflected by the
dynamic composition of the proteomes. Characterizing those in large scale is a powerful approach that can provide
comprehensive insights into the specific underlying mechanisms. Today, proteomics enables the identification and
relative quantification of differences of hundreds of proteins from minute amounts of tissues. This allows the
exhaustive comparison of small tissues and the analysis of ontogenetic changes. In order to assess similarities, as
well as differences, between anatomically and functionally distinct regions in the central auditory system, we have
analyzed the protein profile of three prominent centers of the rat auditory brainstem, the cochlear nuclear complex
(CN), the superior olivary complex (SOC), and the inferior colliculus (IC). The protein repertoires of these three
centers were further compared to the protein repertoire of the rest of the brain (subsequently called “Rest”). By
employing 2D-DIGE and MALDI-MS, we analyzed the subproteome of cytosolic proteins. We found 644 protein
spots in a total of 1,864, which displayed significant level differences between any of the regions. When
comparing the CN with the SOC, only 36 spots (2%) showed significant differences, indicating a great similarity
between the two regions. On the other hand, the greatest difference occurred in the comparisons CN vs. Brain
(24%) and SOC vs. Brain (23%). Interestingly, the IC, a major hub in the auditory brainstem, was closer to the
Rest (5%) than to the IC and CN (10%). Details of the study are on a poster by Moritz et al.

In a second series of experiments, we analyzed temporal dynamics within the auditory brainstem: ontogenetic
changes in the proteome of the SOC and the IC were identified and quantified by comparing an immature state
(postnatal day [P] 4) with a mature state (P60). Because hearing ability begins at about P12 in rats, the approach
represents a proteomic comparison of a hearing system with a non- hearing system. Like in the above study, the
cytosolic proteins were assessed using DIGE and MALDI-MS. However, the data for the IC was complemented
by an analysis of the plasma membrane proteomes. Enriched plasma membrane fractions were obtained and
characterized by the gel-free mass spectrometric 1TRAQ-method (isobaric tags for relative and absolute
quantification). The DIGE analysis yielded >800 proteins, of which 12% were differentially regulated. iTRAQ
yielded 105 proteins, of which 57% were significantly up- or down-regulated. Our results show that the same
functional pathways underlie temporal dynamics within the SOC and IC. Thus we conclude that very similar
maturation processes occur in both centers. The identified ontogenetically relevant proteins reflect enzymes of
energy metabolism as well as regulators and components of the cytoskeleton. Proteins of transmitter metabolism as
well as transmitter transport were up-regulated with age. The findings were confirmed by immunohistochemistry,
western blots, and metabolic assays.

Our study represents the first global proteomic analysis in the central mammalian auditory system and provides in-
depth information about spatial and temporal differences between the protein profiles of three auditory centers.
Profiles, region-typical proteins, and characteristic changes from the period of circuit refinement to the mature
system will be addressed in detail during the talk.
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Monitoring activity-driven changes in the (phospho)proteome of plasma
membrane proteinsin the auditory brainstem

Jens Schindler!, Maren Weber!, Juanying Ye?2, Ole Norregaard J ensen?, Hans Gerd Nothwang1

1University of Oldenburg, Neurogenetics Group, Carl-von-Ossietzky-Str. 9-11, 26129 Oldenburg, Germany
2University of Southern Denmark, Protein Research Group, Campusvej 55, 5230 Odense M, Denmark

Processing of acoustic information in the central auditory pathway requires an exquisite set of proteins. In
addition, the activity of these proteins has to be fine tuned to cope with the different demands in auditory neurons
such as processing of low or high frequency acoustic information. This modulation has often to occur in a rapid
and reversible manner to adjust to the ever-changing acoustic environment. These considerations point to
phosphorylation/dephosphorylation as key events in the regulation of proteins in the auditory system. Yet, little is
known about the phosphoproteome of auditory neurons and dynamic changes therein.

Plasma membrane proteins are key players for the transmission and processing of auditory information. To gain
insight in their (dynamic) phosphorylation pattern in the auditory pathway, we first developed a strategy to identify
phosphopeptides of plasma membrane proteins from small tissue samples. The strategy combines techniques for
the efficient and comprehensive enrichment of plasma membranes and phosphopeptides as well as high-end mass
spectrometric analyses. Starting with 50 mg of brain tissue, we were able to identify ~1000 different
phosphorylation sites on ~ 500 different proteins. ~ 40% of these proteins were allocated to the plasma membrane.
Subsequent analysis of the inferior colliculus and the superior olivary complex identified various proteins such as
the hyperpolarization -activated cyclic nucleotide -gated channel HCN2 with 7 different phosphorylation sites, the
metabotropic glutamate receptor mGIluR5 with 3 different phosphorylation sites, and various voltage gated
potassium channels, each with multiple phosphorylation sites.

Currently, we use this strategy in a differential proteomic approach to identify activity-induced changes in the
(phospho)proteome. To this end, we perform a comparative analysis of auditory processing centers from wildtype
mice and three different deafness models. This quantitative analysis will provide important information on
activity-driven changes in the protein repertoire and its phosphorylation pattern in the auditory pathway.
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PHOTORECEPTION AND PHOTORECEPTOR CELL BIOLOGY

Uwe Wolfrum!

1Johannes Gutenberg University of Mainz, Cell and Matrix Biology, Institute of Zoology, Mainz, Germany

No abstract available
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Box jellyfish photoreception and photoreceptor evolution

Zbynek Kozmik!

nstitute of Molecular Genetics, Department of Transcriptional Regulation, Videnska 1083, 14220 Praha 4, Czech Republic

Animal eyes can vary in complexity ranging from a single photoreceptor cell shaded by a pigment cell to elaborate
arrays of these basic units, which allow image formation in compound eyes of insects or camera-type eyes of
vertebrates. The evolution of the eye requires involvement of several distinct components — photoreceptors,
screening pigment and genes orchestrating their proper temporal and spatial organization. Analysis of particular
genetic and biochemical components shows that many evolutionary processes have participated in eye evolution.
Cnidaria as the likely sister group to the Bilateria are the earliest branching phylum with a well-developed visual
system. Remarkably, camera-type eyes of the Cubozoan jellyfish, Tripedalia cystophora, use genetic building
blocks typical of vertebrate eyes, namely a ciliary -like phototransduction cascade and melanogenic pathway. Our
findings indicative of parallelism provide a new insight into eye evolution. Combined, the available data favor the
possibility that vertebrate and cubozoan eyes arose by independent recruitment of orthologous genes during
evolution.
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The TRP ion channels of Drosophila photor eceptors

Armin Huber!

1University of Hohenheim, Department of Biosensorics, Garbenstr. 30, 70599 Stuttgart, Germany

The visual transduction cascade operating in Drosophila photoreceptor cells is a G-protein mediated signalling
pathway that terminates in the opening of two cation channels, TRP (transient receptor potential) and TRPL (TRP-
like). The Drosophila TRP channels are the founding members of a large family of ion channels that serve as
sensors and transducers of environmental stimuli and also as regulators of ion homeostasis in neuronal and
epithelial cells. More than 50 members of the TRP ion channel family have been isolated from C. elegans,
Drosophila, mouse and men. In general, the functional characteristics of a neuron depend largely on the set of ion
channels present in the plasma membrane. In fly photoreceptor cells the equipment of the photoreceptive
membrane, that forms the rhabdomere, with TRP and TRPL changes when the flies are kept in different light
conditions. This is because the TRPL channel translocates from the rhabdomere to the cell body when the flies are
switched from a dark environment into the light. Therefore, in the dark TRPL and TRP are located in the
rhabdomere and function in phototransduction whereas in the light TRPL is outside the rhabdomeres and TRP
alone mediates the visual response.

I will present our studies on the mechanisms underlying light-dependent subcellular TRPL translocation. We used
transgenic flies expressing eGFP-tagged TRPL and immunocytochemistry to determine the localization of the ion
channel in intact eyes or in sections through the eyes of Drosophila wild type flies and mutants. We found that

triggering the translocation of TRPL requires activation of the complete phototransduction cascade and Ca?*-
influx through TRP channels. Upon illumination TRPL is first transported to the base of the rhabdomeres and to
the apical membrane adjacent to the rhabdomeres, and then is internalized into an intracellular storage

compartment. The internalization of TRPL is mediated by a vesicular transport pathway which is also used for the
internalization of rhodopsin and it requires specific Rab proteins. Massive rhodopsin internalization negatively
affects TRPL internalization suggesting that there may be a competition between rhodopsin and TRPL for a
limiting factor required for this process. Moreover, we have performed a genetic screen for novel genes involved
in TRPL translocation using eGFP-tagged TRPL. First results of this screen will be presented. In conclusion, the
TRP channels of Drosophila photoreceptors represent a powerful model system for studying the cell biological
mechanisms of regulated, long-term alterations in the equipment of a neuron with specific ion channels.

Supported by Deutsche Forschungsgemeinschaft, Hu839/2-5
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Compar ative analysis of mammalian photor eceptor arrangements

Leo Peichl!

'Max Planck Institute for Brain Research, Comparative Retinal Anatomy, Deutschordenstr. 46, 60528 Frankfurt/M., Germany

All mammalian retinae contain rod photoreceptors for lowlight (night) vision and cone photoreceptors for daylight
and colour vision. Most mammals have ‘dichromatic’ colour vision, based on two spectral cone types containing a
middle-to-longwave-sensitive (commonly green-sensitive) L opsin and a shortwave-sensitive (commonly blue-
sensitive) S opsin, respectively. However, superimposed on this basic similarity there are remarkable quantitative
and qualitative differences between species. Rod:cone ratios vary strongly and are loosely correlated with the
activity pattern of the species, from ~1:100 in very nocturnal mammals to 1-3:10 in most diurnal mammals and
~10:1 in a few diurnal species (e.g., ground squirrels and tree shrew). Against expectation, subterranean mammals
have comparatively low rod densities and high cone proportions (~1:10). The proportions of L and S cones and
their topographies also vary considerably. They range from a conventional 10% proportion of S cones across the
retina to a dominant or even exclusive expression of S cone opsin in the ventral retina of some species. In some
mammals, e.g. some rodents, bats and insectivores, the S cones are UV- rather than blue-sensitive. Obviously
most mammals, including nocturnal and subterranean ones, have the retinal prerequisites for colour vision, but
their colour vision characteristics differ considerably. Whales and seals have no S cones at all, they are L cone
monochromats and presumably colour-blind. It is widely assumed that the above variations represent adaptations
to specific visual needs associated with particular habitats and lifestyles. However, in many cases we have not yet
identified the adaptive value of a given photoreceptor arrangement (review: Peichl, Anat. Rec. Part A 287A: 1001-
1012, 2005).

A particular “new light” was recently shed on rod properties: We found a unique ‘inverted’ nuclear architecture in
the rods of nocturnal mammals, whereas the rods of diurnal mammals have the conventional nuclear architecture
present in nearly all other eukariotic cells (Solovei et al., Cell 137: 356-368, 2009). In the ‘inverted’ rod nuclei, the
inactive heterochromatin localizes in the nuclear centre, whereas the active euchromatin lines the nuclear border.
This appears cell-biologically disadvantageous, so we suspected a role in vision. We could show that the inverted
nuclei with the optically denser heterochromatin in their centre act as collecting lenses, and our computer
simulations indicate that columns of such nuclei channel light effectively through the outer nuclear layer (ONL).
The retinae of nocturnal mammals have a higher rod density for improved night vision and hence a thicker ONL,
which on the other hand would lead to increased light scatter so that fewer of the precious photons reach the outer
segments. Light-guiding by the inverted rod nuclei seems a suitable evolutionary solution to this dilemma. The
retinae of diurnal mammals have a thinner ONL and operate at higher light levels, so their rods can have the
conventional nuclear architecture.
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Differentiation of photoreceptor cellsfrom retinal stem cells

Yvan Arsenij evic!

1 Jules-Gonin Eye Hospital, University of Lausanne, Unit of Gene Therapy & Stem Cell Biology, 15, av. de France, 1004 Lausanne,
Switzerland

Within the last few years, several reports have revealed that cell transplantation can be an effective way to replace
lost neurons in the central nervous system (CNS) of patients affected with neurodegenerative diseases. Concerning
the retina, the concept that newborn photoreceptors can integrate the retina and restore some visual functions was
univocally demonstrated recently in the mouse eye (MacLaren et al. 2006) and remains to be achieved in human.
These results pave the way to a standard approach in regenerative medicine aiming to replace lost photoreceptors.
With the discovery of stem cells a great hope has appeared towards elaborating protocols to generate adequate
cells to restore visual function in different retinal degeneration processes. Retinal stem cells (RSCs) and
embryonic stem cells are good candidates to generate photoreceptors. To achieve a large production of
photoreceptors, researchers aim to mimic crucial stage of eye field commitment, retina fate acquisition and
photoreceptor differentiation. Knowledge about photoreceptor differentiation during retinogenesis will be discussed
in view of the protocols applied to stem cells to generate retinal cells. A particular attention will be focused on the

radial glia population which was poorly studied in the retina and on the importance of the Notch pathway to
generate cones.
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The making and breaking of the photor eceptor ribbon synapse

Johann Helmut Brandstitter!

1University of Erlangen-Nuremberg, Department of Biology, Animal Physiology, Staudtstr. 5, 91058 Erlangen, Germany

The photoreceptor ribbon synapses, the first station in signal transfer in the visual system, belong to the most
efficient and complex chemical synapses in the CNS. They are designed to transmit light signals over a dynamic
range of several orders of magnitude in intensity and to dynamically regulate transmitter release in response to
changes in stimulus intensity. The characteristic hallmark of photoreceptor ribbon synapses is an electron-dense
presynaptic organelle that tethers arrays of synaptic vesicles at the site of transmitter release.

Functional defects at the photoreceptor ribbon synapses — so -called synaptopathies — can impair seeing ability up
to total blindness. Despite their central role in visual signal transfer little is known about the molecular structure
and function of the photoreceptor ribbon synapses. From our studies, e.g. on mouse mutants with loss-of-function
mutations in key presynaptic proteins, we expect to gain a detailed molecular understanding of photoreceptor
ribbon synaptic function — the basis for a better understanding of the physiology and pathophysiology of this
unique synapse.

Work supported by grants from the DFG.
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Photor eceptor cell death mechanisms. Apoptosis, Necrosis, or What?

Francois Paquet-Durand1

1University of Tiibingen, Institute for Ophthalmic Research, Cell Death Mechanisms Group, Rontgenweg 11, 72076 Tiibingen, Germany1

Photoreceptor degeneration is the hallmark feature of a genetically heterogeneous group of inherited blinding
diseases, collectively termed Retinitis Pigmentosa (RP). Even though the genetic causes are relatively well
established, RP is at present untreatable, creating an urgent need for novel therapeutic approaches. A prerequisite
for the development of a therapy is, however, a thorough understanding of the underlying neurodegenerative
mechanisms. In the past, photoreceptor cell death has often been referred to as an apoptotic process, although the
causal metabolic pathways are in fact still only poorly understood. More recently, it has become increasingly clear
that in animal models for RP few, if any, of the processes characteristic for apoptosis are active. Instead, aberrant
and excessive cGMP -signalling seems to play a preeminent role, leading to activation of a number of metabolic
processes that eventually kill photoreceptors. This is particularly true for one of the most studied RP animal
models, the human homologous rdl mouse, which is characterized by mutation-induced dysfunction of
phosphodiesterase-6 and consequent accumulation of cGMP in photoreceptors.

The analysis of cGMP-induced neurodegenerative processes necessitates methods that allow for cellular resolution,
since in complex neuronal tissues, such as the retina, changes that affect only a small subset of cells at any given
time are likely to gounnoticed if a tissue based analysis method is used. Using custom developed in situ
biochemical assays and immunodetection methods, we could show that changes in enzymatic activity in individual
cells were often dramatic while corresponding alterations in gene or protein expression were not noticeable.

The presentation will aim at providing a comprehensive mechanistic view of the neurodegenerative pathways
governing photoreceptor cell death. Activation of cGMP-dependent protein kinase G (PKG) and cyclic nucleotide
gated (CNG) channels — the two main cGMP targets in photoreceptors — are likely to be early events in cGMP-
induced cell death. At later stages in the degenerative process, epigenetic processes such as enzymatic activity of
histone deacetylase (HDAC) and poly-ADP-ribose polymerase (PARP) appear to play a major role. Interestingly,
the two corresponding post-translational protein modifications — acetylation and poly-ADP-ribosylation — appear
to be mutually exclusive, with healthy photoreceptors showing a high degree of protein acetylation and very low
poly-ADP-ribosylation while degenerating photoreceptors show low acetylation but high poly-ADP-ribosylation.
Eventually, PARP activity, together with calcium-activated calpain type proteases, seems to precipitate the
execution of cell death.

Strikingly, none of these metabolic activities are normally associated with apoptosis, suggesting the presence and
activity of one (or more) alternative, non-apoptotic cell death pathways in photoreceptors. Improved knowledge on
these mechanisms may allow for the development of novel approaches for currently untreatable blinding diseases.
Since the retina is an integral part of the central nervous system, many of the characteristics of photoreceptor cell
death may be relevant for neurodegenerative diseases in general.
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Cell type-specificity of thalamic input to inhibitory interneuronsin the
mouse barrel cortex in vitro

Jochen Staigerl, Vivian Dambeckl, Martin Mock !

ICenter Anatomy, Department Neuroanatomy, Kreuzbergring 36, 37075 Gottingen, Germany

Inhibitory GABAergic interneurons of the neocortex offer a large diversity of cell types which can be
differentiated on the basis of their molecular, electrophysiological and morphological properties. A consensus was
reached that parvalbumin, somatostatin and vasoactive intestinal polypeptide (VIP) are suitable markers for three
well-characterized and non- overlapping types, i.e. basket cells, Martinotti cells and bipolar -bitufted cells,
respectively. We took advantage of the novel availability of a BAC-transgenic mouse where eGFP is expressed
under the control of the VIP promoter. Double immunocytochemistry revealed that virtually all eGFP-expressing
neurons are positive for VIP. We have observed that most of the bipolar-bitufted eGFP expressing cells are located
in layers II/IIl, whereas a variety of GFP positive multipolar neurons are distributed across all layers of the barrel
cortex. To test whether there is a layer- and/or cell type-specificity of thalamic inputs to the VIP neurons, we cut
thalamocortical slices and applied electrical stimulation to the ventrobasal nucleus while performing whole cell
recordings in the barrel cortex. We found three different responses: (i) no EPSPs in ca. 74%, (ii) monosynaptic and
strong EPSPs in 10% and (iii) di - (or oligo-) synaptic and weak EPSPs in 16% of the recorded VIP neurons. In
monosynaptically innervated VIP neurons short- term plasticity protocols showed depression for all studied
frequencies. We conclude that only a specific subpopulation of VIP neurons is directly innervated by the lemniscal
thalamic pathway and thus has the capability of imposing early feedforward inhibition on their still unknown
target cells.

Supported by DFG (Sta 431/8-1)
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Dendritic target region specificity of excitatory synaptic connections
from layer 4 to layer 6A in rat barrel cortex

Dirk Feldmeyerl, Guanxiao Qil

IRWTH Aachen University and Research Centre Jiilich, Dept of Psychiatry and Psychotherapy, Function of Cortical Microcircuits Group,
Pauwelstrasse 30, 52074 Aachen, Germany

In the barrel cortex, the major cortical input (thalamo-recipient) layers are layer 4 (L4) and to a lesser degree
layers Sand 6 (in particular sub -lamina 5B and 6A) which receive thalamo -cortical afferents from the
ventroposterior (VPM) nucleus of the somatosensory thalamus. The somatosensory thalamus is in turn innervated
by neocortical layer SA and 6. Therefore, excitatory neurons in cortical layer 4 and 6A and the thalamus form a
thalamo-cortico-thalamic feedback loop that may control thalamic activity.

The aim of our study was to investigate synaptic interactions between excitatory neurons in the main thalamo-
recipient layers. In order to characterise the properties of both pre- and postsynaptic neurons dual whole-cell patch
clamp recordings with simultaneous biocytin fillings were used.

We identified monosynaptic L4-to-L6A connections which were of an intermediate reliability and a relatively low
efficacy. The EPSP amplitude was either depressing or weakly facilitating during repetitive presynaptic action
potentials. We were able to identify three different types of excitatory synaptic connections: When the presynaptic
neuron was a spiny stellate cell, the unitary EPSP rise time and latency was long (6.7+2.1 ms and 3.8+1.6 ms,
respectively). Synaptic contacts established by these neurons were found only apical dendritic tufts of the
postsynaptic LOA pyramidal neurons at an average somatic distance of 590+£141 um. Connections with presynaptic
star pyramidal neurons in the centre of the barrel had markedly shorter rise times latency (1.5+0.9 ms and 1.7£0.2
ms, respectively) and synaptic contacts were on basal dendrites or proximal apical oblique dendrites located in
layer 5B and 6A (mean somatic distance: 86+54 pm). A smaller subpopulation of presynaptic star pyramidal cells
close to the border of a barrel column exhibited slower had also slow EPSPs of long latency (5.4+1.7 ms and
2.9£1.4 ms, respectively). This subpopulation of L4 neurons made also contacts on the apical dendrite with at a
mean distance of 524£166 um.

This data indicates that excitatory L4-to-L6A neuron connections show a subcellular target region specificity and
did not connect to all target dendrites within the reach of their axon. Spiny stellate axons innervate only distal
apical tufts of L6A pyramidal cells while the majority of star pyramid axons contact the proximal dendritic
branches. This suggests that both L4 cell types perform different computational tasks in the barrel column
microcircuitry.
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Functional imaging of neuronal populationsin barrel cortex using a
genetically-encoded calcium indicator

Fritjof Helmchenl, Henry Lﬁtckel, Kristina Schulzl, Maz Hasanz, Sebastian Kl'iglelr3 , David
Malrgolis1

IBrain Research Institute, Dept. of Neurophysiology, Winterthurerstrasse 190, 8057 Zurich, Switzerland
2MPI for Medical Research, Heidelberg, Germany

3 University of Gottingen Medical School, Géttingen, Germany

Recent progress in the expression and performance of genetically encoded calcium indicators (GECIs) now makes
it feasible to functionally probe neuronal populations repeatedly and over long time periods. We have used viral
expression of Yellow cameleon (YC) 3.60 in supragranular layers of mouse barrel cortex to examine neuronal
population dynamics. Using a chronic glass window above the injected cortex area we investigated if and to what
extent spontaneous and sensory-evoked neural dynamics in anesthetized mice remain stable over the period of
days to weeks. We in addition performed whisker-trimming experiments to assess in how far the characteristics of
local neural dynamics changes after such a deprivation protocol. Moreover, we compared neocortical neural
dynamics during different behavioral states in awake mice adapted to head-fixation and assessed whether the
observed differences are preserved in repeated imaging sessions over several days. In the majority of active L.2/3
neurons we found a higher occurrence of calcium transients during non-whisking compared to whisking epochs;
repeated imaging of the same neurons over several days showed stability of this effect. These types of experiments
should help to further probe stable and variable aspects of network activity on an extended time scale.
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Cortical Processing during Behaviour

James Poulet!

'Max-Delbriick-Centrum fiir Molekulare Medizin (MDC), Depertment of Neuroscience, Robert-Rdssle-Str. 10, 13092 Berlin, Germany

Internal brain states form key determinants for sensory perception, sensorimotor coordination and learning. A
prominent reflection of different brain states in the mammalian central nervous system are the distinct patterns of
cortical oscillations and synchrony, as revealed by extracellular recordings of the electroencephalogram, local field
potential and action potentials. Such temporal correlations of cortical activity are thought to be fundamental
mechanisms of neuronal computation.

In this talk T will present data using single and dual whole-cell recordings from primary somatosensory barrel
cortex in mice performing whisker behaviour to examine the cellular correlates of cortical state change. Our
recordings reveal that the membrane potential of nearby neurons undergo slow large amplitude fluctuations that are
highly correlated during quiet wakefulness, but when the mouse is whisking, cortical neurons depolarise and
undergo a state change that reduces the membrane potential fluctuations as well as the correlation between nearby
neurons, resulting in a desynchronised local field potential and electroencephalogram.

I will go onto discuss recent experiments examining the network mechanisms underlying the change in cortical
state during whisker movements. Cortical state change persists after cutting the primary sensory nerve from the
whisker pad and therefore is generated internally, within the CNS. Juxtacellular recordings from thalamic neurons
during whisker movements reveal an increase in thalamic spiking activity during whisker movements. Inactivation
of thalamus, by thalamic injection of muscimol, increases cortical slow fluctuations during quiet periods. During
active periods, when the mouse is whisking, cortical neurons become hyperpolarised during whisking, in contrast
to the depolarised state during whisking under control conditions, and the slow fluctuations disappear. The
thalamus is therefore responsible for one key aspect of the cortical state change - it appears to provide the tonic
depolarising input during whisking.
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Membrane potential dynamics of GABAergic neuronsin the mouse
barrel cortex during behaviour

Carl Petersen !

Ecole Polytechnique Federale de Lausanne (EPFL), Laboratory of Sensory Processing, SV-BMI-LSENS, Station 19, CH1015 Lausanne,
Switzerland

The neocortex is composed of an intricate neuronal network of synaptically coupled excitatory glutamatergic
neurons and inhibitory GABAergic neurons. Through whole-cell membrane potential recordings from different
classes of layer 2/3 neurons in the barrel cortex of awake mice, we are beginning to understand their differential
contributions to neocortical network function. We find that different types of GABAergic neurons are active
during different behavioral states and they respond differentially to sensory stimulation.
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Sensorimotor cortex activity in ratsrelated to whisking

Cornelius Schwarz!, Todor V Gerdjikovz, Olga Rodriguez—Sierra3, Waiblinger Christian!, Haiss
Florent*

Hertie Institute for Clinical Brain Research, Systems Neurophysiology, O. Miiller Str. 27, 72076 Tiibingen, Germany24School of
Psychology, University of Leicester, Leicester, UK3School for Neural and Behavioral Sciences, Eberhard Karls University Tiibingen,

Germany4Institute of Pharmacology & Toxicology, University of Ziirich, Ziirich, Switzerland

Perception is an active process as sensory signals are modulated by ‘top -down’ processes on all levels of neural
processing. The model system we employ for this purpose is active whisking behavior in rats and the underlying
sensorimotor signals in primary somatosensory (‘barrel’) and primary motor cortices. Similar to humans and other
primates, which use rhythmic movements of fingertips, rats discriminate texture and form of objects by
rhythmically sweeping their vibrissae over it.

Dissecting a sensorimotor behavior (‘active touch’) into its sensory (‘passive touch’) and motor parts (‘movement
alone’) and recording multielectrode signals in barrel cortex we were able to show that a central, movement-
dependent signal switches the characteristics of tactile processing in barrel cortex. We investigated whether the
modulatory signals originate in a sub-region of the vibrissae motor cortex, which we called RW for rhythmic
whisking. Continuous, high frequency stimulation (60 Hz) in this area evokes rhythmic vibrissa movements at 5-10
Hz that are virtually indistinguishable from the ones self-initiated by the individual. Spike recordings from RW
show that most of these neurons do not contribute to movement initiation; rather they become active after the start
of the whisker movement and are not modulated in a correlated way with detailed whisking kinematics. We
currently test the effects of RW stimulation on sensory processing in the barrel cortex.
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Evolutionary Convergence and Divergence in the Nonapeptide
M echanisms of Grouping and Monogamy

James L. Goodson!

!Indiana University, Department of Biology, 1001 East Third St., 47405 Bloomington, IN, USA

As evidenced by their phylogenetic distributions, components of social organization change vary rapidly over
evolutionary time, and thus behavioral variables such as mating system and grouping (“sociality”) are prone to
repeated divergence and convergence. Given this, plus the complexity of relevant neural mechanisms, we cannot
assume that convergence in social structure has been produced by convergent modifications to the same neural
characters. However, using five estrildid finch species that differ selectively in their species-typical group sizes (all
biparental and monogamous) we have demonstrated that neural motivational systems evolve in predictable ways in
relation to sociality. These systems include nonapeptide circuits that encode social valence (positive-negative) and
dopamine circuits that encode “incentive value” and drive appetitive social behaviors. Nonapeptide and dopamine
systems exhibit functional and anatomical properties that are biased towards gregarious species, and experimental
reductions of nonapeptide signaling by antisense oligonucleotides and receptor antagonism significantly decrease
preferred group sizes in the gregarious zebra finch. Combined, these findings suggest that selection on species-
typical group size may reliably target the same neural motivation systems when a given social structure evolves
independently. Selection for monogamy also presents an important topic for mechanistic studies, given that the
neural regulation of pair bonding has been outlined for only a single species, the prairie vole, in which endogenous
vasopressin promotes bonding in males and endogenous oxytocin promotes pair bonding in females. In order to
see whether similar mechanisms may have evolved in monogamous finches, we recently conducted two
experiments in which zebra finches were observed twice daily for the first three days after colony formation while
we twice daily infused either a vasopressin Vla antagonist (males only), an oxytocin receptor antagonist (both
sexes), or vehicle into the lateral ventricle. Colony observations allow the scoring of bonding in a naturalistic
group environment and the quantification of more than 20 other behaviors. Although males receiving a Vla
antagonist showed no impairment in mate acquisition, birds of both sexes showed a dramatic and selective
impairment in bonding when treated with the oxytocin antagonist. Thus, although nonapeptide mechanisms of
bonding vary somewhat between voles and finches, the similarities are still quite striking and suggest that, as with
grouping, evolution in mating system is reliably associated with functional modifications to nonapeptide sytems.
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Link between complex social behaviours and anxiety: | nvolvement of
the pro-social neur opeptides oxytocin and vasopressin

Inga D Neumann!

University of Regensburg, Dept of Neurobiology, 93053 Regensburg, Germany

Brain neuropeptides represent viable novel research candidates for the development of effective treatment
strategies of affective and stress -related disorders, which are often accompanied by social dys-functions. The
neuropeptides oxytocin and vasopressin are significantly involved in the regulation of complex social behaviours
such as maternal behaviour, mother-child bonding, pair-bonding, social recognition, but also of fine-tuned
emotional and neuroendocrine stress responsivenessl. These diverse functions may explain the link between
altered emotionality (anxiety, aggression) and differences in social behaviours/social dys-regulation often seen in
psychiatric patients.

Here, 1 will present data demonstrating differences in social behaviours, such as maternal care and aggression,
intermale aggression and social preference, of rats with extremes in innate anxiety, i.e. in high (HAB) and low
(LAB) anxiety-related behaviour rats 1 . Altered gene activity, local release patterns within limbic or hypothalamic
target regions or respective receptor binding of oxytocin and/or vasopressin may help to explain the behavioural
differences. In support, early life stress (maternal separation) induces not only elevated levels of anxiety- and
depression-related behaviours, but also changes in social behaviours such as intermale aggression2 or social
recognition3 providing further evidence for the link between emotionality and social behaviours accompanied by
significant alterations in release patterns of brain vasopressin..

With respect to the neuronal actions of oxytocin, we could recently show that its acute anxiolytic effects within the
hypothalamic paraventricular nucleus are mediated via the extracellular signal -regulated kinase 1/2 (ERK1/2)
cascade; local blockade of this signaling pathway prevented the local oxytocin-induced anxiolysis2. Our findings
support the hypothesis that the capacity of oxytocin and vasopressin to modulate complex social behaviours is
likely to be directly or indirectly linked to the regulation of fear, anxiety and hormonal stress responses.

This research was supported by the Deutsche Forschungsstiftung and BMBF.

1 Bosch OJ, Neumann ID (2008). Proc Natl Acad Sci USA 105:17139-144.

Neumann ID, Veenema AH, Beiderbeck DI (2010) Front Behav Neurosci Mar 30

2 Veenema AH, Blume A, Niederle D, Buwalda B, Neumann ID (2006). Eur. J. Neurosci. 24(6):1711.

3 Lukas M, Veenema A, Neumann ID. 2009. SFN Chicago.

Lukas M, Bredewold R, Neumann ID, Veenema AH. 2009. Neuropharmacology
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The monogamous male brain - neurochemical regulation of social
bonding

Zuoxin Wang1

IFlorida State University, Psychology/Neuroscience, 1107 West Call Street, FL 32306 Tallahassee, USA

Prairie voles (Microtus ochrogaster) are socially monogamous rodents that form pair bonds after mating. In an
early study in male prairie voles, we found that activation of dopamine (DA) D2 receptors (D2R), but not D1
receptors (D1R), in the nucleus accumbens (NAcc) facilitated pair bond formation. Pair-bonded males showed a
significant up- regulation in NAcc DIR and displayed aggression selectively towards unfamiliar conspecifics.
Furthermore, blockade of DIR in the NAcc abolished this aggression. These data suggest that NAcc DA regulates
pair bonding in a receptor- and behavior-specific manner. In a recent study, we found that amphetamine (AMPH)
is rewarding to prairie voles, as a 3- day AMPH conditioning paradigm induced conditioned place preference
(CPP). This behavior was mediated by NAcc DIR. We also demonstrated that AMPH conditioning, at the doses
effective to induce CPP, inhibited mating-induced pair bonding and enhanced D1R, but not D2R, in the NAcc. In
addition, blockade of NAcc DIR rescued mating -induced pair bonding in AMPH -treated male voles. Together,
our data indicate that NAcc DA mediates social bonding and AMPH reward in a receptor-specific manner, and
repeated AMPH exposure results in the impairment of pair bonding via a D1R-mediated mechanism in the NAcc.
(Supported by NIH grants DARO1-19627, DAK02-23048 and MHR01-58616).
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Processing of social cuesin the olfactory bulb by vasopressin

Mike Ludwig1

1University of Edinburgh, Centre for Integrative Physiology, George Square, EH§9XD Edinburgh, United Kingdom

The neuropeptide vasopressin is now known to be released in the brain where it plays important roles in social
behaviours. We have shown that the rat olfactory bulb (OB) and the anterior olfactory nucleus (AON) contain
large populations of interneurones which express and release vasopressin. In the OB, single cell recordings from
mitral cells in vivo showed that vasopressin modulates the processing of information by olfactory bulb neurones.
Blocking the actions of vasopressin in the OB impairs the social recognition abilities of rats. The treatments
impaired habituation/dishabituation to juvenile cues, but not to volatile odours or object recognition, and did not
affect locomotor activity or anxiety -related behaviours. Adult rats exposed to a conspecific juvenile showed
increased Egr-1 expression in vasopressin neurones in multiple subdivisions of AON as compared to animals
exposed to no odour or a non-social odour. These data suggest that vasopressin neurones in the AON may also
play an important role in the coding of social odour information. The findings indicate that the vasopressin process
olfactory signals relevant to social discrimination and vasopressin release may be involved in filtering out familiar
signals.
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Effects of Oxytocin on the Social Brain in Asperger Autism

Sabine C. Herpertzl, Ekkehardt Kumbier?, Gregor Domes?

1University Hospital, Department of Psychiatry, Voss Str. 4, 69115 Heidelberg, Germany
2 Department of Psychiatry and Psychotherape; University of Rostock, Germany
3 Department of Biological and Differential Psychology; University of Freiburg, Germany

The neuropeptide oxytocin has recently been shown to enhance eye gaze and emotion recognition in healthy men.
Autism spectrum disorder (ASD) has been associated with distinct impairments in eye gaze and facial emotion
recognition, as well as with alterations of central nervous oxytocin. In 14 male patients with Asperger Syndrome,
who had to process faces compared to objects in a face identity matching task, oxytocin upregulated the activity of
the amygdalae together with the temporo-parietal junction (TPJ) while in healthy controls amygdalae activity
decreased after intranasal application of oxytocin. The TPJ region was also one of the regions oxytocin exerted an
enhancing effect on in an emotion recognition task in subjects with Asperger syndrome when inferring emotions
from the eye but not the mouth region. Oxytocin-induced increased activity during the processing of eye stimuli
was also found in the anterior insula, cuneus/precuneus and rostral anterior cingulate cortex and therefore in
structures known to be involved in social cognition. On the cognitive level, oxytocin enhanced emotion
recognition as indicated by the hit-rate specifically from the eye region of emotional faces. In conclusion, a model
is introduced which claims that oxytocin is a prosocial hormone optimizing arousal in the social context and
facilitating facial expression recognition selectively from the eye region, at least in Asperger-Syndrome. The
cognitive effects of oxytocin might be mediated by specific alterations in regional brain activity in areas previously
shown to be involved in attention and the processing of social stimuli.
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Genetic and systems-level mechanisms of social interactions in humans

Andreas Meyer-Lindenberg1

I Central Institute of Mental Health, Psychiatry and Psychotherapy, J 5, 68159 Mannheim, a.meyer-lindenberg@zi-mannheim.de

Well-being and survival in primates, including humans, depends critically on social interactions (1), and disturbed
social behavior is a key component of diseases such as autism, schizophrenia, and anxiety disorders (2). Social
cognitive neuroscience, a new research field, has started to delineate neural systems for social information
processing (2, 3); however, little is known about specific neurobiological factors shaping the human social brain.
Since many aspects of social function are highly heritable (4), we have adopted a genetic approach to identify
molecular and systems-level mechanisms of social cognition in humans. We discuss work in the rare hypersocial
genetic condition, Williams-Beuren-Syndrome, and common genetic variants linked to psychiatric disease that
impact on regulatory circuitry of the extended limbic system by prefrontal cortex. We then turn to the prosocial
neuropeptides, oxytocin and vasopressin, key effectors of social behavior. In acute administration, Oxytocin
potently reduces amygdala activation and decreased coupling to brainstem regions implicated in autonomic and
behavioral manifestations of fear (5). Vasopressin, given acutely, specifically reduces differential activation in the
subgenual cingulate cortex (6). A previously evaluated circuit between amygdala, subgenual cingulate, and
supragenual cingulate revealed altered effective connectivity between subgenual and supragenual cingulate under
vasopressin. Genetic variants in the brain receptors for the neuropeptides have been linked to human social
behaviors and traits, as well as to the severe disorder disrupting social function, autism. Two microsatellite
polymorphisms, RS1 and RS3, near the promoter of AVPRIA, predict differential activation of amygdala in
carriers of risk alleles (7). Furthermore, we show functional difference in human brain between short and long
repeat lengths that mirror findings recently obtained in a corresponding variant in voles. In the oxytocin receptor
gene OXTR, a common variant (rs53576) was linked to activation and interregional coupling of the amygdala
during the processing of emotionally salient social and structural alterations in key oxytocinergic regions,
particularly in the hypothalamus. These neural characteristics predicted lower levels of reward dependence,
specifically in male risk allele carriers. Our results begin to delineate mechanisms of genetic risk on the neural
systems level that can be mined for new treatments (8).

1 .J. B. Silk, S. C. Alberts, J. Altmann, Science 302, 1231 (Nov 14, 2003).

2. R. Adolphs, Nat Rev Neurosci 4, 165 (Mar, 2003).

3. T. R. Insel, R. D. Fernald, Annu Rev Neurosci 27, 697 (2004).

4.]. Scourfield, N. Martin, G. Lewis, P. McGuffin, Br J Psychiatry 175, 559 (Dec, 1999).

5. P. Kirsch et al., J Neurosci 25, 11489 (Dec 7, 2005).

6. C. F. Zink, J. L. Stein, L. Kempf, S. Hakimi, A. Meyer-Lindenberg, J Neurosci 30, 7017 (May 19).
7. A. Meyer-Lindenberg et al., Mol Psychiatry 14, 968 (Oct, 2009).

8. H. Tost et al., Proc Natl Acad Sci U S A 107, 13936 (Aug 3).
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Modification of alpha-synuclein oligomerization in living cells

Tiago Fleming Outeiro 12

1University of Gottingen, CMPB, Department of Neurodegeneration and Neurorestoration, Waldweg 33, 37073 Gottingen , GermanyZCell
and Molecular Neuroscience Unit, Instituto de Medicina Molecular, Faculdade de Medicina de Lisboa, Lisboa, Portugal

The accumulation of misfolded proteins is a common event in several neurodegenerative disorders (ND). These
altered proteins enable aberrant protein-protein interactions, formation of protein aggregates, and the disruption of
several essential cellular functions.

The misfolding and aggregation of alpha-synuclein (a-syn) is the pathological hallmark of both sporadic and
familial Parkinson’s disease (PD), the second most common age related ND. Recently, it has been postulated that
the precursor oligomeric species of a-syn represents the toxic genus, rather than the complex aggregated forms of
the protein.

A complete understanding of a-syn misfolding, protein-protein interactions and aggregation is essential for the
development of novel therapeutic strategies in PD. We have been investigating the molecular mechanisms
underlying the initial steps involved in a-syn oligomerization. Specifically, we established a system to monitor a-
synuclein dimerization/oligomerization in living cells, using the novel bimolecular fluorescence complementation
(BiFC) assay. Using this approach as a readout of a-syn dimerization/oligomerization, we started to identify and
characterize genetic modifiers of a-syn oligomeric precursors, through an unbiased genome-wide lentiviral RNA1
screen for human genes.

Among the hits we identified genes involved in intracellular transport/trafficking, kinases, phosphatases,
chaperones, and genes involved in cell division.

The identification of genetic modifiers of a-syn oligomerization will enable the development of novel therapeutic
strategies for PD and related diseases.
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M echanisms of alpha-synuclein mediated neurotoxicity

Markus Zweckstetter !

'Max Planck Institute for Biophysical Chemistry, Department for NMR-based Structural Biology, Am Fassberg 11, 37077 Géttingen,
Germany

The relation of alpha-synuclein (alphaS) aggregation to Parkinson's disease (PD) has long been recognized, but the
mechanism of toxicity, the pathogenic species and its molecular properties are yet to be identified. To obtain
insight into the function different aggregated alphaS species have in neurotoxicity in vivo, we generated alphaS
variants by a structure-based rational design (1). Biophysical analysis revealed that the alphaS mutants have a
reduced fibrillization propensity, but form increased amounts of soluble oligomers. To assess their biological
response in vivo, we studied the effects of the biophysically defined pre-fibrillar alphaS mutants after expression
in tissue culture cells, in mammalian neurons and in PD model organisms, such as Caenorhabditis elegans and
Drosophila melanogaster. The results show a striking correlation between alphaS aggregates with impaired beta-
structure, neuronal toxicity and behavioural defects, and they establish a tight link between the biophysical
properties of multimeric alphaS species and their in vivo function (2). In addition, to correlate these findings with
the native protein, we developed a biophysical method for production of on- pathway oligomers of wild-type
alphaS at concentrations an order of magnitude higher than previously possible. Taking advantage of the achieved
high concentrations, we showed that on-pathway oligomers of alphaS form ion channels with well-defined
conductance states in a variety of membranes and their structure differs from that of amyloid fibrils of alphaS (3).

1. ,,Mutant alpha-synuclein with increased toxicity.” EP 08162056.9; Anmeldung: 07.08.09 Markus Zweckstetter,
Damla Pinar Karpinar, Christian Griesinger

2. Karpinar, D. P., Balija, M. B., Kugler, S., Opazo, F., Rezaei -Ghaleh, N., Wender, N., Kim, H. Y.,
Taschenberger, G., Falkenburger, B. H., Heise, H., Kumar, A., Riedel, D., Fichtner, L., Voigt, A., Braus, G. H.,
Giller, K., Becker, S., Herzig, A., Baldus, M., Jackle, H., Eimer, S., Schulz, J. B., Griesinger, C., and Zweckstetter,
M.* (2009) Pre-fibrillar alpha-synuclein variants with impaired beta-structure increase neurotoxicity in Parkinson's
disease models. Embo J 28, 3256-3268

3.Kim, H. Y., Cho, M. K., Kumar, A., Maier, E., Siebenhaar, C., Becker, S., Fernandez, C. O., Lashuel, H. A.,
Benz, R., Lange, A., and Zweckstetter, M.* (2009) Structural properties of pore-forming oligomers of alpha-
synuclein. ] Am Chem Soc 131, 17482-17489
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MICROGLIOSISIN THE ANTERIOR OLFACTORY NUCLEUS OF
PARKINSON AND ALZHEIMER PATIENTS

Anne-Marie van Daml, A Goudriaanl, C Blits—Huizingal, W van de Bergl, P Hooglandl, B
Drukarch!

VU University Medical Center, Department of Anatomy and Neurosciences, Van der Boechorststraat 7, 1081 BT Amsterdam, Netherlands'

Recently, the anterior olfactory nucleus (AON) in the olfactory bulb (OB) has emerged as an early affected region
in Parkinson’s disease (PD) and Alzheimer’s disease (AD) patients. This is based on the early, local presence of
disease-specific protein aggregates, and the loss of olfaction in an early (pre)clinical stage. Previous studies
showed that microglial cells are activated in the, relatively late affected, nigro-striatal system, and found to be
associated with local loss of dopaminergic neurons.

In the present study, we questioned whether microglial cells are activated in the AON of PD and AD patients and
coincide with neuronal loss, and/or colocalize with pathological proteins as an indicator of phagocytic activity. By
using human post -mortem material, we observed a significant increase in the number of activated microglial
(CD68 positive) cells in the AON of both patient groups compared to control subjects. These activated microglial
cells did not colocalize with B-amyloid, hyperphosphorylated tau or a-synuclein, suggesting lack of phagocytosis
of pathological proteins by microglia. Moreover, astrocytes neither colocalized with these pathological proteins
and thus no obvious glial phagocytic redundancy occurred. Furthermore, although no clear neuronal loss (Nissl
staining) was found, changes in the neuronal network as observed by Bodian staining were present, most clearly in
the AON of AD patients.

We put forward that microgliosis in the olfactory bulb of PD and AD patients may be an indicator of neuronal
dysfunction rather than just a reflection of neuronal cell death.
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BAG1 modulates detoxification of disease-specific proteinsin
neur odegener ation

Pawel Kermer!

IUniversititsmedizin Gottingen, Neurology, Robert-Koch-Str. 40, 37075 Gottingen, Germany

BAGT1 (Bcl -2-associated athanogene -1) is a multifunctional protein being essential for neuronal survival and
differentiation. Here, we present data indicating that BAG1 acts as a co-chaperone linking cellular detoxification
mechanisms like the chaperone machinery and the ubiquitin -proteasome system (UPS) which both play a crucial
role in the pathology of neurodegenerative diseases. Our results illustrate that BAG1 bears therapeutic potential for
neurodegenerative diseases associated with protein misfolding like Huntington’s and Parkinson’s disease (PD). We
show that BAG1 modulates toxicity, aggregation, degradation and subcellular distribution in vitro and in vivo of
the disease-specific mutant huntingtin protein. These effects are dependent on the integrity of the C-terminal BAG
domain. Furthermore, we present data regarding the DJ-1 protein which is responsible for an early-onset
autosomal-recessively inherited form of PD. Our results show that BAG1 restores formation of functional DJ-1
L166P dimers and DJ-1 chaperone activity.
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SUM O wrestles with a-synuclein: An endogenous regulator of
aggregation and toxicity

Jochen Weishaupt1

1University of Gottingen, Neurology, Robert-Koch-Str. 40, 37073 Géttingen, Germany

Posttranslational modification by SUMO proteins contributes to numerous cellular pathways. While sumoylation
has been described to create and abolish protein binding interfaces, increasing evidence points to a role of SUMO
in regulating protein solubility. Alpha-Synuclein plays a key role in the pathogenesis of Parkinson’s disease (PD).
This is underscored by gene duplications and three missense mutations in familiar forms of PD as well as genome-
wide SNP association studies. Although the molecular mechanisms regulating its toxicity remain largely elusive,
alpha-synuclein aggregation and subsequent enrichment in inclusion bodies is one of the hallmarks of several
neurodegenerative diseases including PD. We characterized alpha-synuclein SUMOylation in vitro, in cell culture
and in mouse brain, and show that SUMO conjugation blocks alpha-synuclein fibrillation. Even a small portion of
SUMOylated alpha-synuclein is sufficient to significantly delay fibril formation. Conversely, impaired
SUMOylation of alpha-synuclein leads to increased aggregation and toxicity in cell culture as well as in an in vivo
model for Parkinson’s disease. Our findings thus validate alpha-synuclein fibrillation as a critical step in alpha-
synuclein toxicity. The data furthermore suggest a critical role for SUMO in keeping an aggregation prone protein
soluble and implicate SUMOylation as a modulator of neurodegenerative disease pathology.
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Functional roles of the interaction between the neural cell adhesion
molecule NCAM and calmodulin in NCAM signal transduction and in
nuclear import of atransmembrane NCAM fragment

Ralf Kleene!, Mounir Mzoughil, Gunjan J oshi!, Ina Kalus!, Ulrich Bormann!, Christian
Schulzel, Mei-Fang Xiaol, Alexander Dityatevl, Melitta Schachner!

Universititsklinikum Hamburg-Eppendorf, Zentrum fiir Molekulare Neurobiologie Hamburg (ZMNH), Martinistrasse 52, 20246 Hamburg,
Germany

The neural cell adhesion molecule NCAM plays important functional roles not only during nervous system
development, but also in the adult after injury and in synaptic plasticity. Homophilic binding of NCAM triggers
intracellular signaling events resulting in cellular responses such as neurite outgrowth that require NCAM
palmitoylation-dependent raft localization, and activation of the non-receptor tyrosine kinases fyn and fak. We
showed that stimulation of NCAM by a function-triggering NCAM antibody resulted in proteolytic processing of
NCAM and fak. A 50 kDa C-terminal fragment of NCAM consisting of the intracellular domain, the
transmembrane domain and a stub of the extracellular domain as well as a N -terminal fragment of fak are
imported into the nucleus. NCAM-stimulated fak activation, generation and nuclear import of the NCAM
fragment and the fak fragments as well as neurite outgrowth are abolished by mutation of an inverted 1-5-8-14 and
an overlapping inverted 1-5-10 calmodulin binding motif in the intracellular domain of NCAM that is responsible
for the calcium-dependent binding of calmodulin to NCAM. This mutation neither interferes with NCAM cell
surface expression, palmitoylation and raft localization nor with fyn activation. The way by which the
transmembrane NCAM fragment reaches the nucleus in a calmodulin- and calcium -dependent manner is by
endocytotic transport via the endoplasmic reticulum and the cytoplasm. The generation and nuclear import of
NCAM and phosphorylated fak fragments resulting from NCAM stimulation may represent a signal pathway
activating cellular responses in parallel or in association with classical kinase- and phosphorylation-dependent
signaling cascades.

We propose the following working model for the trafficking of NCAM and fak fragments to the nucleus. NCAM-
stimulation leads to a recruitment of NCAM to lipid rafts, an increase in intracellular calcium levels, di-
/olgomerization of NCAM at the cell surface, interaction with calmodulin and phosphorylation, activation and
proteolytic cleavage of fak (step 1). Extracellular cleavage of NCAM by a serine protease, probably plasmin,
results in the generation of a soluble 55 kD fragment comprising part of the extracellular domain and a membrane-
bound 50 kD fragment containing the intracellular and transmembrane domains and part of the extracellular
domain (step 2). The transmembrane 50 kD fragment, probably in association with calmodulin and/or the N-
terminal fak fragment, is internalized by endocytosis (step 3) translocated to endosomes (step 4) and translocated
to the ER (step 5). By unknown mechanisms the fragment is translocated from the ER membrane to the cytoplasm
(step 6) and then imported through nuclear pores, probably in association with calmodulin, into the nucleus in a
calcium and calmodulin-dependent manner (step 7). The proteolytic processing of fak generates a C-terminal
fragment and phosphorylated N-terminal fragment (step 8) which is either transported into the nucleus through
nuclear pores by an importin-dependent pathway (step 9) or in association with the NCAM fragment (step 7). In
the nucleus, the NCAM fragment may associate with other nuclear proteins, such as transcription factors involved
in gene regulation, possibly in association with the fak fragment (step 10).
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Fibroblast growth factor-regulated palmitoylation of the neural cell
adhesion molecule and neuronal morphogenesis

Evgeni G. Ponimaskin!

"Medical School Hannover, Neurophysiology, Carl-Neuberg-Str. 1, 30627 Hannover, Germany

During development of the nervous system, short- and long-range signals cooperate to promote axonal growth,
guidance, and target innervation. Particularly, a short-range signal transducer, the neural cell adhesion molecule
(NCAM), stimulates neurite outgrowth via mechanisms that require posttranslational modification of NCAM and
signaling via receptors to a long-range messenger, the fibroblast growth factor (FGF). In the present study we
further characterized a mechanism which regulates the functional interplay between NCAM and FGF receptor(s).
We show that activation of FGF receptor(s) by FGF2 leads to palmitoylation of the two major transmembrane
NCAM isoforms, NCAM140 and NCAMI180, translocation of NCAM to GM1 ganglioside-containing lipid rafts,
and stimulation of neurite outgrowth of hippocampal neurons. Ablation of NCAM, mutation of NCAM140 or
NCAM180 palmitoylation sites, or pharmacological suppression of NCAM signaling inhibited FGF2-stimulated
neurite outgrowth. Of the 23 members of the aspartate-histidine-histidine-cysteine (DHHC) domain containing
proteins, DHHC -7 most strongly stimulated palmitoylation of NCAM, and enzyme activity was enhanced by
FGF2. Thus, our study uncovers a molecular mechanism by which a growth factor regulates neuronal
morphogenesis via activation of palmitoylation, which in turn modifies subcellular location and thus signaling via
an adhesion molecule.
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NCAM function in the development of neural stem cellsin vivo

Simone Diestel!

1University of Bonn, Institute of Animal Sciences, Department of Biochemistry, Katzenburgweg 9a, 53115 Bonn, Germany

The neural cell adhesion molecule NCAM has important functions during neural development and in the adult
brain, which in many cases have been ascribed to its unique polysialic acid (PSA) modification. We developed a
novel approach of in vivo electroporation of early postnatal mouse brain. Using this method we show that NCAM
expression interferes in vivo with the maintenance of forebrain neuronal stem cells. We further determined the fate
of cells generated from NCAM -overexpressing stem cells in postnatal mouse brain and elucidated the functional
domains of NCAM mediating this effect. Ectopic expression of the NCAM140 isoform in radial glia and type C
cells induces an increase in cell proliferation and consequently the presence of additional neuronal type A cells in
the rostral migratory stream. A mutant NCAM protein comprising only fibronectin type III repeats and
immunoglobulin-like domain 5 was  sufficient to induce this effect. Furthermore, the neurogenic effect is
independent of PSA, as transgenic NCAM is not polysialylated in radial glia and type C cells. These results
suggest that heterophilic interactions of NCAM with other components of the cell membrane must be involved.
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Pathological brain development of mice deficient in NCAM
polysialylation

Herbert Hildebrandt!

'Hannover Medical School, Cellular Chemistry (OE 4330), Carl-Neuberg-Str. 1, 30625 Hannover, Germany

The neural cell adhesion molecule NCAM is modified with the unique carbohydrate polysialic acid, which is
added to NCAM by two polysialyltransferase enzymes. Abnormal levels of NCAM or polySia as well as
polymorphisms in NCAM and one of the polysialyltransferase genes have been related to schizophrenia. The
postnatally lethal phenotype of mice lacking both polysialyltransferases reveals the vital role of this sugar
modification. In my presentation, I will highlight several aspects of defective brain development in these mice,
such as hypoplasia of major axon tracts and altered densities of GABAergic neuron populations. The striking
parallels to structural brain pathology in schizophrenia will be discussed.
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NCAM -associated polysialic acid regulates synaptic plasticity and
lear ning by restraining the signaling through GluN2B-containing
NM DA receptors

Alexander Dityatev1

!Fondazione Istituto Italiano di Tecnologia, Department of Neuroscience and Brain Technologies, via Morego 30, 16163 Genova, Italy

Neurotransmitter receptors as well as cell adhesion molecules are important for maintenance and plasticity of
synaptic function. The ways by which they may cooperate with each other have remained largely elusive. The
neural cell adhesion molecule NCAM and its unusual carbohydrate, alpha2,8 linked polysialic acid (PSA) play
important functional roles in formation of synapses during ontogenesis and regulate synaptic efficacy in the adult.
Abnormalities in PSA and NCAM expression are associated with schizophrenia in humans and cause deficits in
hippocampal synaptic plasticity and contextual fear conditioning in mice. Our data revealed that PSA inhibits
opening of native NR2B -containing NMDA receptors at low concentrations of glutamate. PSA also inhibits
recombinant NMDA receptors (NRs) composed of NRI/NR2B or NR1/NR2A/NR2B subunits. In hippocampal
slices, deficits in NCAM/PSA increase NR2B -mediated transmission and Ca2+ transients at extrasynaptic sites,
and impair long-term potentiation (LTP) in the CA3-CAl synapses. LTP in NCAM or PSA deficient slices is
rescued by suppressing the activity of NR2B -NRs with Ro025 -6981 and chelation of extrasynaptic glutamate
concentration with a glutamate scavenger, glutamic-pyruvic transaminase. Intrahippocampal injection of Ro25-
6981 before fear conditioning rescues contextual fear memories in NCAM deficient mice. Ablation of Ras-GRF1,
a mediator of NR2B signaling to p38 MAPK, or inhibition of hyperactive p38 MAPK also restore impaired LTP in
PSA deficient slices (Kochlamazashvili et al., J. Neuroscience, 2010). These findings for the first time implicate
carbohydrates carried by adhesion molecules in modulating extrasynaptic signaling in the brain and demonstrate
reversibility of cognitive deficits associated with ablation of a schizophrenia-related cell adhesion molecule.
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| nsect neur opeptides and their receptors—a compar ative genomics
approach

Frank Hauser!, Cornelis J. P. Grimmelikhuijzen1

1University Copenhagen, Biology, Universitetsparken 15, 2100 Copenhagen, Denmark

Using bioinformatics tools, we screened various sequenced insect genomes for the presence of neuropeptide and
protein hormones genes. Using this approach, we recently identified 30 neuropeptide or protein hormone precursor
genes in the parasitic wasp Nasonia vitripennis. Compared to Nasonia, there are more neuropeptide genes present
in Drosophila melanogaster, Aedes aegypti (both Diptera), Bombyx mori (Lepidoptera), Tribolium castaneum
(Coeloptera), Apis mellifera (another Hymenoptera) and Acyrthosiphon pisum (Hemiptera). The sets of
neuropeptide precursor genes are remarkably different in all these insects. They can be subdivided into a basal set
of 20 precursor genes that have orthologues in all these species, and a variable set of genes that are only present in
some insects, but can readily get lost in others. One of the identified Nasonia precursor genes was completely
novel, encoding neuropeptides containing the C -terminal sequence RYamide. Interestingly, we could find
orthologues of this RYamide gene in nearly all arthropods with sequenced genomes, and its expression could be
confirmed by mass spectrometry  in the terminal ganglion of mosquitoes. In parallel to this neuropeptide
identification, we also annotated the putative G protein -coupled receptors for neuropeptides and biogenic amines
in various insect genomes. The common ligand/receptor co-evolution will be discussed and an update of
deorphanized receptors will be presented.
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The neurohor mone serotonin regulates plasma membrane V-ATPase
activity in the blowfly

Otto Baumannl, Martin Voss 1, Julia Reinl, Claudia Réserl, Kristoffer Heindorff 1, Wolfgang
Blenaul, Bernd Walz!

Universitit Potsdam, Institut fiir Biochemie und Biologie, Karl-Liebknecht-Str. 24/25, 14476 Potsdam, Germany1

Vacuolar-type proton pumps (V-ATPases) are multisubunit heteromeric complexes composed of a membrane-
bound, H'-translocating V, domain and a cytosolic, ATP-hydrolyzing V| domain. V-ATPases are located in

endomembrane systems and in the plasma membrane of eukaryotic cells. V-ATPases fulfill a variety of functions,
such as intracellular pH homeostasis, extracellular acidification, activation of acid hydrolases in acidic organelles,
and loading of synaptic vesicles with neurotransmitter molecules. Since V-ATPases may consume a considerable
amount of energy in some cell types, their activity can be adjusted to the temporary needs and to extracellular
signals. Using salivary glands of the blowfly Calliphora vicina as a model, we examine the poorly characterized
intracellular signalling cascade(s) linking serotonin receptors to V-ATPase activation.

Salivation in blowflies is regulated by serotonin (5 -hydroxytryptamine, 5- HT) released by the thoracic ganglion

and acting as a neurohormone. 5- HT binding to its receptors on the secretory activates the InsP3/CazJr and the
cAMP/PKA signalling pathways. We have identified the latter pathway to be absolutely required for 5-HT-

dependent regulation of V-ATPase. PKA activity leads to phosphorylation of V-ATPase subunit C, and this event
may serve as a trigger for the reversible assembly of inactive Vi and V; domains to functional V-ATPase

holoenzymes. Our recent studies demonstrate further that the 5-HT-induced intracellular Ca?" increase modulates
the cAMP/PKA signalling pathway and, thus, V-ATPase activity. We suggest that crosstalk between both
signalling pathways occurs at the level of the adenylyl cyclase.
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Cellular polarity of peptidergic neurons and possible implications for
the organisation of peptidergic signalling networks

Christian Wegenerl, Gergely Karsai2, Mareike Selcho!, Ronja Hensgenl, Laszl6 Molnar?, Edit
Pollak?

1Philipps-Universitéit Marburg, FB Biologie, Tierphysiologie-Neurobiologie, Karl-von-Frisch-Strasse 8, 35032 Marburg, Germany
2Department of General Zoology, University of Pécs, Hungary

Determination of neuronal polarity - i.e. the identification of in- and output regions- represents a considerable
difficulty in the morphological analysis of modulatory neurons and networks. This difficulty is especially relevant
for peptidergic interneurons of invertebrates. What may seem a specialist problem is in fact relevant to the current
activities in morphological dissection of neuronal circuitry on the identified single cell level in various insect
models.

We here report on our systematic efforts to spatially map peptidergic neurons and to characterise their in- and
output sites on the light- and electron microscopic level in the fruitfly Drosophila. Molecular tools available for
the fruitfly allow to express fluorescent pre- and postsynaptic marker proteins, and enable us to immunostain
peptide vesicles in large populations of peptidergic neuron by ectopic expression of marker peptides. Our study
focusses on dimmed-positive LEAP neurons (Large cells that display episodic release of amidated peptides) and
CCAP neurons involved in control of ecdysis behaviour. Our results suggest that peptidergic neurons can be
classified into different
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Exploring peptide signaling involved in honey bee foraging behavior

Axel Brockmann!

1Department of Entomology, University of Illinois at Urbana-Champaign, USA

The honey bee genome predicts approximately 100 peptides from 36 different prohormones, but the physiological
and behavioral functions of most of these peptides are unknown (Hummon et al., 2006). To explore the influence
of neuropeptides in behavioral maturation and social foraging, we adapted a quantitative peptidomics approach
using differential isotope labeling for small brains (Brockmann et al., 2009). In our first study, we compared brain
peptide abundances between arriving and departing nectar or pollen foragers. There were 6 peptides from 6
different prohormones [tachykinin-related peptides (TKRP-3), sSNPF, PBAN (IYLPLFASRLamide), allatostatin C,
FMRFamide-related peptides (extended FMRFa-1) and MVP-containing peptide] showing robust and dynamic
regulation in the context of foraging. Some of these peptides appear to be associated with the decision whether to
forage for pollen or nectar [e.g. SNPF (SPSLRLRFamide), TKRP-3], some appear to be associated with the direct
regulation of food collection [e.g. TKRP-3, PBAN (IYLPLFASRLamide)]. In our second study, we analyzed bees
engaged in dance language communication. Comparing peptide abundances in dancing and non-dancing returning
foragers, we found 4 peptides from 3 prohormones [TKRP -3, TKRP -6, allatostatin (AST -5), and ITG] showing
significant differences. To be able to efficiently study the effects of selected neuropeptides on behavior, we are
developing a quantitative sugar-elicited search behavior in the laboratory with automated movement analysis. We
intend to use a combination of quantitative peptidomics and manipulative behavioral experiments under laboratory
and natural conditions to learn more about neuropeptide regulation of bee behavior.

Brockmann A, Annangudi SP, Richmond TA, Ament SA, Xie F, Southey BR, Rodriguez-Zas SR, Robinson GE,
and Sweedler JV (2009) Quantitative peptidomics reveal brain peptide signatures of behavior. Proc Natl Acad Sci
U S A. 2009 106:2383-8.

Hummon AB, Richmond TA, Verleyen P, Baggerman G, Huybrechts J, Ewing MA, Vierstraete E, Rodriguez-Zas
SL, Schoofs L, Robinson GE, Sweedler JV (2006) From the genome to the proteome: uncovering peptides in the
Apis brain. Science 314:647—649.

The study was supported by grants from NIDA grant P30 DA018310 (to Jonathan V. Sweedler), NIGMSgrant
GMO073644 (to Gene E. Robinson).
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Monoamines and neuropeptides interact to inhibit nociceptive behavior
in Caenorhabditis elegans

Richard Walter Komuniecki!

1University of Toledo, Biological Sciences, 2801 West Bancroft St., 43606-3390 Toledo, Ohio, USA

The modulation of pain is complex, but noradrenergic signaling promotes anti-nociception, with a2-adrenergic
agonists used clinically. To better understand the adrenergic/peptidergic modulation of nociception, we examined
the octopaminergic inhibition of aversive behavior initiated by the C. elegans nociceptive ASH sensory neurons.
Octopamine (OA), the structurally-related invertebrate counterpart of noradrenaline, modulates sensory-mediated
reversal through three a-adrenergic-like OA receptors. OCTR-1 and SER-3 antagonistically modulate ASH
signaling directly, with OCTR-1 signaling mediated by Gao. In contrast, SER-6 inhibits aversive responses by
stimulating the Gas -dependent release of an array of “inhibitory” neuropeptides from additional neurons that
stimulate receptors on sensory neurons mediating attraction, suggesting that peptidergic signaling integrates both
attractive and repulsive inputs to modulate locomotory transitions. These studies highlight the complexity of
octopaminergic/peptidergic interactions and the similarities of this modulatory network to the noradrenergic
inhibition of nociception in mammals, where norepinephrine suppresses chronic pain through inhibitory a2
adrenoreceptors on afferent nociceptors and stimulatory al receptors on inhibitory peptidergic interneurons.
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Neurochemical control of thedecision to fight or fleein crickets

Paul Anthony Stevenson !

1University of Leipzig, Institute for Biology, Talstr. 33, 04103 Leipzig, Germany

Aggression is a behavioral strategy adapted to secure some limited resource at minimal cost. Accordingly, potential
costs and benefits must be evaluated in order for the contestants to decide whether it is more opportune to fight or
flee. Our experiments are revealing the neuronal mechanisms underlying this fundamental decision-making process
in crickets. The decision to fight is promoted by numerous experiences, including in crickets, flying, winning a
contest, contact to females and occupancy of a shelter. Pharmacological manipulations, including semi-selective
amine depletion and treatments with amine -receptor agonists and antagonists, demonstrate that experience
dependent enhancement of aggressive motivation is mediated by the biogenic amine octopamine.  For the

decision to flee, contestants are thought to assess agonistic signals exchanged during fighting. By manipulating

agonistic signaling, we confirmed the cumulative assessment hypothesis for crickets, according to which animals
assess only the opponent’s actions, and flee when the accumulated sum exceeds some critical level. Since crickets
persist longer in fighting when treated with drugs that block nitric oxide (NO) signaling, we speculate that the
accumulation of sensory signals from the opponent activates the NO/cGMP pathway, which suppresses aggression
and or promotes retreat. In a first step towards revealing the cellular mechanisms underlying the control of
aggression, we characterized the population of fast-conducting giant descending interneurones (gDINs) that
respond to mechanical stimulation of the antenna as it occurs to initiate - and during fighting. Two gDINs with
contralateral descending axons were identified thatreceive direct supra -threshold inputs from antennal
mechanoreceptors. Their morphologies are strikingly similar, except in the 3rd thoracic ganglion where one one
has unilateral- and the other bilateral terminal projections. Interestingly, octopamine agonists dramatically enhance
the responsiveness of the one gDIN to mechanical antennal stimulation, while diminishing that of the other. This
system has potentially decision making properties. We speculate that differential modulation of gDINs may
influence whether a cricket turns towards or away from a conspecific. ~Our data thus shows that the decision to
fight or flee in crickets is at least partially controlled by the octopaminergic and NO/cGMP signaling pathways
which mediate the influences of social and other experiences on aggression. Considering also work of others
implicating additional amines (serotonin) and some peptides (opiates) in the decision to fight or flee, the
neurochemical control of aggression in insects seems to have many parallels to that in mammals. The
contributions of colleagues and coauthors who performed much of the original work, and recent support by the
DFG (FOR 1363, STE 714/4-1) is gratefully acknowledged.
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Molecular properties and new developments of channelrhodopsins as
optogenetic tools

Ernst Bambergl, S. Kleinlogell, K. Feldbauerl, P. Woodl, U. Terpitzl, R. Dempskiz, C.
Bamannl, M. Miillerl, W. Kiihlbrandt!

'Max Planck Institute of Biophysics, Max von Laue Str. 3, D-60438 Frankfurt am Main, Germany
2Life Sciences & Bioengineering Center — Worcester Polytechnic Institute, 100 Institute Road, Worcester, MA 01609-2280, USA

Channelrhodopsin-2 (ChR2) from Chlamydomonas reinhardtii with the seven transmembrane helix motif act as
light-gated cation channel. ChR2 is now widely used as an optogenetic tool to control membrane excitability. The
functional and structural description of ChR2 is given by electrophysiology, noise analysis for the determination of
the unit conductance of the channel, and flash photolysis for the description of the photocycle, and 2D cryo
electron microscopy.

Although the optogenetic toolbox is expanding continuously, several enticing possibilities still remain. Amongst
them are microbial rhodopsin variants with 1) an intrinsic “bidirectional optical switch”, to provide precise
localized control of excitation and inhibition 2) expanded bandwidths of excitation and/or inhibition over the

whole visible spectrum, 3) altered kinetics and 4) an increased ion permeability for CaZ". Despite being kinetically
and spectrally almost identical to the wildtype, this variant exhibits an increased light-sensitivity by a factor of 70
and elicits potent depolarization in neurons. The mechanism of this effect is given on the basis of the enhanced
Cat++ permeability.
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Optical control architecture for optogenetic neural stimulation

Patrick Degenaar1

INewcastle University, School of Electrical, Electronic and Computer Engineering, Merz Court, , NE1 7RU Newcastle upon Tyne, United
Kingdom

The recent emergence of optogenetic neural stimulation techniques have been revolutionizing the fields of
electrophysiology and prosthetics. In this method, neurons are genetically modified to express light sensitive ion
channels such as Channelrhodopsin -2 (ChR2). This allows a previously unattainable level of precise
spatiotemporal control over neural activity. Significantly, it is possible to use the technique to inhibit as well as
stimulate, and different neural cells and circuits can be genetically targeted to express ion channels of different
chromatic sensitivity. This level of control allows for investigation of neurons and neural networks in ways not
previously possible, and opens up possibilities for novel clinical applications such as retinal prosthesis. ChR2 is a
light-sensitive cation channel with an action-spectrum peak at around ~460nm. It has been successfully expressed
in numerous neuron types and its operation has been shown both in vitro and in vivo, including primates.

The main engineering challenge with optogenetic neural stimulation lies with its relatively high light requirement
for stimulation. Typically ImW/mm?2 is required in instantaneous pulsed irradiance. This is much higher than can
be provided by most standard spatial light modulation technologies such as liquid crystal displays. There is
therefore great scope for the co -development of complementary optoelectronic stimulator technology. My
Neurobionics group and collaboratorys first demonstrated the use of Gallium Nitride microLED arrays for
stimulation of optically sensitized neurons in 2008. Since then, we have been further refining the technology
towards our long term aim for its use in optogenetic retinal prosthesis.

This talk will cover the main issues surround engineering technologies for optogenetic neural stimulation. I will
focus on our use of a micro-Light Emitting Diode Arrays as a powerful tool for complex spatiotemporal control of
photosensitized neurons. The array can generate arbitrary, 2D, excitation patterns with millisecond and micrometer
resolution. In particular, we describe an active matrix control address system to allow simultaneous control of 256
individual micro light emitting diodes. I will present the how the system can be optically integrated into a
microscope environment and patch clamp electrophysiology. This talk will also discuss long term translation to
prosthetic vision.

(a)
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M odifying neuronal connectionswith light

Thomas G. Oertner!

IFriedrich Miescher Institute for Biomedical Research, Maulbeerstr. 66, 4058 Basel, Switzerland

Long-term plasticity of synaptic connections is often referred to as a mechanism for memory storage in the brain.
The time scales of memory, however, are orders of magnitude longer than the duration of electrophysiological
recordings. It would be desirable to follow the fate and assess the function of individual synapses over several days
in order to investigate the long-term stability of LTP and LTD.

We have combined optogenetic stimulation with two-photon imaging of genetically encoded calcium indicators in
slice cultures of the hippocampus. This combination enables non-invasive optical recording from individual
synapses, and we are now able to measure the amplitude and frequency of synaptically evoked spine calcium
transients over several days. In my presentation, I will introduce improved Channelrhodopsin variants that are
particularly suitable for optical plasticity experiments and explain strengths and limitations of current optogenetic
technology.
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Optogenetic screen for synaptic vesicle recycling mutants and analysis
of synaptic ultrastructure after optical hyperstimulation in
Caenorhabditis elegans

Alexander Gottschalkl’z, Jan Hegermann3 , Martin Braunerl, Jana Liewaldl’z, Christian
Schultheis 2, Sebastian Wabnigl’z, Jeffrey Stirman®, Hang Lu?, Stefan Eimer>

1Goethe University Frankfurt, Department of Biochemistry, Chemistry and Pharmacy; Biocenter, Max von Laue Strasse 9 , D-60438
Frankfurt, Germany

2Frankfurt Institute for Molecular Life Sciences (FMLS), Goethe University, Max von Laue Strasse 15, D-60438 Frankfurt, Germany
3European Neuroscience Institute, Gottingen, Germany
4Georgia Institute of Technology, Atlanta, USA

Synaptic transmission relies on the rapid release of synaptic vesicles (SVs) at active zones of chemical synapses.
Following release, SVs are retrieved trough endocytosis within presynaptic terminals. This local recycling allows
fast refilling of SV pools, and further ensures maintenance of synaptic transmission without the need for de-novo
SV synthesis and transport. Efficient SV recycling is thus most important during prolonged neuronal activity and at
high rates of release.

In most systems, SV recycling occurs through clathrin-mediated endocytosis. After fusion with endosomes and
protein sorting, mature SVs bud from these structures. Yet, at steady-state, endosomes are hardly detectable at
presynaptic terminals, likely due to low SV release rates at steady-state conditions.

To investigate how C. elegans synapses operate under high-activity conditions, we used Channelrhodopsin-2-
(ChR2-) mediated optical stimulation, combined with behavioural, electrophysiological and electronmicroscopic
(EM) analyses. Animals in which cholinergic neurons are continuously (> minutes) photo-stimulated exhibit a
constant body contraction, showing that synapses are able to constantly release and recycle SVs. Mini-analyses
show that the release rate is initially high, then falls down to a plateau release rate during the stimulus. To probe
clathrin-mediated endocytosis during sustained release, we targeted factors such as adapter proteins AP180 (UNC-
11) and synaptotagmin (SNT-1), or proteins involved in clathrin uncoating, like endophilin (UNC-57) and
synaptojanin (UNC-26). The respective mutants display phenotypes that clearly indicate reduced ability to recycle
SVs during sustained activity.

To analyze synaptic ultra-structure and SV pools after long-term photo-stimulation of cholinergic neurons, we
used high -pressure freeze (HPF) EM. In wild type animals, photo-stimulation induces depletion of (30 nm) SVs,
and appearance of large (100-250 nm) endosomal structures, which are only transiently present and disappear
within 10 sec after the light stimulus ended, and this was largely altered in SV recycling mutants. The recovery
period as evidenced by EM corresponds well to post-stimulation electrophysiological and behavioural analyses:
Subsequent photo -stimuli evoked maximal post -synaptic currents only after ca. 10- 20 sec, and animals were
uncoordinated for about 30-60 sec, suggesting that SV pools can be refilled faster than the active zone regains full
release capability.

In order to uncover additional factors involved in SV recycling, we use RNA interference and a behavioural
readout for synaptic efficacy, namely light-induced body contraction in animals expressing ChR2 in cholinergic
neurons. To facilitate analysis on a genome-wide scale, we developed microfluidic devices in which animals are
confined in up to 24 parallel channels, to easily combine photostimulation and imaging.
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An Optogenetic Toolbox Designed for Primates

Ilka Diester'-2, Matthew T Kaufman?, Werapong Goo!-2, Murtaza Mogril, Ramin Pashail~,
Ofer Yizhar!, Charu Ramakrishnan!, Karl A Deisseroth!->*, Krishna V Shenoy2

I'Stanford University, Bioengineering, 318 Campus Drive, W080 Clark Center, 94305 Stanford, USA
2Stanford University, Electrcial Engineering, W100-A Clark Center, 318 Campus Drive West, 94305 Stanford, USA
3Stanford University, Department of Psychiatry and Behavioral Sciences, Stanford, USA
4Stanford University, Howard Hughes Medical Institute, Stanford, USA

3 Department of Electrical Engineering and Computer Science, University of Wisconsin-Milwaukee, Milwaukee, WI, USA

Optogenetics is a technique for controlling subpopulations of neurons with light in the intact brain, which
complements classical electrophysiology and may enhance both basic systems physiology research as well as
inform the mechanisms and treatment of brain disease. Before launching large-scale primate studies, the method
needs to be further characterized and adapted for use in the primate brain. We report here the analysis of an
optogenetic toolbox designed for primates, including two optogenetic viral vector systems based on lentiviruses
and adeno-associated viruses (AAV), combined with the human promoters hSyn and hThy-1 in rhesus macaques.
We also assess the use of three different mammalian codon -optimized opsins in the primate brain:
channelrhodopsin-2 (ChR2), enhanced Natronomonas pharaonis halorhodopsin eNpHR2.0, and a step-function
opsin (SFO), which we characterize electrophysiologically, histologically, and behaviorally. We show that
expression of these opsins is strong under control of the human promoters hSyn and hThy-1, and that low light
levels are sufficient to activate or deactivate those opsins as measured on a single cell and local field potential
level. We also introduce a new device for measuring in vivo fluorescence over time without sacrificing animal
subjects, allowing the assessment of construct expression levels in the intact brain. Together, we present a set of
optogenetic tools designed for, and available for use in, optogenetic experiments in the non-human primate brain.
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Channelrhodopsin-2 mediated optical stimulation of the Cochlea

Victor Hugo Hernandez Gonzalez!2, Gerhard Hochlﬂz, Nicola Strenzkelﬂz, Zhizi Jingl 1, Hideki
Takagol’ 2, Gerhard Vogt3, Carolyn Garnham?, Ernst Bamberg4, Tobias Moser!2, George
Augustine’

1University of Goettingen, InnerEarLab, Department of Otolaryngology, Robert-Kochstr. 40, D-37075 Géttingen Germany
ZBernstein Focus for Neurotechnology Goettingen
3MED-EL Company
4MPI for Biophysics Frankfurt
>Duke University

Electrical auditory prostheses are among the most advanced neuroprostheses. Providing auditory input to the
auditory pathway, cochlear implants, the most commonly used prostheses, enable open speech comprehension in
the majority of the implanted deaf subjects. Still, sound encoding driven by the current cochlear implants is
limited. For example, cochlear implants make limited use of the tonotopically ordered projections to the brain
employing only 12-22 separate channels in order to avoid electrode cross-talk. While the auditory performance of
successful cochlear implant users highlights the incredible capabilities of the CNS to extract information from the
limited sensory input, it remains an important task to improve the frequency resolution of cochlear implants. Here,
we explored the use of channelrhodopsin-2 (ChR2) expression in spiral ganglion neurons for optical stimulation of
the auditory pathway. Coupling blue light (emitted by LED or laser) into a cochleaostomy of transgenic mice
expressing ChR2 (Arenkiel et al., 2007) in the first auditory neurons caused large compound potentials in scalp
recordings. These potentials were present also after acute deafening but were blocked when action potential
generation was inhibited by application of tetrodotoxin and lidocaine. The dependence of response amplitude on
stimulus duration, rate and light power was systematically explored. Neural responses to sound could be masked
by optical stimulation. Single auditory neuron responses to optical stimulation of the cochlea are currently being
studied in the cochlear nucleus and the inferior colliculus. In summary, ChR2-mediated optical stimulation of
cochlea seems feasible in animal experiments.
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Circuitsthat control cortical development and plasticity, subplate
neurons and beyond

Patrick O Kanold!

1University of Maryland, Dept. of Biology, Institute for Systems Research, 1205 Biosciences Bldg, 20742, MD College Park, USA

One of the hallmarks of the young brain is it ability to be sculpted by experience especially during critical periods
in development. However, the mechanisms underlying this early learning process and how they relate to learning
processes in adult are unknown.

The young brain is structurally different from the adult brain and contains additional circuits that are formed by
subplate neurons (SPNs). These neurons reside in the white matter and most of them disappear during
development. After the critical period ends — when SPNs are no longer present - only limited plasticity is present.
Thus SPNs might participate in types of synaptic plasticity that occur only during the critical period.

We describe functionally the changing circuits present in the developing neocortex. In particular we describe the
circuits SPNs are associated with and how these circuits are engaged by thalamic activity. We then show how the
presence of SPN circuits can aid neocortical development. We then show how disruption of these circuits in early
development can lead to altered cortical function and cause symptoms of neurological disorders.

We then describe how these developmental mechanisms of controlling plasticity compare to mechanism
controlling plasticity in the adult.
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Synaptic circuit formation and plasticity in the developing visual system

Colin Jon Akerman!

1University of Oxford, Department of Pharmacology, Mansfield Road, OX1 3QT Oxford, United Kingdom

The development of neural circuits involves a diverse array of endogenous and exogenous signals, including both
spontaneous and environmentally driven neural activity. A fundamental idea is that information carried in early
activity patterns can guide specific changes to the functional and structural properties of developing circuits. More
than simply permitting changes, the spatiotemporal statistics of spiking activity are reflected in the circuit changes
that occur. Some of the first experimental demonstrations that neural activity plays an instructive role in
development involved imposing high levels of correlation between neurons’ spiking activity and showing that this
disrupted the development of receptive field properties in the visual system. Later work showed that imposing
temporal sequences of pre- and post-synaptic spiking activity is able to modify receptive fields via processes such
as spike-timing dependent plasticity. However, very little is known about the mechanisms by which a developing
system might be equipped to translate information in the environment in to specific changes in its functional
connectivity. We have explored this by recording from neurons in the developing visual system of Xenopus laevis.
We show that neurons of the optic tectum can be “trained” by repeatedly presenting a visual stimulus and that the
resulting changes induced in their receptive fields reflect the spatiotemporal properties of the training stimulus. As
in other systems, tectal neurons at these stages receive glutamatergic and GABAergic synaptic inputs. We have
focussed on the contribution of local GABAergic circuits in enabling young tectal neurons to interpret the
spatiotemporal statistics of environmentally driven activity. Intriguingly, we find that when GABAergic
transmission in the tectum is disrupted, the instructive effects of training are eliminated. This loss of instructive
learning is related to changes in spike-timing patterns because when GABAergic inputs are blocked, there is a
substantial increase in the spike -timing correlations between tectal cells and greater potential for tectal-tectal
synaptic plasticity. In support of this, we find that instructive learning is eliminated when spike-time correlations
between tectal neurons are increased by other manipulations. Furthermore, recordings of synaptic inputs during
visual stimulation reveal that features of the early GABAergic system mean that it is ideally placed to influence
spike-timing at these stages. Rather than decreasing the variance in spike -timing, as they do in many adults
systems, early GABAergic circuits in the optic tectum enhance spatiotemporal differences in spiking patterns and
minimize correlations that may be introduced via recurrent excitation. This may provide a mechanism to ensure
that receptive field changes are primarily instructed by the statistics of the visual environment.
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Induction of GABAergic activity patterns during early neocortical
development

Werner Kilb!

1University Medical Center Mainz, Institute of Physiology and Pathophysiology, Duesbergweg 6, 55128 Mainz, Germany

GABA is a main inhibitory neurotransmitter in the adult nervous system and mediates its action via distinct
interneurons and mainly synaptic processes. In the immature nervous system activation of GABA , receptors

generates depolarizing membrane responses that can promote excitation and both nonsynaptic and synaptic
processes contribute to GABAergic synaptic transmission. However, the neuronal elements and activity patterns by
which the GABAergic system influences the cortical activity in the early postnatal cerebral cortex are only
marginally understood.

Our studies in the early postnatal cerebral cortex of rodents revealed thatin subplate neurons only a fraction of
spontaneous postsynaptic currents (PSCs) were GABAergic, while in pyramidal neuron of the cortical plate the
majority of PSPs and in Cajal -Retzius cells virtually all PSCs were mediated by GABA 4 receptors. Tonic

activation of GABA , and glycine receptors by taurine induced a significant increase in the frequency of

GABAergic PSCs. The taurine -induced GABAergic PSCs were blocked by TTX and could also be observed in
minislice preparations without any subcortical structures, suggesting that the tonic activation of GABA , and

glycine receptors specifically activates GABAergic interneurons within the cortex. A global enhancement of the
neuronal activity by bath -application of the cholinergic agonist Carbachol led to a massive increase in the PSPs
frequency. This Carbachol-induced synaptic activity consist in pyramidal neuron of the cortical plate mainly of
glutamatergic PSCs, while in subplate neurons about 50% of the PSCs and in Cajal-Retzius cells all PSCs are
mediated by GABA 5 receptors. The GABAergic PSCs in Cajal-Retzius cells were suppressed in TTX and could

also be observed in minislices, in which all subcortical structures including the subplate are missing. These
findings suggest that Carbachol leads to the activation of GABAergic interneurons within the cortex, which project
to Cajal -Retzius cells. Perforated -patch recordings revealed that this Carbachol-induced GABAergic PSCs were
able to trigger action potentials, but that such episodes of high frequency GABAergic activity significantly reduce

the intracellular C1” concentration and the excitatory potential of GABAergic inputs.

In summary, these findings indicate that already in the early postnatal cerebral cortex synaptic GABAergic
connections contribute to the neuronal activityin a highly stimulus and projection specific manner. The
depolarizing GABAergic responses can clearly promote excitation in the investigated circuits, but the activity-

dependent dynamic CI™ changes suggest a considerable context dependency of GABAergic responses.



Gottingen Meeting of the German Neuroscience Society 2011 s 2 2_ 4

Plasticity, seizures and chlorideregulation in neonatal neurons

Peter Blaesse !

1University of Helsinki, Laboratory of Neurobiology, Viikinkaari 1, 00014 Helsinki, Finland

Fast inhibitory postsynaptic transmission is mediated by GABA 4 receptor channels, which are selectively

permeable to Cl and to a lesser extent to HCO; . Whether GABA j, receptor -mediated currents are
hyperpolarizing or depolarizing (and sometimes even excitatory) depends on their reversal potential, which is set
by the distribution of CI” and HCO;5 across the plasma membrane of the target neuron. The Na-K-2Cl

cotransporter NKCC1 and the neuron -specific K-Cl cotransporter KCC2, which belong to the family of cation-
chloride cotransporters (CCCs), are key molecules in neuronal chloride homeostasis and, thereby, have a major
impact on GABAergic signaling (for review, see Blaesse et al. 2009, Neuron 61: 820-38).

A ubiquitous feature of neurons is a developmental shift in the intracellular CI” concentration ([Cl'];) from

relatively high levels in immature neurons towards lower levels in mature neurons. This shift has been attributed
to a concerted change in the actions of NKCC1 and KCC2. In immature neurons, NKCC1 uses the inward-

directed Na™ gradient to transport Cl- into the cell, thereby increasing the [C17]; to a level higher than what is

expected on the basis of a passive Cl” distribution. In contrast, KCC2 uses the outward -directed K™ gradient to
lower the [Cl7]; in mature neurons. Elucidating the mechanisms underlying the functional development of NKCC1

and KCC2 is of much importance since it is generally thought that CCCs, by modulating GABAergic transmission,
contribute to neuronal circuit formation in the hippocampus and other cortical structures.

A striking example of the regulation of CCCs by neuronal activity is the activation of KCC2 by a neonatal seizure
episode (Khirug et al., 2010, JNeurosci 30: 12028 35). The KCC2 protein level is low and functionally
insignificant in the early postnatal rodent hippocampus. However, a single neonatal seizure episode induced by
kainate injection during postnatal day 5-7 leads to a dramatic increase in the plasmalemmal KCC2 pool and results
in a rapid functional activation of the transporter. In addition, seizure-like activity induced by kainate application

in vitro results in a similar increase in neuronal Cl~ extrusion and in the surface expression of KCC2. Both effects
are blocked by the kinase inhibitor K252a. The activity- dependent increase in KCC2 functionality may act as an
intrinsic anticonvulsant mechanism in the neonate hippocampus.

Powerful homeostatic regulation of neuronal activity in the developing hippocampal circuitry is seen when the
depolarizing action of GABA is absent in the immature hippocampus due to a genetic or pharmacologically-
induced loss of NKCC1 function (Sipild et al., 2009, JNeurosci: 29: 6982-88). Surprisingly, slices from NKCC1
knockout mice generate endogenous network events similar to “Giant Depolarizing Potentials” (GDPs). Unlike in
slices from wildtype mice, the GDPs are not blocked by the NKCCI1 inhibitor bumetanide and not facilitated by
the GABA , agonist isoguvacine. While the lack of depolarizing GABAergic transmission has no effect on the

developmental upregulation of KCC2, it results in a fast and dramatic compensatory increase in the intrinsic
excitability of glutamatergic neurons.

The significance of the activity-dependent regulation of KCC2 function and its effect on GABAergic transmission
and the putative mechanisms and the implications of the homeostatic regulation of neuronal activity by CCCs will
be discussed.
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Maturation of prefrontal-subcortical neuronal networks as result of
early synchronized activity patterns

Ileana Livia Hanganu—Opatz1

ICenter for Molecular Neurobiology, UKE, Dev. Neurophysiology, Falkenried 94, 20251 Hamburg, Germany

Binding of neuronal assemblies by synchronizing their activity patterns in oscillatory rhythms enables higher brain
abilities such as sensory perception, attention and memory. The ability to generate oscillatory rhythms is not a
hallmark of the adult brain, but is present already during early development. Synchronized patterns of oscillatory
activity are present in sensory (visual, somatosensory) cortical areas of both premature infants and neonatal rodents
and are triggered by endogenous activation of sensory periphery and intracortical activation. They appear to act as
a template facilitating the establishment of cortical maps requested for sensory processing. Whether such early
oscillatory activity interferes with the maturation of neuronal networks underlying the cognitive performance
remains unknown. Combining in vivo electrophysiology and pharmacology with immunohistochemistry and
behavioral testing we identified and characterized for the first time the patterns of oscillatory activity in the
developing rat prefrontal cortex (PFC) and unraveled their mechanisms of generation within a prefrontal-
hippocampal-subcortical circuit. Discontinuous oscillatory patterns with characteristic temporal and spatial
organization synchronize in theta-gamma frequency band the neonatal PFC. They result from the activation of
local prefrontal networks driven by the theta bursts of intermediate and ventral hippocampus and by the inputs
from the entorhinal cortex. With ongoing maturation, the PFC switches to continuous theta-gamma oscillatory
rhythms, although their precision of coupling decreases in juvenile pups. At this age mutual interactions between
prefrontal and hippocampal rhythms shape the refinement of connectivity. During the neonatal and juvenile
maturation, the early prefrontal -hippocampal network is subject of intense subcortical modulation, especially by
the cholinergic input from the basal forebrain. Selective impairment of subcortical cholinergic neurons led to
abnormal patterns of oscillatory activity and to behavioral deficits (ultrasound vocalization, short-term memory).
Whereas muscarinic, but not nicotinic receptors mediate the cholinergic modulation of activity patterns in the
neonatal PFC, both receptors types contribute to acetylcholine-induced effects on the continuous theta-gamma
rhythms of juvenile pups. Early miswiring within this prefrontal-hippocampal-subcortical circuit due to abnormal
patterns of early activity and synchronization may account for specific impairment of cognitive abilities in several
neurodevelopmental disorders.

Supported by the DFG (Emmy Noether program) and the Federal Ministry of Education and Research (BMBF).
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At immatur e mossy-fiber-CA3 synapses, correlated presynaptic and
postsynaptic activity persistently
enhances GABA release and network excitability via BDNF and cAMP-
dependent PKA.

Sudhir Sivakumaran!

ISISSA/ISAS, Neurobiology, Lab 551/554, 5th Floor, Via Bonomea 265, 34136 Trieste, Italy1

In the adultrat hippocampus, the axons of granule cells in the dentate gyrus, the mossy fibers (MF), form
excitatory glutamatergic synapses with CA3 principal cells. In neonates, MF release into their targets mainly
GABA, which at this developmental stage is depolarizing. Here we tested the hypothesis that, at immature MF-
CA3 synapses, correlated presynaptic [single fiber-evoked GABAA-mediated postsynaptic potentials (GPSPs)]
and postsynaptic activity (back propagating action potentials) exert a critical control on synaptic efficacy. This
form of plasticity, called spike-timing-dependent plasticity (STDP), is a Hebbian type form of learning extensively
studied at the level of glutamatergic synapses. Depending on the relative timing, pairing postsynaptic spiking and
single MF -GPSPs induces bidirectional changes in synaptic efficacy (long-term potentiation, LTP or long-term
depression, LTD). In case of positive pairing (pre before post), LTP was associated with a persistent increase in
GPSP slope and in the probability of cell firing. The potentiating effect required a rise in postsynaptic calcium via
voltage-dependent calcium channels. In addition, spike-timing dependent LTP needed the combined activity of
cAMP-dependent PKA (protein kinase A) and brain-derived neurotrophic factor (BDNF). The release of BDNF
from the postsynaptic neuron activated presynaptic TrkB receptors, leading to a persistent increase in GABA
release. In ‘presynaptically’ silent neurons, pairing -induced enhancement of GABA release produced synapse
unsilencing. Shifting EGABA from the depolarizing to the hyperpolarizing direction with bumetanide, a specific
inhibitor of Na-K-CI-Cotransporter isoform 1 (NKCCI), failed to modify synaptic strength. Thus, spike -timing
dependent LTP of GPSPs provides a reliable way to convey information from granule cells to the CA3 associative
network at a time when glutamatergic synapses are still poorly developed.
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Juvenile mouse ultrasonic vocalizations emitted during a dyadic
encounter respond to the distinct past experiences of oneindividual

Garet Paul Lahvis!, Vanessa R Jimenez!, Jules B Panksepp1

1Oregon Health and Science University, Department of Behavioral Neuroscience, L-470, 3181 SW Sam Jackson Park Road, 97239 Portland,
OR, USA

Various species within the order Rodentia emit vocalizations that communicate referential and emotional
information. Among mice and rats, many of these vocalizations are emitted at frequencies that exceed human
hearing abilities. Understanding the function of mouse ultrasonic vocalizations (USVs) could help us employ
mouse models to elucidate how various drugs and genetic manipulations modulate affective experience. While
vocalizations emitted under distress conditions can elicit fear in the mice that hear these calls, it remains unknown
whether the highly variable calls emitted under more affiliative conditions are responsive to changes in
environment. In this study, we recorded the vocalizations of juvenile (PD 30) C57B1/6] mixed-sex dyads that were
reunited after 15 minutes of social separation. During separation, the female mouse was transferred to either a
large cage that was ‘enriched’ by a variety of novel objects or was transferred to a large cage that contained only
bedding. When the mice were subsequently reunited, females that were exposed to the ‘enriched’ environments
elicited higher levels of social approach than females from standard cage environments. There were also
substantial differences between USVs emitted during dyadic encounters when females returned from the distinct
environments. USV quantity, duration and patterns of frequency modulation were reproducibly distinct between
treatments. The observation that vocalizations among mice can sensitive to differences in the experience of one
member of a dyad suggests that USVs play a role in mouse communication.
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Rodent ultrasonic communication - Brain mechanisms underlying social
approach behavior

Markus Wéhr!

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

Mice and rats emit distinct types of ultrasonic vocalizations (USVs), which serve as situation-dependent affective
signals. In the rat, three USV types are known: 1) 40-kHz-USVs, emitted by pups when isolated from mother and
littermates; 2) 22-kHz-USVs, emitted by juvenile and adult rats in aversive situations such as fear-conditioning or
social defeat; and 3) 50-kHz-USVs, emitted by juvenile and adult rats in appetitive situations such as rough-and-
tumble play, mating or when tickled playfully. In the mouse, similar USV types exist — with the exception of 22-
kHz-USVs that are not present in mice. Currently, USVs predominantly serve as measures for the rodent’s
affective state as it is widely believed that the distinct USV types reflect positive and negative affective states,
respectively.

In behavioral, pharmacological and neuronal studies, evidence was provided that USVs serve communicative
purposes. It is known for a long time that40- kHz-USVs elicit maternal search and retrieval behavior. More
recently, however, it was demonstrated that also 22-kHz-USVs and 50-kHz-USVs induce call-specific behavioral
responses in the receiver. While 22-kHz-USVs induce freezing behavior, indicating an alarming function, 50-kHz-
USVs induce social approach behavior, supporting the notion that they serve as social contact calls. The opposite
behavioral responses are paralleled by distinct patterns of brain activation. While 22-kHz-USVs induce activation
in amygdala and periaqueductal gray, 50-kHz-USVs are followed by activation in the nucleus accumbens, an area
where opioids exert their effects on social behavior. As shown in pharmacological studies, social approach
behavior in response to 50- kHz-USVs is regulated by the endogenous opioid system. Thus, enhanced social
approach behavior was found in morphine treated rats, whereas naloxone treatment caused its reduction. Social
approach behavior in response to 50-kHz USVs further depends on social interactions during adolescence as no
preference towards 50- kHz-USVs was found in rats exposed to long -term post -weaning social isolation,
highlighting the importance of social experience during adolescence for affiliative behavior.

Measuring USV production and the behavioral responses to USVs provides therefore an unique tool to study
communication in rodents. This is especially relevant when applying rodent models to elucidate genetic,
biochemical and neuroanatomical factors underlying neuropsychiatric disorders characterized by social and
communication deficits such as depression, schizophrenia and autism. In a series of experiments, the BTBR T+tf/J
mouse model of autism was found to display an unusual pattern of USV categories as pups and an untypical lack
of USVs in adulthood. Thus, adult male BTBR T+tf/J mice displayed not only low scent marking behavior but also
minimal USV responses to female urine obtained from both C57BL/6J and BTBR T+tf/J females. This indicates
that the BTBR T+tf/J mouse model of autism incorporates phenotypes relevant to the second diagnostic symptom
of autism, communication deficits, along with its strong behavioral phenotypes relevant to the first and third
diagnostic symptoms, impairments in social interactions and high levels of repetitive behavior. Together, these data
support the relevance of USVs for rodent models of neuropsychiatric disorders characterized by social deficits.
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Rodent ultrasonic vocalizations as a valuable readout in animal models
of psychiatric diseases

Kurt Hammerschmidt!
German Primate Center, Cognitive Ethology Lab, Kellnerweg 4, 37077 Gottingen, Germany

The last years have shown an increased interest in mouse ultrasonic vocalizations (USV) as readouts in animal
models of psychiatric disease. However, until now the research has mainly focused on male mice courtship songs
and many studies restricted themselves to counting the number of calls. Recent studies have shown that it can be
an important improvement to include the structural features of USVs. Further it could be shown that it is possible
to use the resident-intruder paradigm to elicit USVs also from female mice. We modified the classic resident-
intruder design in the way that we placed an anaesthetized intruder in the resident ‘home’ cage. In this way we
were able to circumvent the major disadvantage of rodent USVs that it is not possible to determine the caller by
call accompanying behavior (e.g. open mouth) or a technical solution, like phase differences. The results showed
that female mice produce similar call sequences during resident-intruder encounters as male mice produce during
courtship encounters, implicating that male mice courtship songs may be not as unique as thought. In addition
both, females and males, produced comparable USVs in response to anaesthetized intruders, which makes this
design an important alternative in using USVs as behavioral readouts. In this talk I present results showing that a
detailed acoustic analysis together with the described design improvements is helpful to characterize disease
specific behavior.
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Gene-environment interaction and response to ambient CO2: an animal
model for panic disorder

Francesca R D'Amato!

1CNR, Neuroscience Institute, Behavioral Neuroscience, Via del Fosso di Fiorano 64, 00143 Roma, Italy

It is now clear that mental disorders are multifactorial conditions, caused by many elements of genetic and
environmental origin that act independently or in interplay. Panic disorder/agoraphobia (PD) -and its precursor in
childhood: separation anxiety disorder (SAD) - constitute common (5% -6% of prevalence) and debilitating
illnesses. Decisive contributions has been provided showing that some specific responses (hyperventilation, acute
anxiety) to stimulation with CO2 -enriched air mixtures, observed in people at heightened risk for PD/SAD,
constitute a valuable tool that can be transferred to the laboratory to dissect the nature of these disorders. On the
basis of this endophenotype we developed an animal model of PD in mice, based on the disturbance of mother-
infant bond during development.

After having spent the first 24 hours after birth with their biological mother, outbred NMRI mice were cross-
fostered to adoptive mothers for the following 4 post -natal days. They were successively compared to normally-
reared individuals for: number of ultrasonic vocalizations during isolation, respiratory physiology responses to
normal air (20% O2), hypercapnia (6% CO2 -enriched air), hypoxia (10%QO2 air ), and avoidance towards CO2-
enriched environments. Cross -fostered pups showed significantly more ultrasonic vocalizations during isolation,
more pronounced hyperventilatory responses (larger tidal volume and minute volume increments) during
hypercapnia, and heightened aversion towards CO2-enriched environments than normally-reared individuals.
Enhanced tidal volume increment during hypercapnia was present at 16-20, and 75- 90 postnatal days, implying
trait’s stability. Quantitative genetic analyses of unrelated individuals, sibs and half-sibs, showed that the genetic
variance for tidal volume increment during hypercapnia was significantly higher (Bartlett ¥=8.3, p=0.004) among
the cross-fostered than the normally-reared individuals, yielding heritability of 0.37 and 0.21 respectively.
Maternal grooming/licking behaviour, and corticosterone basal levels did not differ between cross-fostered and
normally-reared individuals.

The use of an endophenotype in this animal model of PD allows to further investigate the causal mechanisms that
connect environmental adversities occurring in sensitive periods of development to health status in childhood and
early adulthood.
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| s stress always bad for the brain?

Eberhard Fuchs!

!German Primate Center, Clinical Neurobiology, Kellnerweg 4, 37077 Géttingen, Germany

When Hans Selye formulated his stress theory about 70 years ago, stress was thought to have a merely endocrine
character, and noxious stimuli of physical or chemical nature were the primary stressors discussed in those days.
Subsequent research, however, demonstrated that psychological stimuli are also strong activators of the endocrine
system and there was increasing evidence that ‘stress hormones’ such as adrenocorticotropin and adrenocortical
steroids profoundly influence brain excitability. Since than, great progress has been made to understand the
biology of stress reactions as well as the physiological and behavioral alterations that occur as a consequence of
exposure to challenging events in the environment. Today the stress response is regarded as an alarm system which
is initiated whenever there is a discrepancy between what an organism is expecting and what really exists.
Uncertainty, lack of information or loss of control induce alarm reactions whereas the presence of social support,
information and control reduce such alarm reactions. Therefore, the stress response per se is not harmful or
pathological in itself. Only when demanding, prolonged and sustained, or when an individual’s predisposition
hinders an adaptive stress response, body and brain homeostasis will be threatened, and health may be endangered.
Since this is a consistent finding across species including man, it is important to understand the relationship
between stressors and diseases.

The brain is the key organ to guide stress responses because in that it ‘decides’ what is stressful and subsequently
initiates the physiological and behavioral responses. Within the brain, the stress response is mediated through in-
concert activity of many areas and there is experimental evidence that chronic stress in rats induces structural
changes in neural networks, as e.g. detected in hippocampus, prefrontal cortex and amygdala. Within the
hippocampal formation, stress exposure remodels dendrites of the CA3 pyramidal neurons and reduces numbers of
synapses on these neurons. Furthermore, stress inhibits adult neurogenesis in the dentate gyrus and modulates the
GABAergic system. In the prefrontal cortex, chronic stress causes pronounced dendritic remodeling of pyramidal
cells and suppresses gliogenesis whereas in the amygdala, stress can elicit dendritic hypertrophy. These
microscopically detectable changes in cell structures indicate a reorganization of neural networks. Moreover,
molecular studies demonstrate that stress modulates expression of genes involved in neuronal differentiation and/or
structural remodeling.

Since a wealth of data documents the adverse effects of stress on emotions and cognition, these alterations are
commonly interpreted as the deleterious effect of (chronic) stress on the central nervous system. However, it is
also possible that at least part of these changes reflect adaptive responses, as the network system rearranges its
connections in order to cope with the changing requirements from the internal or external environment. Future
studies should clarify which of the today known stress-induced central nervous events constitute adaptive
processes and which are pathological.
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Fear isonly in our minds: A novel animal model for claustrophobia

Ahmed El-Kordil, Konstantin Radyushkinl, Hauke Wernerz, Klaus-Armin Navez, Hannelore
Ehrenreich!

'Max Planck Institute of Experimental Medicine, Division of Clinical Neuroscience, Gottingen, Germany, 2Department of Neurogenetics,
Max Planck Institute of Experimental Medicine, Gottingen, Germany

Anxiety disorders are among the most common mental health conditions and cause a substantial functional and
social impairment. Phobias (specific anxiety disorders) inflict significant social stress and burden. Their genetic
and neurobiological roots are as yet poorly studied. Here we show for the first time a genetic animal model,
leading to a behavioural phenotype reminiscent of claustrophobia in humans. A novel strain of mutant mice,
created by gene targeting, exhibit overall normal sensory capabilities and basic behaviour. However, they
demonstrate an abnormal pattern of avoiding and escaping closed spaces. Interestingly, this abnormal behaviour is
remediated after ‘exposure therapy’, i.e. repeated confrontation with closed space. Taken together, the here
presented animal model is the first showing potential genetic contribution to claustrophobia. This knowledge may
open new approaches to treating anxiety disorders and will help to understand how behavioural therapy affects
brain functions.
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| nvestigations into molecular role of Leucine-rich repeat kinase 2 in
disease models

Wright J acobl, Rafael Klosowski2, Stephanie Putzz, Bernhard Hovemannz, Rolf Heumann!

Molecular Neurobiochemistry1 and Molecular Cell Biochemistryz, Faculty of Chemistry and Biochemistry, Ruhr-University Bochum,
Germany, D-44801

Leucine-Rich Repeat Kinase 2 (LRRK?2) is a multifunctional protein carrying domains with homologies to Ras
and MAPKKK. Mutations in the LRRK2 gene, are the most prevalent genetic cause of Parkinsonism. The
reduction in viability of neuroblastoma SH-SYSY cells and of cortical neurons by disease related LRRK2 mutants
(R1441C and G2019S) was strongly attenuated, through constitutively active Vall2 Ha-Ras expression.
Furthermore, expression of activated Ha-Ras in cortical neurons completely rescued the adverse effects caused by
mutant LRRK?2 expression on primary neurite length and branching points. Application of effector-region specific
mutants of Vall2 Ha-Ras (Y40C, T35S) suggests that, the PI-3 kinase but not the Ras/sMAPK is involved in the
rescue pathway. Endogenous neuronal Ras activity is not affected by mutant LRRK2 indicating that the disease
causing mechanism is not related to Ras signaling.

The protein -protein interactions and pathways involved in LRRK2 -mediated signalling remain elusive. Utilizing
yeast-two hybrid, biochemical techniques, mass spectrometry and disease model this study identified and
described the association between LRRK2 and protein phosphatase 2A(PP2A). The Roc or GTPase-like domain of
LRRK2 is sufficient and essential for association with PP2A. This interaction occurs in a guanine nucleotide
dependent manner, suggesting that PP2A may be an effector of the LRRK2 GTPase domain. The LRRK2
pathogenic mutant retains interaction with PP2A, suggesting that disruption of this interaction is not likely the
mechanism whereby mutation leads to disease. Okadaic-acid (OA) and RNAi mediated inhibition of PP2A
augmented LRRK2-induced cell death. Mass-spectrometry analysis of LRRK2 revealed rearrangement of
phosphosites on PP2A inhibition. Several confirmed and putative LRRK2 interactions were identified using
Parkinson's disease models. These models may provide useful for understanding the role of LRRK2 in human
physiology and disease.

A Drosophila model for LRRK2-linked parkinsonism was created using GAL4/UAS system expressing either
wild-type human LRRK2 or LRRK2-R1441C. Expression of either wild -type LRRK2 or of LRRK2-R1441C in
dopaminergic neurons caused their significant loss. Expression of mutant human LRRK2-R1441C caused a more
severe parkinsonism-like phenotype than wild-type LRRK2 expression. In conclusion, our data suggest that Ras is
a novel therapeutic target for attenuating disease related mutant LRRK2 -induced neurodegenerative effects and
Drosophila model recapitulated LRRK2-linked pathogenesis.
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A WORM MODEL OF TAUOPATHY

Polychronis Fatourosl, Jeelani Pir Ghulamz, Eckhard Mandelkowz, Eva-Maria Mandelkowz,
Jacek Biernatz, Ralf Baumeisterl, Enrico Schmidt!

nstitute of Biology I1I, ZBSA, Albert Ludwig University of Freiburg, Germany
ZMax Planck Unit for Structural Molecular Biology, 22607 Hamburg, Germany

The Microtubule-Associated-Protein Tau is found mutated in several neurodegenerative diseases. Under
pathological conditions, Tau gets hyper-phosphorylated and forms intracellular aggregates. Deletion of K280 was
found by the Mandelkow group to enhance the aggregation propensity of Tau and is a mutation present in patients
with FTDP -17. In contrast, two Isoleucine -to-Proline substitutions in the hexapeptide motifs of Tau confer anti-
aggregation properties. In this study we established a C. elegans model of Tauopathy by expressing pro- or anti-
aggregating Tau fragments, along with full length human Tau, from a pan-neuronal promoter. This resulted in
accelerated Tau pathology in the pro-aggregation transgenic lines, manifested by progressively impaired motility in
young adult animals, neuronal defects such as axonal gaps and varicosities, as well as less pre -synaptic termini
along the dorsal cord. In addition, preliminary data show that axonal transport of mitochondria is impaired in the
pro-aggregation lines as well. The control lines expressing the anti-aggregation variants of Tau shows some mild
defects only at older age. In collaboration with the MEMOSAD partner Senexis, we have tested a novel compound
which can dissolve aggregated Tau in vitro and we observed a significant improvement of the movement defect in
our model. In order to identify new modulators of the Tau pathology, we carried out a genome-wide RNAI screen
for suppressors of the motility defect. We uncovered some novel potentially interesting genes that when knocked-
down alleviate Tau pathology in our model. Further validation of these candidates is under way and a cross-test in
a mammalian system is in progress.
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Drosophila Glued, a genetic model for the identification of new genes
involved in axonal transport and neur odegener ative processes,

Patrick Callaertsl’z, Els Janssens!»

1Laboratory of Behavioral and Developmental Genetics, Flanders Institute for Biotechnology (VIB)

2Laboratory of Behavioral and Developmental Genetics, Department of Human Genetics, University of Leuven, 3000 Leuven, Belgium

Motorneurodegenerative diseases are all characterized by the degeneration of specialized motorneurons, which
results in progressive weakness and wasting of muscles. Recently, pathogenic mutations were found in genes
important for axonal transport, thereby identifying the axonal transport machinery as a potentially important
mediator in neurodegenerative disorders. We used the Drosophila dynactinl (DCTN1) homolog, Glued, to
characterize a possible role of Glued-interacting genes in motorneurodegeneration. We found that the dominant

mutation Glued? can serve as a mechanistic model for axonal transport defects. Gl ued! mutants show progressive
decline in motor activity and characterization of these mutants revealed morphological and neurodegenerative
hallmarks. One known Glued-interacting gene is DLisl, the Drosophila homolog of LIS1. Mutations in human
LIS1 are associated with classical Lissencephaly, a congenital brain disorder, but no association has yet been
found between LIS1 and motorneurodegeneration. We found that reduced levels of Lisl delay onset of the

progressive motorphenotype of Gl ued! mutants. Our results suggest that a stoichiometric balance between dynactin
and Lisl is important for proper function of axonal transport and that disturbing this balance might accelerate
degenerative phenotypes.

A genetic modifier screen identified several interacting genes. All genes seem to play a role in pathways that have
previously been linked to neurodegeneration, i.e. RNA processing, transport and degradation processes. In this

study we show that, by using the Glued! mutant as a model, it is possible to identify new modifier genes with a
possible role in axonal transport and/or (motor)neurodegeneration. These novel insights also identify possible new
avenues towards treatment.
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Exploring Neurodegeneration in transgenic Zebrafish

Dominik Paquetl, Ratan Bhatz, Eva-Maria Mandelkow? , Reinhard Késter4, Bettina Schmidl,

Christian Haass!

IDZNE - German Center for Neurodegenerative Diseases, Munich & Adolf-Butenandt-Institute, Ludwig-Maximilians-University, Munich,
Germany

2 AstraZeneca R&D, Sodertilje, Sweden
3Max-Planck-Unit for Structural Molecular Biology, Hamburg, Germany
4HelmholtzZentrum Munich, Institute of Developmental Genetics, Neuherberg-Munich, Germany

Our ageing society is confronted with a dramatic increase of patients suffering from Tauopathies, which include
Alzheimer's disease and certain types of Frontotemporal dementia. These disorders are characterized by typical
neuropathological lesions including hyperphosphorylation and subsequent aggregation of Tau protein and neuronal
cell death. Currently, no mechanism-based cures are available. Genetically modified animals are invaluable models
to understand the molecular mechanisms of pathology and screen for disease-modifying compounds. In an
approach to model Tauopathies in a non- murine vertebrate animal model, we have generated the first Tau-
transgenic zebrafish. Zebrafish larvae are ideally suited for both in vivo imaging and drug development due to
their optical transparency and small size. Therefore, Tau-transgenic fish could be important tools to better
understand the pathology of Tauopathies and develop treatment approaches.

The fish rapidly recapitulate key pathological features of Tauopathies including phosphorylation and
conformational changes of human Tau protein, tangle formation, as well as neuronal and behavioral disturbances
and cell death. We could already demonstrate for the first time that tau-induced neuronal cell death can be imaged
by time-lapse microscopy in vivo. Furthermore, we used our fish-model to identify new compounds targeting the
Tau-Kinase GSK38, since phosphorylation of Tau is believed to be a trigger for disease progression. We identified
a novel highly active GSK38 inhibitor, which was developed by rational drug design and validated for in vivo
activity in the transgenic fish model. Currently, we are establishing assays to study early disease associated
processes in zebrafish neurons, such as axonal transport deficits, by in vivo imaging in the zebrafish CNS.
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FROM MICE TO MEN: TARGETING AMYLOID PATHOLOGY
WITH ABETA IMMUNOTHERAPY

Roger M. Nitsch!

1Ziirich, Switzerland

No abstract available
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M ouse models of demyelinating diseases

Klaus-Armin Nave!

1Department of Neurogenetics, Max Planck Institute of Experimental Medicine, Goettingen, Germany

In virtually all nervous systems, long axons engage with glia cells. However, the mechanisms by which neurons
and glia communicate troughout life are not well understood. In the CNS, there is increasing evidence that
oligodendrocytes support long-term axon function and survival, which is noz only relevant for human myelin
diseases, such as multiple sclerosis (MS), but also other neurodegenerative disorders. Patients with MS suffer from
slowly progressive loss of axons in inflammatory demyelinating lesions. This raises the question whether
inflammation, demyelination, oligodendrocyte dysfunction, or any combination thereof is the underlying cause of
axonal failure. Acute inflammation, such as in EAE mice, perturbs the energy balance of demyelinated axons.
However, genetic observations suggest that oligodendrocytes themselves maintain long -term axonal integrity,
independent of myelination and inflammation. Moreover, genetic defects of oligodendrocytes not only cause axon
loss, but can trigger a secondary inflammation that includes the invasion of activated CD8+ T cells into white
matter. The molecular mechanism of how oligodendrocytes support axon function are not well understood. The
phenotype of axonal swellings and Wallerian degeneration in mouse models resembles those in patients with
mitochondrial defects. To study possible contributions of oligodendrocytes in maintaining the axonal energy
balance in myelinated fibers, we are generating and studying novel mouse models lacking specific organell
functions in myelinating glial cells.

Supported by DFG (SFB/TR43), EU-FP7 (Neuropromise, Leukotreat), BMBF (Leukonet), and an ERCAdvanced
Investigator Grant.
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Melodies of developing cortical networks

Heiko J. Luhmann!

nstitute of Physiology and Pathophysiology, University Medical Center of the Johannes Gutenberg University Mainz, Duesbergweg 6, D-
55128 Mainz

During early stages of development, immature neuronal networks in different brain regions (retina, hippocampus,
cerebral cortex etc.) show distinct patterns of spontaneous and evoked electrical activity (Khazipov and Luhmann,
2006). In conventional in vitro brain slice preparations of the developing cerebral cortex, these patterns have been
termed "cortical songs" (Ikegaya et al., 2004). We provide evidence that distinct spontaneous and stimulus-evoked
network patterns can be also observed under highly artificial conditions in developing networks of dissociated
neurons (Sun et al., 2010), as well as in the cerebral cortex of immature rats in vivo (Yang et al., 2009). The
molecular and cellular mechanisms underlying these early activity patterns (Dupont et al., 2006) and the role of
certain neurons acting as "hub stations" will be discussed (Kanold and Luhmann, 2010).

Dupont E, Hanganu IL, Kilb W, Hirsch S, Luhmann HJ (2006) Rapid developmental switch in the mechanisms
driving early cortical columnar networks. Nature 439:79-83.

Ikegaya Y, Aaron G, Cossart R, Aronov D, Lampl I, Ferster D, Yuste R (2004) Synfire chains and cortical songs:

temporal modules of cortical activity. Science 304:559-564.
<

Kanold PO, Luhmann HJ (2010) The subplate and early cortical circuits. Annu Rev Neurosci 33:23-48.

Khazipov R, Luhmann HJ (2006) Early patterns of electrical activity in the developing cerebral cortex of human
and rodents. Trends in Neurosciences 29:414-418.

Sun JJ, Kilb W, Luhmann HJ (2010) Self-organization of repetitive spike patterns in developing neuronal networks
in-vitro. Eur J Neurosci in press.

Yang JW, Hanganu-Opatz IL, Sun JJ, Luhmann HJ (2009) Three patterns of oscillatory activity differentially
synchronize developing neocortical networks in vivo. J Neurosci 29:9011-9025.
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Optogenetic analysis of small neuronal networksin Caenorhabditis
elegans

Alexander Gottschalk -2

1Goethe Universitét, Frankfurt, Germany

Understanding how neuronal networks generate behaviour is of key interest in the neurosciences. We analyze
simple neuronal circuits that generate behaviour in the nematode C. elegans, which has only 302 neurons with
precisely known physical connectivity. To analyze individual neurons within circuits, we use optogenetic methods.
Neurons are genetically modified to express light-gated ion channels or pumps (Channelrhodopsin-2,
Halorhodopsin, Bacteriorhodopsin), allowing depolarization or hyperpolarization of the respective neuron by
illuminating it with light of different colours. Since C. elegansis transparent, this is done completely non-
invasively, in freely behaving animals.

To achieve cell-specific expression, we use combinations of promoters with expression patterns overlapping in the
cell of interest only, by Cre or FLP recombinases. In cases where this is not possible, we use structured
illumination, in freely moving animals, to activate just the neuron of interest. Neuronal signalling in the circuit is
also analyzed by electrophysiology, coupled with photo-stimulation of the neurons of interest. However, the latter
requires dissection of the animals, so observations here can only indirectly be correlated to behaviour.

Circuits under study involve sensory neurons (mechanosensitive and nociceptive), as well as the downstream
command interneurons that integrate the sensory signals to evoke escape responses, in turn executed by motor
neurons. We could recapitulate signalling in the sensory-interneuron network in freely moving animals
optogenetically, i.e. optically activating sensory or command neurons, but also optically blocking escape responses
induced by optical stimulation of mechanosensors. We find that mechanosensors for gentle stimuli show
pronounced habituation to repeated photo-stimulation, just as for their natural mechanosensitive responses.
However, neither chemo - nor mechano -nociceptive neurons show appreciable habituation. Interestingly, also the
interneurons that integrate several sensory inputs show no or only very little habituation, yet, cross-modal
habituation appears to occur: repeated photo-stimulation of chemo-nociceptive neurons causes a (partial)
habituation also of the mechanical response in mechanosensory neurons.

Lastly, we study the circuitry downstream of the command neurons. These cells innervate the motor neurons,
which in turn cause coordinated locomotion by contralateral excitation and inhibition of muscle cells. Repeated
units of motorneurons are found along the worm’s body, and these may represent local pattern generators. The
motor neuron units are all innervated by the same command interneuron, thus interneuron activity triggers activity
in the motor units simultaneously (and not sequentially). Therefore it is not clear how activity between adjacent
motor units is coordinated. We find that photoactivation of command neurons evokes activity patterns, sometimes
even rhythmic, in the motor neurons, as evidenced by electrophysiology. Our findings speak for several
independent pattern generators, as opposed to a central pattern generator; coordination of motor units may be
achieved by mechanical feedback from the neighbouring body segment.
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SENSORY MAP FORMATION IN THE DROSOPHILA BRAIN

Thomas Hummell, Ozkan Aydemirl, Anna Brochtrupl, Britta Kuhlmann !

I'Westfilische Wilhelms-Universitdt, Institut fiir Neurobiologie, Badestr. 9, 48149 Miinster, Germany

In the olfactory system, sensory neurons are characterized by the expression of a single type of odorant receptor
(OR) and axonal connections to a single synaptic glomerulus, thereby providing the anatomical basis for odor
recognition in the brain. In contrast to the mouse olfactory system, the Drosophila odorant receptors are
dispensable for the development of sensory and synaptic specificity, raising the question of how these two
differentiation programs are coordinated.

In a mosaic screen for genes that control Drosophila olfactory receptor neuron (ORN) differentiation we identified
several transcription factors that regulate distinct aspects of ORN differentiation. Here we describe the functional
characterization of Psc and Sequoia in the specification of three lineage-related ORN classes. In Psc mutants these
three ORN classes show a mixing of their axonal projection inside their synaptic glomeruli and a switch in OR
expression. Interestingly, the level of Psc in ORN precursors determines OR class identity. In contrast to the
specific switch in OR expression in Psc mutants, loss of Sequoia leads to the co-expression of two ORs in a single
sensory neuron. Double mutant analysis suggests that Psc and Sequoia function in a sequential manner in ORN
development, in which Psc determines the OR ground state and Seq subsequently restrict the expression to a
single OR type. Interestingly, in the Drosophila visual system, Psc and Sequoia control photoreceptor neuron
differentiation in a mechanism distinct from the one identified in ORNSs, providing new insights into how genes
establish region-specific sensory maps in the brain.
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Sending signals from the synapse to the nucleus

Michael R. Kreutz!, Anna Karpoval, Marina Mikhaylova1

PG Neuroplasticity, Leibniz Institute for Neurobiology, Brenneckestr.6, 39118 Magdeburg, Germany

The activation of N-Methyl-D-aspartate (NMDA) -receptors at synaptic and extrasynaptic sites impacts opposite
occurrences. While synaptic NMDA-receptors provide plasticity and cell survival signals, recent studies have
provided strong evidence that their extrasynaptic counterparts trigger neurodegeneration in various brain disease
states. This fundamental dichotomy in terms of cell signaling is reflected by a fundamentally different gene
expression. At present, however, it is essentially unclear how plasticity and survival as compared to degenerative
signals are transduced to the nucleus. We now show that Jacob is a protein messenger that enters the nucleus
following activation of both types of receptors and induces either cell death or survival depending on the
phosphorylation of a serine at position 180 by the MAP -kinase ERK. In both cases the nuclear accumulation of
Jacob requires signaling of NR2B -containing NMDA -receptors. However only synaptic NR2B -receptors induce
the phosphorylation of Jacob at this crucial position and the trafficking of Jacob from synaptic and distal dendritic
sites after activation of synaptic but not extrasynaptic NR2B -receptors depends upon ERK-phosphorylation. The
nuclear overexpression of a phospho -mimicking mutant of Jacob prevents cell death after extrasynaptic NMDA-
receptor activation and induces the expression of plasticity-related genes. The Janus face of Jacob is based on
MAP-kinase activity and ERK-dependent phosphorylation decides whether Jacob is a messenger of cell survival or
cell death after activation of synaptic or extrasynaptic NR2B-containing NMDA-receptors.



Gottingen Meeting of the German Neuroscience Society 2011 s at_ 5

Therole of chromatin plasticity in neuropsychiatric diseases

Andre Fischer!

1Laboratory for Aging and Cognitive diseases, European Neuroscience Institute Gottingen, Grisebachstr. 5, 37077 Géttingen

The remarkable capability of the nervous system of animals to adapt their behavioral responses to ever-changing
environmental conditions is thought to rely on the plasticity of neuronal circuits and synaptic connections.
Cognitive function also critically depends on differential gene -expression that is required to shape neuronal
circuitries. The availability of genes for transcription involves chromatin remodeling via epigenetic mechanisms.
Especially, epigenetic mechanisms such as DNA methylation and histone acetylation have been shown to be
important for memory processes in the adult brain. There is now accumulating evidence that altered chromatin
plasticity and histone acetylation are also involvedin cognitive funtion, age -associated memory loss,
neurodegeneration and neuropsychiatric diseases. Histone deacetylase (HDAC) inhibitors exhibit neuroprotective
and neuroregenerative properties in animal models of various brain diseases. As such, targeting of HDACs seems
to be a promising therapeutic strategy. In this presentation, we will present novel data on the specific roles of
individual HDAC proteins and the possible function of distinct histone modifications in the adult brain. As such, a
specific emphasis will be on the role of selective epigenetic processes during memory function and brain diseases.
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Stonin2-dependent endocytic sorting of synaptotagmin 1 provides
evidence for loss of synaptic vesicle identity during exo-endocytosis

Natalia L. Kononenkol’z, Tanja Maritzenz, Seong Joo Kooz, M. Kasim Dirilz, Nadja Jungz,
Volker Haucke !

nstitute of Chemistry and Biochemistry, Department of Membrane Biochemistry, Freie Universitit Berlin, 14195 Berlin, Germany

2Charite University Medicine Berlin, Neurocure, Germany

Synaptic transmission depends onthe regulated exo -endocytosis of presynaptic vesicles (SVs), specialized
organelles that store and secrete non-peptide neurotransmitters. How precisely SV identity is maintained over
multiple rounds of vesicle cycling has been debated controversially. Whereas some studies have suggested that
SVs maintain their identity during exo-endocytosis others have suggested intermixing of newly exocytosed SV
proteins with a surface-stranded pool on the presynaptic plasmalemma. Moreover, endocytic mutants analyzed so
far have displayed generalized defects in the endocytic retrieval of SV proteins, suggesting that recycling may
involve clustered SV proteins, in line with data obtained by STED microscopy. We report here on the phenotypic
characterization of knockout mice, lacking the synaptotagmin-specific endocytic sorting adaptor stonin 2. Stonin2
KO mice, although viable and fertile, display signs of progressive degeneration including an abnormal dilatation
of the lateral ventricle and a partial loss of the lateral septum. These defects appear to be caused by the partial and
selective loss of the stonin 2 binding partners AP2 and synaptotagmin 1 from the CA3 region of the hippocampus
of KO animals. These alterations correlate with a strong accumulation of plasma membrane-stranded
synaptotagmin 1 in brain slices of stonin2 KO mice and impaired endocytic retrieval of synaptotagmin-pHluorin
but not synaptobrevin -pHluorin from mutant terminals of postnatal hippocampal neurons in culture. We will
discuss the implications of these and other data for the mechanism of SV retrieval at central synapses in the
mammalian brain.
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Synaptic transmission relies on effective and accurate compensatory endocytosis. F-BAR proteins are predestined
to serve as membrane curvature sensors and/or inducers thereby supporting membrane remodeling processes - yet,
these functions remained to be tested in vivo. To analyze F-BAR domain functions and their requirement in
vesicle formation processes in vivo we have set out to generate a knockout mouse of the brain specific F-BAR
domain containing protein syndapin I.

Our data demonstrate that the F-BAR protein syndapin I is crucial for proper brain function, as knockout mice
suffer from altered hippocampal network activity manifesting in epileptic seizures. Loss of syndapin I causes
defects in presynaptic membrane trafficking processes evident by loss of synaptic vesicle size control and
accumulation of endocytic intermediates most striking upon high -capacity retrieval. Our detailed molecular and
mechanistic analyses furthermore show that syndapin I acts as pivotal membrane anchoring factor for dynamins in
the regeneration of synaptic vesicles. Syndapin I thus plays a crucial role in the correct and timely recruitment of
the vesicle fission machinery particularly during high -capacity retrieval indispensable for proper function of the
mammalian brain.
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DEFINING THE NEURONAL CIRCUITRY OF FEAR

Andreas Liithi!

IBasel (Switzerland)

No abstract available
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Altered densities of defined GABAergic interneuron populationsin
polysialic acid-deficient mice

Tim Krécherl, Iris Récklel, Birgit Weinholdl, Hannelore Burkhardtl, Herbert Hildebrandt!+2

'Hannover Medical School, Institute of Cellular Chemistry, Carl-Neuberg-Str. 1, 30625 Hannover, Germany

2Center for Systems Neuroscience (ZSN) Hannover

The neural cell adhesion molecule NCAM and its posttranslational modification with polysialic acid (polySia) are
major determinants of cellular interactions during brain development and plasticity. Polysialylation of NCAM is
implemented by the two polysialyltransferases ST8Siall and ST8SialV. In humans, variations in the genes for
NCAM and ST8Siall have been linked to schizophrenia. Genetic ablation of ST8Siall and ST8SialV 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 brain regions relevant to the pathophysiology of
schizophrenia. Densities of cells immunoreactive for major interneuron markers were comparatively analyzed in
the forebrain of S8sia2 and S8siad single and double knockout mice. Pronounced but distinct alterations of
different GABAergic interneuron subtypes were detected in the prefrontal cortex, hippocampus and olfactory bulb
of these mouse lines with different degrees of polySia-deficiency during brain development. The findings reveal
that compromised polysialic acid synthesis causes aberrations of defined interneuron subtypes, which are
reminiscent to neuropathological findings in schizophrenia.
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Brain regeneration potential is directly linked to adult neurogenesisin
zebr afish
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1Biotechnolog.;y center/Center for Regenerative Therapies Dresden, TUD, Tatzberg 47, 01307 Dresden, Germany

2Dipatimento di Biologia dell’Universita degli Studi di Padova, Via U. Bassi 58b, 35131 Padova, Italy

It is well established that the mammalian brain has very limited regeneration capacity. In contrast to mammals,
bony fish can regenerate parts of their CNS, such as spinal cord and retina, but it is unclear if fish can regenerate
different parts of the brain. Fish display widespread life -long neurogenesis. However, it is not known if all brain
progenitor cell types persist throughout the adulthood and if all cell types are produced.

To address this we used the zebrafish cerebellum and cerebellar lesions as a model to study the regeneration
capacity of zebrafish CNS and to understand if endogenous progenitors participate in the regenerative process. By
using transgenic zebrafish and molecular markers we show that endogenous progenitor availability and potential
are the major determining factors for CNS regeneration outcome in zebrafish. We found that rhombic lip derived
progenitors remain active throughout life while ventricular zone derived progenitors show a significant loss of
activity and potential during juvenile stages. Importantly, neither are all cerebellar cell types are produced nor do
all cerebellar progenitor types remain active throughout life. Surprisingly, after cerebellar lesion only the cell types
that are normally produced in the adult cerebellum were regenerated. This shows that the cerebellar progenitors
remain committed to produce fixed lineages of cells even after injury. There is no evidence for de-differentiation
of progenitors during regeneration. This is in contrast to other regenerating tissues in zebrafish were de-
differentiation or epimorphic regeneration of lost cell types has been reported. These results illustrate the
importance of understanding neural stem cell heterogeneity and the potential and limits of endogenous neural
progenitors in CNS regeneration. Furthermore, it shows that CNS regeneration potential is closely linked to the
presence of adult neurogenesis.
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Characterization of therole of FoxG1 in Tgf3-dependent neuronal
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Transforming Growth Factor B (TgfB3) is able to induce differentiation in cortical progenitor cells during embryonal
neurogenesis by promoting the expression of p21Cipl, a gene which prevents transition from G1 to S phase, thus
blocking cell cycle progression. In order to do so, TgfB acts by activating Smad proteins, which in turn form a
transcriptional complex with FoxO proteins and activate the expression of target genes. FoxG1, another member of
Forkhead box family, can interact directly with the Smad/FoxO transcriptional complex, inhibiting p21Cipl

expression as well as cortical progenitor cells' differentiation. Thus FoxG1 is antagonising Tgf3 signalling.

TgfBB not only exerts anti-mitotic effects through regulation of p21Cipl expression, but also induces neuronal
differentiation in cortical cells derived from E16.5 mouse brains. However, Tgfl3-induced neurogenesis is inhibited
in cortical cells isolated from E13.5 and in adult stem cells. In order to investigate possible antagonistic effects of
FoxG1 and TgfB3, we studied Tgf3-mediated neuronal differentiation in FoxG1-deficient cortical cells. These data
indicated that loss of FoxG1l at E13.5 mediates the competence to conduct neuronal differentiation upon TgfB3-
signalling. To analyse for genes involved in neuronal differentiation in a TgfB-/FoxGl-dependent manner, we
performed microarray and real time RT-PCR analyses of cortical cells derived from E13.5 FoxG1-knockout mice
and control animals. Among many regulated genes, our data showed a significant increase in p21Cipl levels in
mutant cells. However this increase in p21Cipl expression was related to the loss of FoxG1 expression rather than
to TgfB treatment. Gene expression analyses on cells from FoxG1l knockout mice have also revealed that TgfB3
treatment leads to regulation of many genes implicated in angiogenesis, neuronal differentiation, Wnt signalling
pathway and other important processes. Interestingly, we also found regulation of genes which are expressed in
developing hindbrain and midbrain. Genes with regulations also observable in a conditional FoxG1-cre/TgfBRII
mouse mutant are chosen for further characterisation in vivo using immunohistochemistry and in situ
hybridization.
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Radial glial progenitors (RGPs) produce the majority of cortical neurons, including intermediate progenitors (IPs),
through both direct and indirect neurogenesis. The mechanisms that determine which of these two modes are
engaged are unknown. Here, we show that Smarcc2, encoding the BAF170 subunit of the mSWI/SNF chromatin
remodeling complex, is a Pax6-interacting protein that is transiently expressed in dividing apical RGPs during the
period of massive IP generation. Loss of BAF170 function results in an initial decrease in generation of lower
layer neuronal subtypes followed by an excessive generation of IPs to compensate for this decrease. Moreover,
BAF170 elimination causes overproduction of neurons with upper layer fates. Mechanistically, BAF170
suppresses Pax6- dependent transcription and promotes activity of  Pax6 target  genes involved in
proliferation/specification of IPs. Our findings reveal a molecular mechanism mediated by the SWI/SNF
remodeling complex thatis essential in controlling direct versus indirect neurogenesis decisions, and thereby
shapes the cortical architecture.
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Co-culture of human neural progenitorswith rat hippocampal brain
dices. influence of neural environment on differentiation

Peter Morganl, Andrea Liedmannl, Arndt Rolfs 1, Moritz Frech!

1University of Rostock, Albrecht-Kossel-Institute for Neuroregeneration, Gehlsheimer Strasse 20, D-18147 Rostock, Germany

A fundamental question for cell replacement therapies is how to promote the development of neural progenitor
cells (NPCs) when transplanted into an environment lacking the appropriate developmental cues. With in vitro cell
cultures it is possible to investigate the differentiation of NPCs under well controlled conditions. However, when
transplanted into the brain progenitors are exposed to a very different environment, with a complex extracellular
milieu and mature, active neural networks. How this affects their development is unclear. To examine this we have
characterised the development of human fetal progenitor cells co-cultured with organotypical rat hippocampal
brain slices. This system provides a complex neural environment, while at the same time allowing much greater
control over conditions than would be possible in vivo.

Upon transplantation NPCs formed a distinctive pattern along the region of the hippocampal fissure or stratum-
moleculare/lacunosum-moleculare.  Differentiation into neurons could be detected, demonstrated by
immunocytochemistry for betalll-tubulin and the expression of Nav and Kv currents. However, in contrast to cell
cultures very few cells expressed GFAP. Spontaneous postsynaptic currents could be detected in some cells, and
pharmacologically induced by application of kainate, indicating that NPCs have the ability to form functional
synapses. In contrast, NPCs growing on the membrane away from the slice failed to differentiate and express Nav
or Kv currents, suggesting that it is the slice environment which is inducing differentiation.

These results highlight the potential of interactions with the host environment to regulate the development of
transplanted NPCs, a greater understanding of which will be important if guided differentiation of NPCs in vivo is
to be achieved.
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Contrary resultswith different commercially available CD133
antibodiesin brain tumors. How can results beinterpreted?
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Background:

CD133 (Prominin 1) is a five transmembrane domain glycoprotein, which is widely used for selection of brain
tumor stem cells, although the biological function of CD133 is not well unterstood. It is also used as prognostic
factor in brain tumors. CD133 expression in brain tumor tissue is correlated with poor prognosis. The most used
CD133 antibodies target glycosylated epitopes, which are poorly characterized. Also higher expression of CD133
mRNA indicates the presence of CD133 protein despite the absence of glycosylated epitopes upon cell
differentiation. Here we investigated CD133 antibodies for their applicability for reliable detection of CD133 as
prognostic factor in brain tumors.

Materials and Methods:

Six different CD133 antibodies raised against epitopes mapping within an extracellular domain (both against
glycosylated epitopes and unmodified epitopes) and intracellular domain were used for immunohistochemical
staining and Western Blot analysis in different human brain tumours (meningiomas and gliomas). As positive
control Y79 cell line was used. A human retinoblastoma cell line positive for several stem cell markers including
CD133. As negative control HeLa (Human epithelial carcinoma cell line) was used, which is described as lacking
CD133 expression in literature.

Results:

Immunohistochemical staining of CD133 displayed a wide range of results from strongly positive stainings to no
stainings in the same tissue (meningioma, glioma, mamma -carcinoma and normal kidney tissue) using serial
paraffin sections. One antibody mapping the C-terminus of CDI133 showed no staining in 11 of 36 (31%)
meningiomas, in 9 (25%) meningiomas sporadic cells were stained, in 8 (22%) meningiomas up to 10% of the
cells were stained and in 8 (22%) meningiomas more than 10% of the cells were stained. In contrast one antibody
mapping within the extracellular domain displayed no staining in 20 of 36 (56%) meningiomas and in 15 (42%)
meningiomas sporadic cells were stained. Only one meningioma showed stainings in up to 10% of the cells. In
Western Blot analysis five of six antibodies displayed bands at 97 kDa for positive control Y79 cell lysate and
kidney. One widely used CD133 antibody showed false positive staining for HeLa cell line. Five of six antibodies
showed no stainings for an malignant meningioma cell line, only the CD133 antibody, that showed false positive
staining for HeLa cell line also displayed a specific band for CD133.

Conclusion:

All six analysed antibodies detected CD133 highly inconsistent independent of their extra- or intracellular epitope
localisation. Antibodies displayed both false positive and false negative CD133 expression in distinct controls in
both immunohistochemical stainings and Western Blot. These findings suggest that commercially available
antibodies have a big influence in the obtained results. Therefore conclusions based on only one CD133 antibody
should be examined carefully and verified with confirmed negative and positive controls.
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Differentiation and Survival of Human Neural Progenitor Cellsin self-
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The influence of 3 dimensional (3D) scaffolds on growth, proliferation and finally neuronal differentiation is of
great interest in order to find new methods for cell-based and standardized therapies in neurological disorders, like
stroke, spinal cord injury or neurodegenerative diseases. 3D structures are expected to provide an environment
much closer to in vivo condition rather than 2D cultures.

In this project we used a human neural progenitor cell line, whereat the cells were embedded in the synthetic self-
assembling peptide hydrogel RADA16. Different protocols of culture conditions (2D versus 3D) were compared to
optimize growth and differentiation conditions of the cells. After differentiation, cells were stained for neuronal
markers by standard immunocytochemical methods and total number of positive cells was analyzed by FACS.
Highest amount of betalll-tub positive cells was observed after 4 days of differentiation (3+0.45%) in 2D culture
and after 7 days of differentiation (7+0.76%) in the 3D scaffolds. As the number of neuronal cells decreased over
time in both systems, we additionally performed a quantification of the survival of the cells within the 2D system
as well as in the 3D scaffolds whereat the amount of apoptotic cells was determined. Quantification revealed a
significantly higher proportion (up to a 2.7 fold change after 7 days) of cells in the late apoptosis in the 2D system
compared to the 3D scaffold system. The number of cells in early apoptosis, was not significantly different
between cells cultured in the 2D system and 3D scaffolds. First results indicate that neuronal cells undergo
apoptotic cell death. Further studies will elucidate if this accounts for the higher amount of neuronal cells in the 3D
system or if an increased differentiation is responsible for the differences in 2D cell cultures and 3D scaffolds.



Gottingen Meeting of the German Neuroscience Society 2011 T 1 - 8 A

Effects of neuronal noise and population heter ogeneity on population
coding in electrosensory systems

Jan Grewel, Henriette Walzl, Jan Benda!

1Ludwig-Maximilians-Universitéit Miinchen, Department Biologie II, GroShadener Strasse 2, 82152 Planegg- Martinsried, Germany

The role of noise in neural information processing is still a controversial topic. The notion that intrinsic noise
inevitably degrades information transmission still dominates the debate. However, in a population of spiking
neurons noise can reduce redundancy and/or control the level of synchrony in response to certain stimulus features.
Target neurons may selectively read out synchronous spikes only (coincidence detector) or unspecifically integrate
over all input spikes, thus extract different aspects of the signal that stimulated the population of input neurons. In
this view the amount of noise in a neural system might be optimally tuned to achieve the required signal
processing properties.

Weakly electric fish are an ideal model system for tackling this question experimentally. They have two parallel
electrosensory systems that share a similar architecture and process similar stimuli but exhibit different response
characteristics/variability: the active electrosensory system receiving input from tuberous receptors and the passive
one receiving input from ampullary receptors. Interestingly, the baseline discharge of P-units, the majority of the
tuberous receptors, show a much larger variability of their interspike intervals than the one of the ampullary
receptors. Thus, the target neurons of the respective systems receive input from populations of receptor neurons
that discharge more (ampullary receptors) or less (tuberous receptors) regular.

Furthermore, we observe that both receptor populations show different degrees of heterogeneity. The receptors of
the active electrosensory system vary considerably stronger with respect to their baseline-firing rate and response
variability.

The two subsystems of the electrosensory organ are thus very well suited to allow for a comparative study on the
role of noise and population heterogeneity. We here present, as a first step, recordings from the receptor neurons
of the wave -type fish Apteronotus leptorhynchus and simulations of both systems. We compare basic response
properties of both receptors and address by random amplitude modulations the tuning of both receptor types to
dynamical stimuli and the influence of noise and heterogeneity on coding performance.

Acknowledgements:
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Ephrin-B3 reverse signaling regulates the tangential migration of
cortical interneuronsin the basal telencephalon

Judith Rudolphl, André Steineckel, Geraldine Zimmerl, Jirgen Bolz!

!Friedrich-Schiller-Universitit Jena, Institut fiir Allgemeine Zoologie und Tierphysiologie, Erbertstr. 1, 07743 Jena, Germany

During cortical development most GABAergic interneurons are generated in the medial and caudal ganglionic
eminences of the basal telencephalon and migrate towards the cortex along defined tangential routes, avoiding the
striatum. Early in mouse development interneurons migrate ventrally of the striatum in the intermediate zone
(IMZ), whereas at later stages they preferentially take a dorsal route in the subventricular zone (SVZ) of the basal
telencephalon. This process is regulated by several guidance molecules on the migratory pathway or in flanking
regions, for example by semaphorins and slits which act as repulsive cues for cortical interneurons. Another class
of signaling molecules that is expressed in the basal telencephalon during interneuron migration are Eph receptor
tyrosine kinases and their ligands, the ephrins. As EphB1 is expressed in the developing striatum during the period
of migration, we examined its potential role in repulsion of cortical interneurons from the striatum via reverse
signaling. We first performed grafting experiments, where explants of the medial ganglionic eminence (MGE)
from EGFP -expressing transgenic mice were homotopically grafted into host slices from wild-type littermate
embryos. After blocking ligands or receptors of the B -system, many interneurons invaded the striatal anlage.
Moreover, experiments using the stripe assay revealed that MGE-derived interneurons avoid the EphB1 substrate.
Thus EphB1 repels migrating neurons from the striatum via reverse signaling, i.e. the signaling cascade is
triggered by a cell-bound ligand. To examine which ligand mediates this repulsion, we used siRNA transfection to
selectively downregulate ephrin-B ligands, indicating that the EphB1 response is mediated by ephrin-B3 reverse
signaling. Moreover, our data suggest that Src is required to mediate the repulsive effect of EphB1 on GABAergic
interneurons of the IMZ. Inhibition of Src with PP2 switches the repulsive effect of EphB1 into attraction. In
contrast Src inhibition has no effect on the growth of interneurons of the VZ/SVZ.

Together, these results suggest that ephrin-B3 reverse signaling mediates the repulsive activity of EphB1 that
restricts cortical interneurons from entering the developing striatum and thus contributes to define the migratory
route of cortical interneurons.
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FGF-2 deficiency causes defectsin adult hippocampal neurogenesis,
which are not rescued by exogenous FGF-2

Sandra Wemerl, Klaus Unsickerz, Oliver von Bohlen und Halbach?
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Neurogenesis within the adult brain is restricted to selected areas, one of which is the dentate gyrus (DG). Several
growth factors have been reported to affect neurogenesis in the adult DG. However, a role of fibroblast growth
factor-2 (FGF -2) in adult hippocampal neurogenesis has not been firmly established. We have analyzed
neurogenesis in the DG using in vivo and in vitro approaches, including FGF-2 deficient mice and hippocampal
organotypic slices. FGF -2-/- mice revealed no alterations in the number of phosphohistone H3 positive

proliferating cells, but a significant decrease in the numbers of newly generated neurons identified by NeuroD,
doublecortin and calretinin immunoreactivities. Results obtained with hippocampal slice cultures from FGF-2-/-
mice supported the notion that loss of FGF-2 did not affect cell proliferation, but interfered with differentiation of
new neurons. FGF-2 added to FGF-2-/- slices did not rescue the phenotype suggesting that FGF-2 knockout mice
may be deficient in other factor(s), which may cooperate with FGF-2 in adult neurogenesis, or may have a reduced
pool of stem cells in the adult DG. Although an increase in cell death of neurogenic cells in the FGF-2 deficient
DG could not be specifically demonstrated, there was a massive increase in global cell death in FGF -2-/-
hippocampal slice cultures compared to slices from wt mice. Cell death could not be prevented by addition of
FGF-2 suggesting again that FGF -2 cooperated with additional factors in the maintenance of hippocampal cells.
Neutralization of endogenous FGF-2 in hippocampal slices using specific antibodies did not interfere with
neurogenesis in a short-term (12-day) paradigm. Together, our data suggest that FGF-2 is essentially required for
maturation of new neurons in adult hippocampal neurogenesis, but is likely to operate synergistically in
combination with other mechanisms/growth factors.
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Functional Characterization of Satbl in Neocortical Development

Swathi Srivatsal, Olga Britanova!, Paraskevi Sgourdoul, Victor Talrabykinl’2
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The mammillian neocortex is the most evolved structure in the central nervous system made up distinct neuronal
subtypes. Cell-type specific gene regulation at the level of chromatin organization is an important aspect of such a
cellular differentiation. Satbl and Satb2, sharing 61% amino-acid homology, constitute a family of nuclear
proteins that bind to the matrix attachment regions (MARs) in the DNA, dictating the organisation and structure of
chromatin domains and thereby modulating the transcription potential of multiple genes.

We have previously characterized the expression and function of Satb2 in the developing neocortex. Satb2 is
expressed in callosally projecting neurons of the cortex. In the absence of Satb2 these upper layer neurons lose
their identity and activate a deep layer specific program. These neurons do not contribute to the corpus callosum
but to the corticospinal track instead. In the absence of Satb2, Ctip2 (a gene required for the formation of cortico-
spinal tract) is ectopically expressed in the upper layers.

The role of Satbl has primarily been studied in the context of T-cell differentiation, where it has been shown that
Satbl acts as a global regulator, controlling the spatial and temporal expression of multiple genes and hence
ensuring the proper development of this lineage. We now show that Satbl is expressed in a subset of neurons in
the neocortex. The expression of Satbl is turned on at E16.5 bordering the cortical plate and by early postnatal
stages it is expressed in the mature postmitotic neurons of mainly the deep layers (IV to VI). Our studies on the
Satbl knock -in mice, where Satbl is incorporated into the Satb2 locus so as to deactivate Satb2 completely and
replace its expression with Satbl, has revealed that all the Satb2 loss of function phenotype can be rescued. We
are now interested in elucidating the role of Satbl in nocortical development basing our studies on Satbl
conditional knock-out mice where its expression is preferentially deleted in postmitotic cortical neurons.
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Glial cellsand the development of the central complex in the embryonic
grasshopper Schistocerca gregaria

Michael Hans Loser!, Yu Liul, George Boyan1

IBiozentrum LMU, Developmental Neurobiology AG Boyan, GroBhadernerstr. 2, 82152 Martinsried, Germany

The neuroarchitecture of the central complex of the grasshopper Schistocerca gregariahas been extensively
investigated in the adult and is being increasingly well described at both cellular and molecular levels in the
embryo. Surprisingly little is known about the contribution of glia cells to the developmental program generating
this structure, and this aspect is the focus of the present study. The axonal organization of the early embryonic
midbrain of the grasshopper resembles that of the ventral nervous system (VNC), but at midembryogenesis a
process known as fascicle switching initiates the chiasmal neuroarchitecture characteristic of the mature central
body. At about this time, histological sections, and DAPI staining, reveal cells located at stereotypic locations in,
and around, the neuropilar regions of the developing central complex where neurons are not conventionally found.
Double staining with DAPI and HRP reveal that some of these cells are not neurons, and so could represent glia.
These non-neuronal cells could subsequently be shown via double immunolabelling involving glia-specific
markers (anti -repo, anti- glutamine synthetase) and HRP to in fact represent gliacells. We are currently
investigating the distribution of these cells with respect to the various neuropils of the embryonic central complex.
For example, glia cells putatively migrate to their future sites in the central complex from the pars intercerebralis
and we are currently mapping their distribution and examining their ontogeny using BrdU incorporation and anti-
phosphohistone 3 immunohistochemistry.
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Glycinergic signaling during postnatal neurogenesisin the SVZ

Jean-Claude Platell, Severine Stamboulianl, Frank Zufall!

ISaarland University, Physiology department, Kirrberger Strasse, Bldg. 45.2, 66421 Homburg, Germany

Neurogenesis persists in the brain after birth in two main regions, the hippocampal dentate gyrus and the
subventricular zone (SVZ). The SVZ contains the largest pool of dividing neural progenitors in the adult
mammalian brain. These Neural progenitors give birth to immature neurons (called neuroblasts). Neuroblasts leave
the SVZ, migrate along the rostral migratory stream (RMS) while being ensheathed by the process of SVZ
astrocytes and reach the olfactory bulb where they differentiate into GABAergic interneurons. We have shown
recently that expression and activation of specific neurotransmitter receptors, i.e. glutamate receptors, is critically
involved in migration, proliferation and survival of migrating neuroblasts (Platel et al. 2008; Platel et al. 2010).
Likewise, activation of GABA receptors has been shown to control many aspects of neurogenesis (Bordey 2007;
Ge et al. 2007). These effects of GABA are due to the fact that the chloride gradient differs in immature versus
mature neurons, causing GABA receptor activation to depolarize the membrane potential early in development.
During embryonic development, a second chloride-permeable receptor, the glycine receptor, has also been shown
to cause membrane depolarizations because of this chloride gradient (Flint et al. 1998). We are investigating the
role of glycine receptors in different process of the postnatal neurogenesis: proliferation, migration, survival and
integration of newborn neurons.

Bordey, A. (2007).
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Hox genesin the pre-specification of sympathetic and parasympathetic
ciliary neuron progenitors

Leslie Huberl, Jutta Stubbuschl, Marius Ferdinl, Hermann Rohrer!
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Autonomic neuron development is initiated by BMPs acting on neural crest cells in the primordia of both,
sympathetic and parasympathetic ganglia. However, different patterns of transcription factors are induced by
BMPs in sympathetic and parasympathetic ciliary ganglia, which indicates intrinsic differences between BMP-
responsive progenitors in different autonomic ganglia (Miiller and Rohrer, 2002).

Here, we have addressed the molecular basis of this pre -specification towards sympathetic and parasympathetic
neuron fate. Anterior -posterior patterning of neural crest by HOX genes is a likely explanation, as HOX genes are
expressed in the trunk but not in the mesencephalic region where ciliary ganglion progenitors originate. Screening
for Hox genes that are expressed in chick sympathetic ganglia by RT -PCR and in situ hybridization identified a
number of HOX genes observed in sympathetic neuron progenitors at E4 (HH23). Interestingly, expression was
maintained in differentiated sympathetic neurons at least up to E8. To test whether the identity of parasympathetic
ciliary progenitors could be altered by HOX genes present in trunk sympathetic ganglia, HoxB8, HoxC8 and HoxB1
were ectopically expressed in ciliary progenitors, using RCAS vectors. We used these HOX genes as examples for a
Hox gene expressed (HOxB8) or not expressed (HOXC8) in sympathetic ganglia or expressed in the anterior region
of the embryo (HoxB1).

During normal ciliary neuron development Hand2 is virtually absent and TH and DBH are expressed only
transiently, whereas Hand2, TH and DBH are continuously expressed in sympathetic neurons. Interestingly, the
forced expression of all three HOX genes in ciliary progenitors leads to a strong induction of the bHLH transcription
factor Hand2. However, only HoxB8 is able to induce the noradrenergic marker genes TH and DBH from E5 at
least up to ES.

Our findings that parasympathetic progenitors can be re-specified by HoXB8 to noradrenergic, sympathetic neuron
differentiation imply suggest that HOX genes expressed in trunk neural crest are involved in the pre-specification
and/or noradrenergic differentiation of sympathetic progenitors.
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| mpaired neuronal differentiation caused by 2,4 Dicholorophenol in
NTeraz2/D1 cellscorrelates to reduced expression of Cx43 and functional
gap junction coupling

Bernhard Reuss!

1University of Gottingen, Center for Anatomy - Neuroanatomy, Kreuzbergring 36, 37075 Géttingen, Germany

2,4 Dichlorophenol (2,4DCP) is the major soil degradation product of 2, 4 Dichlorophenoxy acetic acid (2,4D), a
systemic herbicide widely used to control broadleaf weeds. 2,4DCP is known to affect neuronal differentiation and
survival by yet not fully understood mechanisms. A system known to control early neuronal differentiation is
intercellular communication by gap junctions (GJ), which is diminished during retinoic acid dependent neuronal
differentiation of human derived NTera2/D1 cells. These cells were used here to clarify, whether 2,4D or 2,4DCP
is able to modulate expression of the GJ protein Connexin(Cx)43 and functional GJ coupling. Cells were treated 2,
4,6and 8days with upto 10 umol/l  of either 2,4D or 2,4DCP. Detection of Cx43 protein by
immunocytochemistry and Western blot analysis revealed a significant time and concentration dependent
downregulation of Cx43 immunoreactivity by 10umol/l 2,4DCP but not 2,4D. Likewise, scrape loading with
Lucifer yellow, revealed a significant reduction in GJ coupling by 10 umol/l 2,4DCP, but not 2,4D. These results
demonstrate a significant effect of 2,4DCP on amount and functionality of GJs in NTera2/D1 cells, suggesting a
role of GJ communication in effects of this substance on neuronal differentiation. This project was supported by
the medical faculty of the University of Gottingen (UMG).
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| mpairment of adult hippocampal neurogenesis alters hippocampus-
dependent tasks but not learning

Paulina J edynakl, Leszek Kaczmarek!, Robert K. Filipkowski2
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The functional role of adult brain neurogenesis remains elusive, although it has been suggested to play a role in
learning processes and memory formation. Cyclin D2 gene knock-out (D2 KO) mice show 90 % reduction of
newborn neurons when compared to WT animals. Furthermore, they have slight morphological abnormalities of
the brain, including the hippocampal formation (Kowalczyk et al., J Cell Biol, 2004). Results from D2 KO mice
suggest new hippocampal neurons are not obligatory for memory formation (Jaholkowski et al., Learn Mem,
2009). In the present study, the animals were subjected to behavioral tests previously shown to be involving intact
hippocampal formation, but concerning none or little learning component. D2 KO mice showed significant
impairment in digging, marble burying, and nest building. In particular, D2 KO mice were digging less robustly
and burying less marbles when compared to WTs. Moreover, D2 KO animals were building no or poorer nests
than WTs. In addition, D2 KO mice showed decreased than WTs explorative behavior in IntelliCage automated
system as well as neophobia while exposed to novel conditions. These data support previous results from lesioned
mice. On the other hand, locomotor functions of D2 KO mice were not impaired, and they showed normal anxiety
levels. Presented results suggest that either anatomical abnormalities of the hippocampal formation or adult brain
neurogenesis impairment (or both) alter hippocampal-dependant behaviors without influencing learning abilities.
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In vitro tests for developmental neurotoxicity
using a human neuronal precursor cell line

Michael Sternl, Andrea Giersel, Saime Tanl, Gerd Bicker!

1University of Veterinary Medicine Hannover, Cell Biology, Bischofsholer Damm 15/102, 30173 Hannover, Germany

Current in vivo test methods for developmental neurotoxicity are laborious, costly and necessitate the use of high
numbers of laboratory animals. The aim of this study was the development of standardized predictive cell-based in
vitro assays as a possible replacement for in vivo tests. We employ clone D1 of the human teratocarcinoma cell
line NTera-2, which has properties of a neuronal precursor line and can be induced to differentiate into terminally
differentiated neurons within one month (Podrygajlo et al., Cell Tissue Res 2009, 336:439-452).

To assess developmental neurotoxicity, we established molecular and mechanistic endpoints for proliferation,
differentiation, and migration. These endpoints were tested in the presence of compounds with known
developmentally toxic potential (positive test compounds): methyl mercury, lead, arsenic, valproic acid (VPA),
methylazoxy methanol acetate (MAM), and chlorpyrifos. As control substances with acute neurotoxic but not
developmentally neurotoxic potential (negative test compounds), we used parathion, paracetamol, and glutamate.
We focus our efforts onto applicability of the tests for high throughput screening in a 96-well format.

Proliferation of NT-2 precursor cells was measured with BrdU-incorporation assays and resazurin conversion
assays after different substance exposure times. In both assays, lead, methyl mercury, chlorpyrifos, and MAM
inhibit proliferation, whereas negative test compounds do not.

To assess differentiation into neurons, we examined the expression of the neuron specific marker B-tubulin type III
under treatment with test substances. Using quantitative immunofluorescence, we automatically evaluated
expression using a fluorescence plate reader, confirmed the results by manual counting and compared the result to
acute cytotoxicity determined by a viability assay. Chlorpyrifos, VPA, and MAM specifically inhibited neuronal
differentiation, whereas methyl mercury and the negative control substances did not.

Cell migration was assayed by placing aggregates of differentiating NT2 -cells, which form during culture under
non-adherent conditions, onto an adherent substrate in the presence of test compounds (Tegenge and Bicker, 2009,
J Neurochem. 110:1828-1841). Cell migration out of these aggregates was determined microscopically and
compared to acute toxicity. We now employ a commercial cell invasion assay (Oris) to adapt the migration
protocol to a 96-well format for high throughput screening and semi-automated analysis. In both assays, positive
test substances specifically reduce migration whereas negative test compounds affect viability at the same
concentrations that reduce cell migration.

In summary, we could perform in vitro tests for developmental endpoints (proliferation, differentiation, and
migration) which are predictive for most of the effects of known developmental neurotoxins. Thus, the NTera-2
cell line offers a promising perspective towards establishing in vitro assays as replacement for in vivo
developmental neurotoxicity tests in a high throughput screening scenario.

Supported by the BMBF (grants 0313925D and 0315522D)
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In vivo evidence for purinergic control of adult neurogenesis
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In the adult mammalian CNS the subgranular layer of the hippocampus (SGL) and the subependymal zone (SEZ)
at the lateral ventricles harbour progenitors that continuously provide new neurons for the granule cell layer of the
hippocampus and the olfactory bulb, respectively. Adult neurogenesis involves a set of events including
proliferation, cell fate determination, migration, differentiation, integration and survival of young neurons.

In the CNS nucleotides and their derivatives - once released from cells to the extracellular milieu - represent key
mediators of cellular communication. They can act on a multiplicity of receptors (G protein-coupled P2Y and
ionotropic P2X) that differ regarding agonist specificities. Nucleotide signalling can be terminated or modulated
by cell surface-located nucleotide-hydrolyzing enzymes belonging to several enzyme families.

We have previously shown that the ectonucleoside triphosphate diphosphohydrolase 2 (NTPDase2), an enzyme
that hydrolyzes nucleoside triphosphates, is specifically expressed by neural progenitors of the two neurogenic
regions and that functional P2Y receptors are expressed in primary culture of adult neural stem cells (1,2,3).
Furthermore nucleotides and the growth factor EGF stimulated in vitro progenitor cell proliferation and induced
converging intracellular signalling pathways, implicating a possible role for nucleotides in adult neurogenesis (3,4).

Deletion of NTPDase2 should increase the extracellular concentrations of the P2 receptor agonists ATP or UTP in
the vicinity of the NTPDase2-depleted cells and thus enhance any nucleotide-mediated effect on neurogenesis.
Using NTPDase2 knockout mice and time-controlled protocols of BrdU application we investigated short-term
progenitor cell proliferation and young neuron survival. As compared to wild type controls, progenitor cell
proliferation was increased approx. twofold in both the SEZ and the dentate gyrus whereas young neuron survival
in the olfactory bulb and the hippocampus was not significantly altered. Similarly, in vitro progenitor cell
proliferation was enhanced in neurospheres derived from NTPDase2 knockout mice. Accordingly, -cell
proliferation was reduced in neurospheres derived from P2Y1 or P2Y2 receptor knockout mice. Young neuron
survival was increased in the hippocampus of mice lacking the P2Y2 receptor.

These data provide first in vivo evidence for a contribution of purinergic signalling to the control of adult
neurogenesis.

1. Braun et al. 2003, Eur J Neurosci, 17, 1355-1364; 2. Shukla et al. 2005, J Neurosci Res 80, 600-610; 3. Mishra
et al. 2006, Development 133, 675-684; 4. Grimm et al. 2009, J Cell Sci 122, 2524-2533
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mMiR-128: a pleiotropic regulator of neuronal translation
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microRNAs (miRNA) are a large class of non-coding RNAs important for the regulation of the proteome mainly
through silencing and/or degradation of mRNA. Over 400 miRNA genes have been annotated, they are expressed
and function in all cells as regulators of many cellular processes. Several highly tissue specific miRNAs are known
to coordinate cell-specific gene expression programs during development.

miR-128 is one of a small group of brain enriched, neuron-specific miRNAs. There is evidence for misregulation
of miR-128 in glioma and neuroblastoma as well as other malignancies, but functional characterization of miR-
128 in CNS development and function is only beginning. Like the paradigm neuronal miRNA, miR-124, miR-128
is not expressed in radial progenitors but is induced upon neuronal differentiation. Deep sequencing of
synaptosomal miRNA revealed high levels of miR-128. Consistent with this expression pattern, we have identified
and verified several target mRNAs for miR-128 that are subject to direct translational repression. miR-128 target
gene interactions are likely to influence development (FoxP2, Reelin), growth control (Aff4, Casc3, Phf6) and
activity (Adora2a, Adora2b, RpsKa5). To better understand miR-128 roles in synaptic plasticity and cortex
development we are performing in situ hybridization and gain - and loss -of-function experiments by in utero
electroporation in the mouse cortex.
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Neur ogenesis from androgenetic and biparental mouse ES cells.
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Uniparental pluripotent embryonic stem (ES) cells enable the study of parent-of-origin-specific influences on
tissue development and may serve as a potential source of histocompatible cells for regenerative medicine.
Uniparental zygotes with two paternal (androgenetic; AG) or two maternal (gynogenetic: GG; parthenogenetic:
PG) genomes are not competent to develop into viable offspring but can form blastocysts from which ES cells can
be derived. While many aspects of the in vitro and in vivo differentiation potential of PG and GG ES cells of
several species have been studied, the developmental capacity of AG ES cells is much less clear. Here, we
investigated the potential of murine AG ES cells to undergo neural differentiation.

We observed that AG ES cells were similar to biparental (normal fertilized: N) ES cells in their capacity to
differentiate in vitro into pan-neural progenitor cells (pNPCs) and further gave rise to cells that express a variety
of neuronal- and glial-specific markers including B-III-tubulin, NeuN, TH, PITX3, Synapsin 1, GFAP or O4.
Electrophysiological analyses performed in voltage clamp conditions demonstrated the ability to generate sodium
driven action potentials. Neural progeny of in vitro differentiated AG ES cells exhibited fidelity of expression of
imprinted brain genes. Bisulfite-sequencing for two imprinting control regions suggested that pNPCs
predominantly maintained their methylation pattern.

Our results indicate that AG ES cell-derived neural progenitor/stem cells do not differ from N neural
progenitor/stem cells in their self-renewal and neural multi-lineage differentiation potential.
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Novel regulatory mechanisms of Schwann cell maturation

André Heinen!, Nevena Tzekoval, Hans-Peter Hartungl, Patrick Kiiry1
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Schwann cells are the myelinating glial cells of the peripheral nervous system (PNS) and their differentiation is
accompanied by a coordinated expression of maturation promoting factors, while proteins which negatively
regulate the differentiation program are inhibited. Similar to nerve development, stimulatory and inhibitory factors
also regulate Schwann cell redifferentiation and myelination during spontaneous peripheral nerve regeneration.
Both, developmental differentiation as well as de- and redifferentiation following peripheral nerve injury require a
coordinated switch of the gene expression program and suggest that epigenetic mechanisms might control
development and maintenance of the myelin sheath. Epigenetic mechanisms comprise histone modifications such
as methylation and acetylation and DNA methylation, controlling the transcriptional availability and thus gene
activity, as well as posttranscriptional control exerted by the expression of microRNAs. Several recent studies
revealed these mechanisms to be involved in oligodendrocyte maturation, the myelinating glial cells of the central
nervous system (CNS), whereas little is currently known about their role in peripheral nerve myelination.

We have recently identified the p57kip2 factor as an inhibitor of both Schwann cell as well as oligodendroglial
cell differentiation (Heinen et al., PNAS 2008; Kremer et al., PNAS 2009). Suppression of p57kip2 by means of
vector based RNA interference leads to morphological changes and accelerated glial cell differentiation, marked by
myelin gene and protein induction and a large scale switch in gene expression towards differentiation. These
remarkable changes suggestan involved epigenetic  regulatory mechanism, possibly controlling p57kip2
expression.

In the present study, we focused on the function of Polycomb group (PcG) genes, which serve as key components
for the recruitment of DNA methyltransferases, histone methyltransferases and deacetylases. We describe the
influence of a PcG member on rat Schwann cell maturation. Based on studies with vector based long-term gene
suppression and concomitant selection of transfected cells, we observed that a shRNA dependent knockdown of
this PcG gene interferes with morphological maturation and that it also blocks myelin gene expression. These
effects are accompanied by induction of p57kip2 gene expression, which then might interfere with Schwann cell
differentiation and maturation. This assumption is supported by the fact that changes in morphology and gene
expression can be reversed by suppression of p57kip2 expression levels. We have therefore identified a novel
regulatory mechanism of myelinating glial cell differentiation, which appears to be involved in repressing the
activity of naturally occurring inhibitory factors.
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Ontogeny of hippocampal neurogenesis and spatial learning in cyclin
D2K O mice
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In the adult brain, the ability to generate new neurons is limited to the subventricular zone of the lateral ventricle
(SVZ) and the subgranular zone of the hippocampal dentate gyrus (SGZ). Considering the role of the hippocampus
in learning and memory, it is likely that these new neurons might play a critical role in the formation and
consolidation of spatial memories. Although a multitude of different models for studying these newborn cells gave
rise to a better understanding of the underlying mechanisms, the functional relevance of adult neurogenesis still
remains ambiguous.

To address this issue, we use a transgenic mouse model, in which the cyclin D2 gene was inactivated by excision

of exons I and II (cDZKO)l. The three D -type cyclins (cD1, cD2, ¢D3) are expressed in most proliferating cells
where they regulate cell cycle progression by specifically activating cyclin-dependent kinases. They play a major
role in fetal and early postnatal brain development, with the expression of cD1 and cD3 ceasing in adult neuronal
precursors. Cyclin D2 is thought to be the only D-cyclin expressed in neuronal progenitor cells of the adult brain.
Consequently, the lack of functional ¢cD2 in ¢cD2KO mice causes the loss of adult neurogenesis in both the SVZ

and the SGZ2.

In the first study we wanted to determine the precise age at which neurogenesis ceases in these animals by
characterizing the kinetics of postnatal hippocampal neurogenesis in ¢cD2KO and wild type (WT) mice. Different
groups of WT and c¢D2KO mice were injected with BrdU (50 mg/kg i.p.; three injections per day for two
consecutive days) starting at postnatal day (P) 7, P14, P28, P40, P60, P90 and P260 and sacrificed 28 days later.
We found a rapid, age -dependent decline in the number of BrdU -positive cells in the dentate gyrus in both
genotypes. In WT mice, the number of BrdU-positive cells in the dentate gyrus decreased successively from about
57.000 cells at P7 to 300 cells at P260. In ¢cD2KO mice, the number of BrdU-positive cells declined from about
22.000 cells at P7 to 26 cells at P260, reaching a virtually stable level as early as P28. Triple-immunofluorescence
against BrdU and neuronal (NeuN) and astrocytic (GFAP) markers revealed that the percentage of newborn cells
that differentiate into neurons is comparable between cD2KO and WT mice.

In the second study we tested whether newborn granule cells are crucial for spatial learning and memory. Two
groups of male CD2KO and WT mice (3 -4 months) were trained in the Morris water maze for 12 consecutive
days (2 sessions per day; 3 trials per session). CD2KO mice were impaired in spatial learning during the first
seven days of training, but reached a similar level as WT mice during the last days of training. Probe trials
performed either 2 days or 30 days after the last training trial revealed impairments of cD2KO mice in recent and
remote memory retrieval.

The finding that cD2KO mice without adult neurogenesis are impaired but able to learn a spatial learning task
suggests that adult born neurons are involved but not indispensable for hippocampus-dependent spatial learning.
From the immunohistochemical data we conclude that the proposed transition from developmental (involving all

three D-type cyclins) to adult neurogenesis (only depending on ¢D2)? occurs around P28.

This work was supported by the Interdisciplinary Centre for Clinical Research Jena (J15) and BMBF (01GZ0709).
I Sicinski et al. Nature 1996, 384: 470-474
2 Kowalczyk et al. J. Cell. Biol. 2004, 167(2): 209-213
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Overexpression of the Chondroitinsulfotransferases Chst 3, Chst 7 and
Ust in Cortical Neural Stem Cells
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Introduction: 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 in mouse forebrain. 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 aim of this study was to examine the influence of an overexpression of distinct Chsts on NSCs behaviour in
vitro and in slice cultures.

Methods: 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. Further characterisations of the influence of the Chsts overexpression were made in forebrain slice
cultures after electroporation.

Results: 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.

Conclusion: 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 for financial support (Ho-2476/3-1). We appreciate helpful
suggestions and technical tips from Eva Hennen.
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A rolefor Reelin and Notchl cooperation during hippocampal
development and in the adult
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The large extracellular matrix molecule Reelin is required for normal brain development and function. In the reeler
mutant mouse lacking Reelin, an ordered hippocampal radial glial scaffold does not develop and dentate granule
cells fail to form a regular, densely packed cell layer. Adult neurogenesis is diminished in the hippocampus, and in
several CNS disorders a dysregulation of Reelin is found. A key pathway in radial glial development and stem cell
maintenance is the Notch signalling pathway. Our data suggest that Reelin and Notch signalling cooperate during
development and in the adult nervous system (Sibbe et al., 2009). Upon Notchl activation, the intracellular domain
(NICD) of the transmembrane receptor is cleaved and translocates into the nucleus acting as a transcriptional
activator. We found reduced Notchl activation in the hippocampus of young postnatal reeler mutant mice most
probably due to increased ubiquitination of the NICD. Inhibition of Notch cleavage induced a reeler-like
phenotype in hippocampal slice cultures, and rescue of the reeler phenotype by added Reelin is blocked by Notch
inhibition. Furthermore, reduction of Reelin after induction of epileptic seizures in a model of temporal lobe
epilepsy correlates with a reduction in Notch signalling in the SGZ of the hippocampus. Our data point to a
recruitment of Notchl activity by Reelin signalling to form and stabilize hippocampal radial glia.

(Supported by the Deutsche Forschungsgemeinschaft: TR3, TP D6)
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Oxidative stress overcomes when the equilibrium between oxidant species production and antioxidant capability is
disrupted. The presence of redox-sensitive motifs in numerous cell cycle regulatory proteins points out that the loss
in the redox control of the cell cycle could lead to aberrant proliferation and then to cancer. Among brain tumors,
malignant gliomas are very frequent. They are composed by two cell types: a small population of cells able to self-
renew and generate progeny (cancer stem cells, CSCs) and a larger population possessing a limited division
capacity and committed to a precise fate (bulk cells). Gliomas are very aggressive tumors because of CSC brain
infiltration efficiency and their resistance to chemotherapies due to the enhanced ability to efflux drugs. Therefore,
CSCs are the most tumorigenic component of glioma and we have focused our efforts on this small population of
cells.

Several forms of glioma and glioblastoma show a higher level of expression of the Chloride Intracellular Channel
1 (CLIC1) compared to normal brains. CLIC1 is a protein mainly localized in the cytoplasm and in the
nucleoplasm that is able to translocate into the plasma membrane and into the nuclear membrane where it acts as a
Cl- channel. The soluble form of CLIC1 belongs to the glutathione S-transferase superfamily. Upon oxidation, the
protein forms a dimer that translocates into the membrane and operates as an ion channel.

We are specifically investigating four human glioblastomas (fourth grade gliomas), which express CLIC1. Human
glioblastoma biopsies were cultured in a medium selecting for CSCs that grow as neurospheres. By knocking
down CLICI protein using siRNA viral infection (siCLIC1), we found that CLIC1-deficient cells migrated about
50% less efficiently than control cells treated with siRNA for luciferase (siLUC). Is this phenotype the result of
CLIC1 absence in the plasmamembranes? To solve this task, we performed electrophysiological experiments from
perforated patches for both siLUC and siCLIC1 cells. Cl- currents mediated by CLIC1 were estimated by
analytical subtraction after addition of a specific inhibitor (IAA94 100 uM). The results showed that siCLICI1 cells
did not display IAA94-sensitive currents, while siLUC cells presented the CLIC1-mediated chloride current.

Very interestingly, among the four gliomas that we analyzed there is a direct correlation between the tumor
aggressiveness and the percentage of IAA94 sensitive current: the more aggressive is the tumor the more CLIC1
current is present.

Our results suggest that CLIC1 is involved in glioma cells migration. The on-going experiments aim to understand
the mechanism that mediates tumor infiltration via CLICI functional expression as an ion channel. The
investigation on the intracellular pathway involving CLIC1 will be useful to eventually identify other proteins or
enzymes that, together with CLICI1, could represent possible pharmacological targets to hamper brain tumor
expansion.
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The capability to detect extracellular nucleotides via purinergic receptors is widespread in a variety of tissues and
cell types. Functional purinergic receptors are also expressed in many regions of the central nervous system.
Purinergic receptor activation has been associated with many critical physiological processes, amongst others
neurotransmission, propagation of calcium waves and regulation of proliferation. Nevertheless, purinergic
signaling pathways are still not fully understood and in many tissues information on the physiological role of the
purinergic system is missing.

In the present study we have investigated the purinergic system of the anterior telencephalon of larval Xenopus
laevis. In vertebrates, the anterior part of the telencephalon mainly consists of the olfactory bulb (OB),
representing the first relay station for olfactory information processing. But different from higher vertebrates, the
lateral telencephalic ventricles of Xenopus laevis (Amphibia) expand deep into the anterior telencephalon. The
periventricular zone (PVZ) of the lateral ventricles is known to provide a neurogenic niche that generates new
neurons for the OB circuitry throughout the whole lifetime of an organism. Using transmission electron
microscopy, we investigated the ultrastructural organization of the anterior telencephalon and emphasize the
differences between OB and PVZ cells. A BrdU incorporation assay was applied to localize the neurogenic
periventricular zone (PVZ) and to quantify the physiological proliferation rate of the PVZ cells. The rate of
proliferation was rather high with 42.54 + 6.65% of all PVZ nuclei being in S-phase and therefore dividing

actively. Combining functional Ca>" imaging in acute slice preparations as well as immunohistochemistry we
revealed that the anterior telencephalon features a widespread and complex purinergic system. While the cells of
the OB almost exclusively express ionotropic P2X purinergic receptor subtypes, PVZ cells express both ionotropic

P2X and metabotropic P1 and P2Y receptor subtypes. Application of purinergic agonists triggers stereotypic CaZ"
signaling in cells of both regions. Using a nose-brain preparation, we also show that the purinergic receptors
expressed in the OB are not evidently involved in the immediate processing of olfactory information.

[Supported by DFG Research Center Molecular Physiology of the Brain (CMPB, Project B1/9)]
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Regulation of astrocyte maturation by the extracellular matrix molecule
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During the development of the central nervous system neural precursor cells give rise to three major cells types,
namely neurons, astrocytes and oligodendrocytes. Recent studies in the developing forebrain have shown that the
extracellular glycoprotein Tenascin -C (Tnc) regulates the behaviour of neural precursor cells regarding both
proliferation and differentiation. To gain insight into possible roles of Tnc for spinal cord development we initially
undertook a systematic expression analysis of Tnc both on mRNA and protein level and found that Tnc is
expressed by Nestin-, GLAST-, and Vimentin-positive neural precursor cells and GFAP-positive astrocytes during
late embryonic development. Its expression coincides with the emergence of an EGF responsive neural precursor
cell population. As a consequence this cell population is smaller in the absence of Tnc as revealed by neurosphere
formation assays from Tnc mutant cells. BrdU incorporation analysis in combination with in situ hybridisation
techniques at E15.5 in the spinal cord revealed an increased proliferation rate of immature astrocytes/astrocyte
progenitor cells. We also found an increased proliferation of Tnc-deficient neurosphere cells in the presence of
FGF2. Likewise, the addition of affinity purified Tnc suppressed a FGF2 dependent neurosphere formation from
wildtype cells. These data suggest that Tnc induces a quiescent state in neural precursor cells both in vitro and in
vivo thus promoting astroglial maturation. In line with this, we observed a delayed migration of immature
astrocytes from the ventricular zone into the prospective ventral white matter. Furthermore, we found that Tnc
deficient astrocyte cultures contained less GFAP positive cells indicating an immature phenotype of the cells.
Finally, we also documented alterations in the GFAP expression level in the embryonic and adult spinal cord of
Tnc-deficient animals in comparison to their wildtype littermates. Taken together, our data suggest that Tnc is
important for the timely maturation of astrocytes in the developing spinal cord.
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The mammalian neurotrophins are important regulators of a variety of functions that are necessary for neuronal
development and neuronal plasticity. Like other neuropeptides, neurotrophins are stored in secretory granules and
are released upon specific electrical stimulation. In comparison to the wealth of knowledge regarding the molecular
machinery meditating synaptic transmitter vesicle exocytosis, the mechanisms of secretory granule exocytosis in
neurons are less well understood. To investigate the molecular mechanism of activity-dependent release of
neurotrophins, we have designed a new generation of shRNA expression vectors enabling functional knockdown
analysis of secretion relevant proteins.

In order to analyse the machinery of secretory granule exocytosis by live cell imaging, dissociated hippocampal
neurons derived from mouse were genetically manipulated by simultaneous knockdown of secretion-relevant
proteins and knock-in of a GFP labelled neurotrophin (BDNF-EGFP). To perform these simultaneous genetic
manipulations, we established a protein knockdown using a new generation of shRNA expressing plasmids. These
vectors are based on the transcription of the shRNA of interest, which is further matured to the requested siRNA
by the endogenous miRNA processing machinery. To evaluate the knockdown efficiency mediated by the shRNA
plasmid, we have designed a shRNA plasmid directed against EGFP. These results enabled us to optimize our
construct to design a shRNA plasmid directed against CAPS1 yielding efficient knockdown. CAPSI is an
important vesicle priming factor in secretory granule exocytosis of neuroendocrine cells. Knockdown assays using
the respective shRNA plasmid show an efficient knockdown in dissociated hippocampal neurons. In addition,
depolarisation induced release of BDNF-GFP from secretory granules was analysed after co-transfection of
hippocampal neurons with shRNA plasmid targeted against CAPS1. The role of CAPS1 during secretory granule
exocytosis was compared to the role of CAPS1 during exocytosis of synaptic vesicles monitored with FM 4-64
destaining. Taken together, we have established an efficient method for knockdown of proteins to analyse the
molecular machinery mediating secretory granule exocytosis.



Gottingen Meeting of the German Neuroscience Society 2011 T 1 - 5c

Regulators of miRNA biogenesis control neural differentiation
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miRNAs were originally recognized as regulators of developmental timing in C. elegans. In the mammalian CNS,
mounting evidence suggests that temporal waves of miRNA expression accompany developmental progressions
from neurulation to synaptogenesis. The paradigm miRNA let-7 is an example of an early-on miRNA, and roles
for let-7 in the negative regulation of pluripotency and promotion of neurogenesis have been proposed.
Concentrating on highly regulated let-7 target genes in pluripotent cells, we showed that the mammalian homolog
of the C. elegans developmental timing gene Lin4l participates with let-7 in a feedback loop that controls the
activity of miRNA biogenesis during stem cell differentiation. Lin41 is a Trim family E3 ubiquitin ligase and the
founding member of the Trim- NHL subfamily of developmental regulators. We recently demonstrated E3 ligase
activity for Lin41, and showed that Lin41 interacts with and ubiquitinates the essential miRNA pathway protein
Ago2. Lin4l acts to reduce steady -state levels of Ago2 in early stem cells, thereby reducing both miRNA
accumulation and miRNA-mediated silencing activity. These studies reveal that one function of Lin41 in stem cell
differentiation is to mediate regulation of the miRNA pathway. Our current efforts combine biochemical and
genetic approaches to investigate the role of Lin4l as suppressor of the miRNA pathway during neural tube
formation and in adult brain stem cell niches.
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Psychiatric conditions like depression or fear and anxiety disorders can be triggered by environmental cues such as
stress and certain intrinsic aspects such as genetic variations, for instance the length polymorphism of the
serotonin (5-HT) transporter (5-HTT) gene promoter. The 5-HTT is located in the pre-synaptic membrane of
serotonergic neurons. Its function 1is the re-uptake of SHT from the synaptic cleft into the pre-synapse, and it is
responsible for termination, recycling and fine-tuning of the serotonin signal. In addition, the 5-HTT is a target of
several antidepressants such as the selective reuptake inhibitors (SSRI) as well as for drugs of abuse including
methamphetamine (Ecstasy) and cocaine. 5- HTT knockout (KO) mice display an anxious phenotype as well as
exaggerated adrenomedullary stress responses and thus are a common animal model for these stress-related
disorders. Apart from that, stress exposure has been shown to reduce adult neurogenesis (aN), which can be found
in the subventricular zone and in the dentate gyrus (DG) of the hippocampus of many vertebrates including
humans. Furthermore, hippocampal aN is discussed to be linked to mental disorders such as schizophrenia and is
known to be regulated by a number of factors including SHT.

In order to evaluate a possible influence of the 5- HTT genotype and stress on adult Neurogenesis (aN), we
investigated cell proliferation and neurogenesis in mice of different 5S-HTT genotypes that had either remained
untreated or had been subject to chronic mild stressed for 21 days. For this purpose we carried out an
immunohistochemistry study using the proliferation marker Ki- 67 and the neurogenesis marker NeuroD. Prior to
sacrifice these mice had undergone a comprehensive behavioral test battery such as elevated plus maze, open field,
light dark box, sucrose preference test and forced swim test.

We were able to detect deviations between 5-HTT genotypes regarding neurogenesis in the DG; proliferation
however seems to be unaffected by the genotype. The sucrose preference test confirmed the effectiveness of the
applied stress paradigm. On the other hand an impact of the 5S-HTT genotype on the depression-related behaviour
could be demonstrated by use of the forced swim test. Interestingly, activity level of 5-HTT KO mice seems to be
elevated in almost all behavioural tests compared to the wildtype control mice.
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The layers of the neocortex are comprised of functionally diverse neurons. These neurons are generated
sequentially from progenitors located in the germinal zone lining the lateral ventricles(VZ). Their fate and final
position in the cortical plate is specified at the progenitor stage before they migrate into the cortical plate.
However, not much is known about how the VZ learns how many pyramidal neurons of each type to produce and
when the switch from producing one cell type to another should be made. One source of such signals is the cortical
plate itself, creating a feedback loop. Recently we identified Sipl (Smad Interacting proteinl) as a transcriptional
repressor of several cortical feedback signals which control the timing of sequential fate decisions in the VZ. Sipl
mutants show a precocious shift in corticogenesis wherein upper layer neurons are generated earlier at the cost of
deeper layers and gliogenesis starts earlier ending neurogenesis precociously. However, little is known about the
cortical signals. We have shown that Fgf9, which is under the negative control of Sipl can induce precocious
gliogenesis in wild type cortices. We have also identified promising candidates that could be influencing the switch
from deep layer to upper layer fate.
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Nurrl(orphan nuclear receptor) plays a crucial role during the establishment and survival of the dopamineergic
system of the brain. It is also expressed in the subplate and glutamatergic layer 6 cells of the cerebral cortex. The
subplate is a transient zone containing precocious neurons involved in several key steps of cortical development.
In rodent, subplate neurons are among the earliest born neocortical cells.

We characterize the role of Nurrl in the neocortex and subplate during development using a conditional
mutagenesis approach. Nurrl expression is mutually exclusive with that of Ctip2, a transcription factor necessary
and sufficient for the extension of subcortical motor neurons projections.

Ctip2 is ectopically expressed in upper cortical layers of Satb2 knockout mice. Satb2 is a postmitotic determinant
for upper-layer neuron specification in the neocortex. In Satb2 -/- animals, upper layers of the cerebral cortex are
misspecified and adapt subcortical features. Additionally, Nurrl is highly upregulated and ectopically expressed in
upper layers neurons. We aim to elucidate the interplay of those transcription factors during cortical layer
specification.
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We have identified the signal transducer and regulator of RNA metabolism (STAR) family protein Sam68 as a
target of the extracellular matrix glycoprotein Tenascin C (Tnc) by an induction gene trap screen in neural stem
cells. The activity of Sam68 is regulated by phosphorylation and overexpression by nucleofection reduced the
proliferation of cortical neural stem/progenitor cells. At the same time Sam68 in turn regulates the splicing of Tnc
by favoring the inclusion of the alternative spliced fibronectin type III domains. Both, Tnc and Sam68 are
expressed in the germinal layers of the developing neuroepithelium and their expression is maintained in the
postnatal and adult subventricular zone of the lateral ventricle wall. This implies an auto -regulatory, oscillatory
interplay between the neural stem cell niche microenvironment and cortical neural stem/progenitor cells, which
may contribute to the precise timing of neurogenesis during development and in the adult neural stem cell niche.
Interestingly, the two Sam68 -related genes Slm -1 and Slm -2 are also expressed in the developing forebrain.
Forced expression of Slm -1-EGFP and Slm -2-EGFP fusion constructs in cultured neural stem/progenitor cell
revealed opposing functions. SIm-1 interfered with proliferation and appeared to favour neurogenesis

while Slm-2 increased proliferation and promoted astrogliogenesis. So, Slm-1 is similar to Sam68 on the cell
biological level, whereas Slm-2 appears to have opposing functions. We are currently investigating, if the role of
the Sam68 family members is carried by the signal transducing function, the RNA binding and RNA splicing
activity or both to define the molecular mechnism(s) that orchestrate maintenance, proliferation and differentiation
of cortical neural stem and progenitor cells.
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The transcription factors AP-23 and AP-2a arerequired for survival of
sympathetic progenitors and differentiated sympathetic neurons
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Differentiation of sympathetic neurons is controlled by a group of transcription factors, including Phox2b, Ascll,
Hand2 and Gata3, induced by BMPs in progenitors located in ganglion primordia at the dorsal aorta. Here, we
address the function of the transcription factors AP -2 and AP -2a, expressed in migrating neural crest cells and
maintained in sympathetic progenitors and differentiated neurons. The elimination of both AP-2aand AP-213
results in the virtually complete absence of sympathetic and sensory ganglia due to apoptotic cell death of
migrating neural crest cells. In contrast, only sympathetic ganglia are targeted in the AP-213 knockout, leading to a
reduction in ganglion size by about 40% at E10.5, which is maintained up to E16.5, and is also caused by apoptotic
death of neural crest progenitors. The conditional double knockout of AP-2a and AP-2[3 in sympathetic progenitors

and differentiated neurons of AP-2RXO/AP-2aAI1CT€ 4nd AP-2  RKO/AP-2aPBHICI® mice results in a further
decrease in neuron number, leading eventually to small sympathetic ganglion rudiments at P4. These results define
two distinct progenitor populations for sympathetic neurons, depending selectively on AP-213 or either on AP-2(3 or
AP-2a. The AP-2a/l3 dependence is maintained in differentiated sympathetic neurons. The elimination of AP-213
also leads to the complete absence of noradrenergic neurons of the Locus coeruleus. In conclusion, our results
reveal an essential survival function of AP-2a/f3 transcription factors for developing peripheral and central
noradrenergic neurons and imply AP-2[3 as survival factor for neural crest progenitors specified for a sympathetic
neuron fate.
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The zinc-finger homeodomain factor Teashirtl (Tshzl) controls
the layering and differentiation of olfactory bulb granule célls
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The paired mammalian olfactory bulbs are essential for processing of odor stimuli and relaying this information to
the olfactory cortex. Formed initially as evaginations of the rostral telencephalon, they become populated by
neurons born either locally within the olfactory bulb ventricular zone, or more distally in the telencephalon. This
latter population moves tangentially in a rostral direction before assuming a radial mode of migration within the
olfactory bulbs, where it subsequently matures into granule cell and periglomerular cell interneurons. We present
here a detailed characterisation of the cell populations within the granule cell layer of the embryonic mouse
olfactory bulb, and assign to the zinc-finger homeodomain factor Teashirtl (Tshzl) an essential role in both the
radial migration and the molecular specification of early born, distally generated granule neurons. Such cells
arrived within the bulbs of Tshzl -/- mutant mice, but distributed aberrantly within the radial dimension, forming
closely-packed cell aggregates. Within these clusters, Tshz1+ cells failed to express the zinc-finger transcription
factors Sp8 and Sall3 and remained in an immature state as defined by the loss of expression of the markers neuN,
glutamic acid decarboxylase (GAD)-67, gamma -amino butyric acid (GABA), tyrosine hydroxylase and guanine
deaminase (cypin). Tshzl is the first factor to be characterised, which functionally distinguishes between the
differentiation programs of granule cell and periglomerular cell neurons in the developing olfactory bulb. In
addition, our analyses indicate that soluble and/or cell surface factors produced by the Tshzl+ outer granule cell
lineage regulate the spatial distribution of other neuronal populations within the olfactory bulb.
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Transforming growth factor Bs (TgfBs) are multifunctional cytokines that are expressed in the forebrain, but little is
known about the effects they assert on the heterogeneous stem cell population within the telencephalon. Using
cortical primary cell cultures of developing mouse brains, this study aims to reveal Tgfl3 regulated target genes
implicated in forebrain development.

TgfB3 mediated neurogenesis has been reported to be increased in older (E16.5) embryonic cortical progenitor cells
as compared to cells taken from developmental stage E13.5 and adult spheres. Hence, total RNA extracted from
TgfB3- and inhibitor -treated cortical progenitor cells E13.5 and E16.5 mice was used, to perform a microarray, to
assess genes regulated by Tgfl3 stimuli to provide cellular and molecular control in these different developmental
stages. A 4-way comparison of the data obtained gave 4 sets of Tgf3-regulated genes. The datasets obtained were
(1.) TgfB -mediated regulation at E13.5, (2.) TgfB3 -mediated regulation at E16.5, (3.) TgfBB-mediated regulation at
E13.5 and not E16.5, and (4.) TgfB3-independent gene regulation between E13.5 and E16.5.

Regulated genes were clustered, based on their functions and parameters such as genes regulating neuronal
differentiation, proliferation, apoptosis, transcription factors, and genes expressed in the extracellular matrix.
Validation of regulations of these TgfB3 target genes using semiquantitative and qRT-PCR corroborated with the
fold changes as seen in the microarray. Analysis of the effects of TgfBB on these genes will provide insights in the
role of TgfB3-signalling in forebrain development.

With regard to adult spheres cultured from the dentate gyrus of WT mice, analyses for differentiation rates showed
no significant increase in neuronal differentiation upon Tgfl3 treatment. Since we observed that Tgf3 mediates
neuronal differentiation of early cortical progenitors only after reduction of FoxG1 expression, we are currently
investigating whether reduction of FoxG1 expression would also induce a competence of adult spheres to respond
with increased neuronal differentiation upon TgfB signalling.

Funded through grants from the Deutsche Forschungsgemeinschaft.
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M echanism of the reversal of neurobehavioral teratogenicity in mice
with neural stem cells
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Neurobehavioral teratogenicity is a major clinical concern. We established the mechanism by which the teratogen
exerts its deleterious effects on cognitive behavior (Morris maze), the abolishment of ACh-induced
activation/translocation, which enables us to reverse the deficits using various mean, most recently with neural
stem cell (NSC) transplantation, including neonatal cortex -derived and embryonic -derived NSC. A major
mechanism by which the NSC exerted their therapeutic action was by enhancing production of endogenous cells in
the impaired brain. NSC therapy can be greatly enhanced toward clinical application, by employing adult NSC,
which will enable autologous transplantation. Toward this goal, we developed a model which uses subventricular
zone (SVZ) cells. Mice were exposed prenatally to chlorpyrifos by injecting their pregnant mothers with the
organophosphate on gestational days 9- 18 (3 mg/kg/day, SC). The offspring showed deficits in the Morris maze
test, which, consistent with the literature, were limited to females. Both the control and exposed female offspring
were transplanted with SVZ cells (or media) on postnatal day (PN) 35. On PN 60, the mice exposed prenatally to
chlorpyrifos displayed impaired Morris water maze performance, requiring longer swimming time than controls to
reach the platform. However, transplantation of adult SVZ -derived NSC reversed the deficits caused by prenatal
chlorpyrifos exposure, in that the transplanted mice no longer differed statistically from controls. The transplanted
cells were later identified in the host brain by Dil tracing, and they showed differentiation to cholinergic neurons
and astrocytes. Applying autologous transplantation bypasses both the methodological obstacles of immunological
rejection and the ethical concerns related to using embryonic stem cells. SVZ transplantation is obviously not
clinically applicable, but it serves as a model for more feasible transplantations, such as adult mesenchymal stem
cell transplantation, which is the subject of our current investigation.

Supported by the grants BSF2005003 and NIH ES014258.
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A mechanism for aromatase-dependent homeostasis of hippocampal
synapses

Lars Festerl, Lepu Zhoul, Nicola Brandtl, Erik Disteldorf 1, Christiana Ossigl, Jan Labitzkel,
Wiebke Wilkarsl, Roland Benderl, Hubertus Jarryz, Gabriele M. Rune!

1University Medical Center Hamburg-Eppendorf, Institute of Anatomy I: Cellular Neurobiology, Martinistr. 52, 20246 Hamburg, Germany

2University of Goettingen, Department of Experimental Endocrinology, Robert-Koch-Str. 40, Goettingen, Germany

Both form and function of dendritic spines, which serve as postsynaptic partners of the majority of excitatory
synapses, are critically dependent on their actin cytoskeleton. Here we found that activity of aromatase, the final
enzyme of estadiol synthesis, regulates actin associated proteins. In hippocampal neurons, letrozole, an aromatase
inhibitor, downregulates the expression of profilin and synaptopodin and dephosphorylates cofilin, finally resulting
in spine loss. The actin-associated protein synaptopodin is additionally tightly associated with the spine apparatus,
a spine-specific Ca2+ store and a typical feature of mushroom spines. Consistently, mushroom spines, as defined
by spine size and by the presence of a spine apparatus, were primarily affected by inhibition of aromatase activity.
Most importantly, on manipulation of Ca2+ transients we found that in hippocampal neurons Ca2+ transients
control aromatase activity. Ca2+ release from internal stores, such as the spine apparatus, inhibits aromatase
activity, which in turn regulates protein expression. This effect is mediated by estrogen receptor (ER)B and
abolished after Ca2+ channel blockade, in the presence of testosterone, activating aromatase, and ER blockers. The
regulation of actin -associated protein expression downstream of the regulation of aromatase activity by Ca2+
transients introduces aromatase activity as a hitherto unknown factor in Ca2+-induced signalling cascades, with
regard to the homeostasis of synapses in the hippocampus.
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Activity Dependence of Fine-Scale Synaptic Organization in CA3
Hippocampal Dendrites during Development.

Johan Winnubstl, Thomas Kleindienstl, Christian Lohmann!

INetherlands Institute for Neuroscience , Synapse and Network Development, Meibergdreef 47, 1105 BA Amsterdam, Netherlands

During brain development, before sensory systems become functional, neuronal networks spontaneously generate
repetitive bursts of neuronal activity, which are typically synchronized across many neurons. Such activity patterns
have been described in detail onthe level of the network, but the effect thatthis activity has on the fine-
organization of synaptic inputs received by an individual neuron remains unclear. By correlating the occurrence of
local calcium transients with whole -cell electrophysiology recordings a previous study by Kleindienst et. al.
(submitted) was able to identify the activity of individual synaptic sites during spontaneous activity in cultured
CA3 pyramidal neurons of neonatal rats. Analysis of the spatio-temporal activity patterns of the detected synapses
revealed that synapses that were located close together on the dendritic branch (<20 um) were significantly more
activated in concert then synapses that were farther apart. These findings would indicate that the dendritic tree is
organized with subcellular precision and that local clusters of synaptic inputs tend to carry functionally related
information. We speculated that this clustering could be an activity-dependant sorting process during development,
where neighboring synapses with presynaptic axons that spike simultaneously get specifically stabilized. In this
current study we therefore investigated whether spontaneous activity during development is necessary for this kind
of fine-scale organization to arise. To achieve this we incubated cultured hippocampal slices in TTX thereby
blocking all spiking activity in these slices. Activity patterns of functional synaptic inputs were then determined by
combining calcium imaging with whole -cell patch clamp recordings using the previously described method. We
found that in control cells neighboring synapses indeed showed higher levels of co-activity then synapses that were
farther apart. However, prior incubation with TTX completely abolished this spatio-temporal effect. These
findings show that spontaneous network activity acts as an important component in the precise wiring of neural
networks and demonstrated for the first time that it is capable of connecting neurons with subcellular precision.
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Activity-dependent maturation of the A17-RBC reciprocal synapse
in the mouse retina

Timm Schubertl, Ed Parkerz, Thomas Euler 1, Rachel O. Wong2

ICentre for Integrative Neuroscience / Institute for Ophthalmic Research, University of Tiibingen, Germany

2Dept. of Biological Structure, University of Washington, Seattle, USA

In the mammalian retina, glutamatergic transmission from rod bipolar cells (RBCs) is regulated by feedback
inhibition provided by A17 amacrine cells (A17s) at highly localized sites of reciprocal contact between the RBCs
and A17s. We investigated how GABAergic and glutamatergic neurotransmission influence the assembly of this
reciprocal synapse during development. Two transgenic mouse lines in which neurotransmission is perturbed were
used. In a GADI retinal knockout (GADIKO) mouse (Schubert et al., 2010), GABAergic transmission in the
retina is impaired. In the Grm6:TeNT mouse, glutamatergic transmission in RBCs is severely reduced
(Kerschensteiner et al., 2009).

To determine when during development GABAergic feedback from Al7s to RBCs becomes functional, we
performed whole -cell recordings from RBCs in the wild type retina and measured AMPA -evoked postsynaptic
currents. At P11, AMPA-evoked currents were significantly reduced by DHT (Chavez et al., 2006) indicating that
the A17-RBC reciprocal synapse is functional before eye opening (P14).

In the GADIKO retina, the frequency of GABAergic spontaneous inhibitory postsynaptic currents (sIPSCs) in
RBCs was significantly reduced during the early period of synaptogenesis (P11-13) and at maturity (P30),
indicating decreased GABAergic transmission throughout neonatal development of the A17-RBC circuit in this
mutant. Using the GAD1KO, we investigated how a lack of GABAergic transmission affects the development of
GABAergic synapses onto RBC axon terminals. At P11, GABA puffs at RBC axon terminals in the KO showed
that feedback is mediated by both  GABAA and GABAC receptors, and that the proportion of GABAA and
GABAC mediated currents was unchanged. In contrast, in the P30 GAD1KO retina, GABAA receptor-mediated
currents were reduced, whereas GABAC receptor-mediated currents were unaltered compared to wildtype.
However, AMPA-evoked currents recorded in A17s in the KO retina were normal, suggesting that the density of
glutamate receptors on A17 processes was not affected by a lack of GABAergic transmission onto RBCs during
development.

We next examined whether glutamatergic transmission regulates the development of the reciprocal RBC-A17
synapse. In the Grm6:TeNT mouse line, the light chain of tetanus toxin, which cleaves the vesicle fusion-protein
VAMP2, is expressed under the control of the Grm6 promoter. Whole cell recordings of sSIPSCs in RBCs revealed
that the formation of synaptic feedback onto RBCs is independent of glutamatergic forward transmission. AMPA
puffs onto Al7s at P11-13 and P30 evoked GABAA and GABAC receptor -mediated currents in RBCs that
resembled those of wildtype RBCs. Also, GABAergic sIPSCs were normal in RBCs lacking glutamatergic
transmission.

Together, our observations imply that GABAergic and glutamatergic neurotransmission do not play a crucial role
in the initial formation (around P11-13) of the reciprocal RBC-A17 synapse. However, there appears to be a
failure in maintaining GABAA but not GABAC receptors on RBC terminals when GABAergic transmission is
deficient. Thus, the maintenance of synapses containing GABAA or GABAC receptors appears to be differentially
regulated by synaptic activity.
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Alternative transcripts of the songbird BDNF gene

Moritz Hertell, Falk Dittrichl, Carolina F rankll, Iwona Ruczynskal, Anja Lohrentzl, Antje
Bakkerl, Bernd Timmermannz, Heiner Kuhlz, Manfred Gahr!

'Max Planck Institute for Ornithology, Behavioural Neurobiology, Eberhard Gwinner Str/Pforte, 82319 Seewiesen, Germany

2Max Planck Institute for Molecular Genetics, Thnestr. 63-73, 14195 Berlin, Germany

Brain-derived neurotrophic factor (BDNF) plays a pivotal role in the development of song learning in birds. In
juvenile male zebra finches the expression of BDNF in the forebrain song control system is estrogen-dependent at
the onset of song learning. Further, the estrogen receptor a is expressed in neurons in and near two key song
control regions during development. To investigate the potential role of the estrogen receptor a for BDNF
expression in songbirds, the genomic sequence of the BDNF gene was determined in two songbird species, the
zebra finch and the canary. Genomic sequences close to multiple songbird BDNF 5'-UTRs that were discovered by
5'-RACE-PCR experiments were analyzed for the presence of estrogen responsive elements (EREs). Songbird
BDNF 5'-UTRs differed in the degree of sequence similarity to non-songbird (e.g. chicken) BDNF genes.
Expression patterns of the different songbird BDNF 5'-UTRs were examined in juvenile and adult zebra finches by
the means of semi-quantitative PCRs.
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Analysis of Redlin Effects on early Neuronal Process Differentiation and
Polarity

Maurice Mesekel, Burkhard Baaderl, Eckart Forster!

1University of Hamburg, Institute of Anatomy I: Cellular Neurobiology, Martinistr. 52, 20246 Hamburg, Germany

During cortical development, the positioning of radially migrating neurons is controlled by the glycoprotein reelin,
secreted by Cajal-Retzius cells in the marginal zone. In the reeler mutant mouse lacking reelin expression, cortical
neurons fail to migrate to their proper positions. Moreover, numerous malpositioned neurons in the reeler cortex
display defects in polarity and process orientation. How reelin signalling influences cytoskeletal dynamics of
migrating and differentiating neurons is poorly understood. Recently, it has been shown that reelin, when binding
to the reelin receptor apoer2, induces phosphorylation of the actin associated protein cofilin in the leading process
of radially migrating neurons, suggesting a stabilizing effect of Reelin on the actin cytoskeleton in the leading
processes of migrating neurons. However, this effect only partially describes the role of reelin in organizing
cytoskeletal dynamics, since neurons in mutant mice lacking the reelin receptor vldlr show normal cofilin
phosphorylation but still display migration defects (see review Forster et al., 2010). To search for novel reelin
effects on cytoskeletal components, we studied Reelin effects on process differentiation and orientation of cortical
tissue in situ and in dissociated primary cultures of hippocampal neurons. Our results suggest that Reelin effects on
cytoskeletal dynamics of differentiating neurons require close interplay of both actin and tubulin components. This
work was supported by DFG FO 223/6-1; Ref.: Forster et al. (2010) Europ. J. Neurosci. 31, 1511-1518.
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Analyzing the L4 network in thelamina of Drosophila

Birgit Ahrens!, Kevin Liithyl’z, Shilpa Rawall, Ian Meinertzhagenz, Karl-Friedrich Fischbach!

'Universitit Freiburg, Institut fiir Biologie III, Schénzlestral3e 1, 79106 Freiburg, Germany

2Dalhousie University, Halifax, Canada

L4 neurons are the only monopolar cells in the lamina of the fly thatinvade neighboring cartridges. In the
proximal lamina layer, they form reciprocal synapses with both L2 and collateral branches from other neighboring
L4 neurons. It is our aim to understand and genetically manipulate the development and function of L4 neurons
and their collaterals. The starting point of our research is the finding that these collaterals specifically express the
cell recognition protein Kirre/Dumbfounded at their sites of contact with other L4 cells and with L2 neurons in the
proximal lamina. Kirre is a member of the irre cell recognition module (IRM) group of proteins, which we have
described recently (Fischbach et al., 2009). Using the Gal4/UAS gene expression system we are specifically
manipulating the genetic constitution of differentiating L4 and L2 neurons. Cell autonomous and non-autonomous
effects are distinguished by analysing single-cell genetic mosaics, using the MARCM method to induce loss of the
Gal4 inhibitor Gal80 by means of mitotic recombination. Effects on synapses are being studied at the level of the
electron microscope. Our long-term objective is to understand the function of the L4 network in fly vision and its
development in the lamina.

Support: ALU Freiburg Fi FeF-3 (to K-F.F.), and NIH 03592 (to I.A.M.)
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BM P-receptor signalling enables the formation of large excitatory
synapses in the auditory circuit

Le Xiao!, Nicolas Michalski!, Ralf Schneggenburger1

1 Laboratory of Synaptic Mechanisms, Brain Mind Institute, Ecole Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne, Switzerland

In the brainstem auditory circuit of mammals and birds, excitatory synapses with extraordinarily large size have
evolved, which ensure fast membrane potential signalling mediated by large, multiquantal excitatory postsynaptic
currents (EPSCs). These synapses form prior to the onset of hearing in a target-cell specific manner; however, the
molecular signalling pathways which drive their formation are unknown. Here we identify bone morphogenetic
protein (BMP) signalling as an essential signalling pathway in the development of calyces of Held. Through an
unbiased genome-wide transcriptome analysis, we identified BMPS5 and BMP4 as candidates for diffusible
signalling molecules differentially expressed between medial nucleus of the trapezoid body (MNTB; the target area
of calyces of Held), and lateral superior olive, a neighboring nucleus which does not receive large synapses.
Conditional knock -out (k.0.) of BMP -receptor (BMP -R) la in the lower auditory system, together with
conventional k.o. of BMP-R1b (BMP-R 1 double k.o.;
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Cofilin and its phosphorylation at Ser3 are essential for the polarization
and migration of cortical neurons

Xuejun Chail, L1 Fanz, Hong Shaoz, Shanting Zhaol, Hans Georg Mannherz3, Michael
Frotscher!

nstitut of Anatomie and Cell Biologie, University of Freiburg, Germany 2School of Life Sciences, Lanzhou University, China 3Institute of
Anatomy, Ruhr University Bochum, Germany

During brain development, postmitotic neurons migrate away from their birthplace to their final destinations, as
they are usually generated at sites distant from their final positions. Neuronal migration is essential for the proper
lamination of the cerebral cortex. Migrating neurons show an asymmetrical morphology: a bipolar shape of the
cell body with a long, thick leading process and a short, thin trailing process. This polarization is important for
migration. The motility of migrating neurons is based on cytoskeletal dynamics that require constant remodelling
of the actin and microtubule cytoskeleton. Cofilin is an actin -binding protein that plays an essential role in
enhancing actin filament dynamics and reorganization by severing actin filaments. The activitiy of cofilin is
reversibly regulated by phosphorylation and dephosphorylation at Ser3, with the phosphorylated form being
inactive. Loss of n-cofilin impairs radial neuronal migration, resulting in an altered cortical lamination. To
investigate the roles of n- cofilin and its phosphorylation at Serine3 on the migratory process, we transfected
postmitotic neurons in the cerebral cortex of mouse embryos by in utero electroporation. For this, different
constructs of n-cofilin including point mutations at the serine3 residue were used. Our results showed that
overexpression of n-cofilin and point mutation at Ser3 induced loss of polarization of migrating neurons and
interfered with the migratory process.
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L ocal distribution of serotonin-immunoreactive fibresin mushroom
body compartments of mature cricket brains

Ashraf Mohamed Ali Mashalyl, Friedrich-Wilhelm Schiirmann?

1- Zoology Department, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, KSA
2- Johann-Friedrich-Blumenbach-Institut fiir Zoologie und Anthropologie, Universitaet Goettingen, Berliner Str. 28, 37073 Goettingen,
Germany

The distribution of serotonin-immunoreactive fibres in the brain of the mature cricket was studied by confocal
microscopy. In the cricket Gryllus bimaculatus, 5-HT neurons belong to the class of so-called wide field neurons.
They occur in all brain neuropils including portions of mushroom body compartments. Microglomerular parts of
the anterior and posterior calyces are supplied by a network of 5-HT fibres. In the anterior calyx, 5-HT fibres with
bouton-like specialisations are concentrated in the outer regions of the microglomerular layer. There they occupy
marginal parts of a microglomerulus, in the close vicinity of the strong f-actin-phalloidin stained portions which
characterize KC II dendritic tips around a central PN-bouton. We interpret these extrinsic 5-HT elements as fourth
contributors to a microglomerulus, which is known to contain cholinergic and GABA-ergic extrinsic elements
synaptically coupled to intrinsic Kenyon cell dendrites. We tentatively suggest 5-HT fibres to additional synapse
with Kenyon cell dendrites of type KC II and III. A 5-HT network is found in the outer parts of the stalk among
KC 1II fibres. Large central areas of KC I and II fibres are devoid of 5-HT immunoreactivity, also lacking in the
marginal KC III fibre stalk subcompartment. In the lobes, only parts contain 5- HT fibres. There, the tiny 5-HT
fibres are of the varicose fibre type. Especially the compact KC I fibre bundle and adjacent KC II fibres in the
lobes lack supply with 5- HT immunostained elements. Interestingly, the distribution of 5-HT fibres is apparently
restricted to older, early generated KC II fibres with marginal positions in the mushroom body compartments.
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Developmentally regulated protein synthesisin dendrites

Elmer Rodrigo Antileo Ibarral, Peter Landgraf 1, Thilo Kéihne3 , Karin Richter4, Karl-Heinz
Smallaz, Daniela C. Dieterich!

ILeibniz Institute for Neurobiology Magdeburg, Neurochemistry ,Emmy Noether Research Group Neuralomics,Magdeburg, Germany
2Special Lab. Mol. Biol. Techniques, Leibniz Institute for Neurobiology, Magdeburg, Germany
3nstitute of Experimental Internal Medicine, Otto-von-Guericke University, Magdeburg, Germany

Hnstitute of Biochemistry and Cell Biology, Otto-von-Guericke University, Magdeburg, Germany

Dendrites are extensions of the cell body of neurons specialized for receiving and processing synaptic inputs by
providing biochemical compartments for local control of signaling mechanisms. Dendritic responses to synaptic
activity rely on the ability of spines to regulate protein synthesis and degradation. The feasibility of local protein
synthesis is suggested both by the existence of ribosomes and mRNAs localized in dendrites, and translation of
these mRNAs contributes to synaptic plasticity. At present, however, it is unclear if local protein translation in
dendrites is a hallmark of mature neurons or if local protein synthesis is an innate feature of dendrites, i.e. present
already at early stages during development of neurons, and therefore, possibly involved in synaptogenesis. In this
study we investigate the developmental expression and subcellular localization of different components of the
translational machinery (ribosomes and MetRS) in dendrites. From very early time points on these components are
present along the dendritic processes. At later, more mature stages, cluster-like structures of ribosomes appear
associated with synaptic terminals along dendrites. Additionally, biochemical analysis of fractions enriched for
synaptic structures indicates that the recruitment of the translation machinery and synaptic components to synapses
starts early during development.

In order to analyze these findings in more detail, we identified newly synthesized proteins in isolated, translation-
active synaptoneurosomes (SNS) prepared from dissected rat brains at different developmental stages. In electron
micrograph images of SNS we are able to identify both presynaptic and postsynaptic compartments as well as
astroglial end feeds close to synaptic structures, indicating intact tripartite synapses. Most importantly, SNS are
devoid of any nuclei and nuclear proteins. For analysis and identification of newly synthesized proteomes we
applied the recently developed BONCAT (bioorthogonal non-canonical amino acid tagging) technology, followed
by affinity purification and two- dimensional mass spectrometry. BONCAT capitalizes on the co-translational
introduction of the unique chemical azide functionality into newly synthesized proteins via the incorporation of the
azide-harboring non- canonical amino acid Azidohomoalanine (AHA) followed by chemo -selective tagging of
azide-labelled proteins with an alkyne-affinity tag using copper-catalyzed [3+2]-azide-alkyne-cycloaddition (click
chemistry). First results of our analysis identify a diverse spectrum of proteins including postsynaptic, presynaptic
and astroglial candidates and suggest that local protein synthesis is not exclusively restricted to mature systems,
but also might occur during brain development.

Supported by the DFG Emmy Noether Program (DCD).
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Estrogen-induced gene expression patterns of juvenile bird song control
nuclel analyzed with a zebra finch specific microarray

Benjamin Wasmerl, Carolina Frankll, Antje Bakkerl, Falk Dittrichl, Manfred Gahr!

IMax Planck Institute for Ornithology, Department of Behavioral Neurobiology, Eberhard Gwinner Strasse , 82319 Seewiesen, Germany

Development and maintenance of bird song are sex hormone sensitive. However, the gene regulatory mechanisms
responsible for these hormonal effects are largely unknown. To address this issue we used a zebra finch specific
whole-transcript expression array (Affymetrix, Santa Clara, CA, USA: MPIO-ZF1) that was developed at the Max
Planck Institute for Ornithology, Germany. The investigations of estrogen-induced gene expression patterns were
conducted with two song control nuclei, the high vocal center (HVC) and the robust nucleus of the arcopallium
(RA). Our previous studies with juvenile male zebra finches have shown that the developmental increase of brain-
derived neurotrophic factor (BDNF) expression in HVC at the onset of song learning is estrogen-dependent and
that its precocious expression can be achieved by an early systemic estrogen treatment. For microarray analyses
HVC and RA samples were taken from such early estrogen-treated males before the RA was innervated by HVC
projection neurons. In total we found 811 (21) up- and 1566 (14) down-regulated genes in the HVC and 1849 (13)
up- and 666 (16) down-regulated genes in the RA of estrogen-treated juvenile males (FDR = 0; expression levels
= 0.5 (1), log2). Gene expression data analyses revealed specific biological pathways to be over-represented after
estrogen administration that are more prominent in the adult compared to the juvenile song control nuclei.
Particularly, we detected an estrogen-responsive cluster of genes that is known to be involved in growth cone
guidance. Higher expression of all semaphorins (7 genes) detected was found in the HVC of control birds but in
the RA of estrogen-treated birds. Remarkably, up-regulation of semaphorin 3A in RA was found to coincide with
an increased expression of its receptor in the HVC.
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Experience-dependent changesin cortical network topology

Markus Butz!, Huib Mansvelder!, Arjen van Ooyen1

VU Universiteit Amsterdam, Department of Integrative Neurophysiology, De Boelelaan 1085, 108 1HV Amsterdam, Netherlands!

The brain is not as hard -wired as traditionally thought. Recent studies reveal a large plastic capacity even of the
mature brain. Activity is a crucial driving force for neural plasticity as there is a reciprocal interaction between
synaptic connectivity and neuronal activity. Connectivity determines the flow of activity and hence the function of
the brain’s networks on the one hand and, onthe other hand, the flow of neuronal activity shapes network
connectivity in the developing but also in the adult brain. This includes changes in the connection strengths of
existing synapses (synaptic plasticity) but also the formation of new synapses and the breaking and rewiring of
existing synaptic connections (structural plasticity). Neurons have a major tendency to keep their activity in a
homeostatic regime which they achieve by adapting their synaptic input spectrum. Here we investigate by a
theoretical modelling study how the local compensation of lasting changes in neuronal activity due to a focal loss
of input (deafferentation) enforces changes in global network topology. We assess networks before and after the
deafferentation by means of graph theory. We predict that networks experiencing a permanent change of the input
pattern tend to develop towards a more randomized topology and a higher in-betweenness of deafferented neurons.
We compare our theoretical findings with recent data from stroke brains. We found that cortical networks
compensate in a comparable way from a central brain lesion (stroke) like from lasting changes in experience
(deafferentation) which may imply a principal mechanism to compensate for disturbances in neuronal activity
homeostasis. We further predict that a small-world topology is most robust against those disturbances as such
networks need the shortest time to return to homeostasis. Since brain network topologies can be extracted from
functional (fMRI) as well as structural neuroimaging (DTI), our modelling study provides testable predictions for
experimental and clinical research.
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I nfluence of retinoic acid, insulin and 20-hydr oxyecdysone on neurite
outgrowth and growth cone turning in locust embryonic neurons

Jeyathevy Sivalingaml, Jorg Meyl, Katrin Gobbels!, Peter Blréiunig1

IRWTH Aachen University, Institute of Biology II, Lukasstrae 1, 52074 Aachen, Germany

Identification of molecules modulating neuritic outgrowth is a major goal in the field of neuroscience and is very
important for different applications.

Retinoic acid (RA), the active metabolite of vitamin A, plays an important role during development and
regeneration in vertebrates, including patterning of the nervous system and neurite outgrowth (Clagett-Dame et al.,
2006). In addition, RA appears to induce positive growth cone turning in regenerating neurons of the adult
mollusc, Lymnaea stagnalis, in vitro (Farrar et al., 2009). Also, in the Locusta migratoria, retinoic X receptor
(RXR) transcripts appear to be present throughout embryogenesis. Locust RXRs bind 9-cis-RA and all-trans-RA
with high affinity, similar to human RXRs (Nowickyj et al., 2008). In insects RXR forms the heterodimerization
partner for the nuclear ecdysone receptor which binds to 20-Hydroxyecdysone (20-HE). The lipophilic molecule
20-HE is an active moulting hormone, involved in the insect development and metamorphosis. It was already
shown, that the presence of 20-HE in the cell culture medium with ganglion explants of locusts enhances the
outgrowth of neurites. A combination of 20-HE with insulin increases neurite outgrowth even further (Vanhems et
al., 1990). Therefore we also tested insulin in our experiments. However in contrast to vertebrate, little is known of
the effects of insulin on invertebrate neurons.

Neurons from Locusta migratoria were used to study the modulating effect of RA and the other above-mentioned
substances on directed neurite outgrowth and growth cone turning. Using the Dunn chemotaxis chamber the
growth behaviour of stimulated neurons was monitored over a time-period of 7 hours. Accordingly, neurons from
young adult locust thoracic ganglion and the entire ventral nerve cord of embryos at 50 — 60% development were

used. The molecules tested included RA (10 M), 20-HE (5pg/ml) and insulin (5pug/ml). The outgrowth was
monitored with an inverted microscope. Adult locust neurons treated with a linear concentration gradient of RA
showed no directional preferences in growth behaviour. Due to the fact that embryonic neurons are in the growth-
and pathfinding stage and furthermore RXRs are detected in the embryonic development stages, neurons from
embryonic locust nerve cord were used for further studies. Growth cone turning and an enhanced neurite
outgrowth is anticipated by the use of RA, 20-HE and insulin.

References:
Clagett-Dame M., McNeill EM., Muley PD., 2006. Role of all-trans retinoic acid in neurite outgrowth and axonal
elongation. J Neurobiol 66: 739-756.

Farrar, N.R., Dmetrichuk, J.M., Carlone, R.L., Spencer, G.E., 2009. A novel, nongenomic mechanism underlies
retinoic acid-induced growth cone turning, J Neurosci, 29 (45): 14136-14142

Nowickyj, S.M., Chithalen, J.V., Cameron, D., Tyshenko, M.G., Petkovich, M., Wyatt, G.R., Jones, G., Walker,
V.K., 2008. Locust retinoic X receptors: 9-cis-retinoic acid in embryos from a primitive insect, PNAS, 28: 9540-
9545

Vanhems, E., Delbos, M., Girardie, J., 1990. Insulin and Neuroparsin promote neurite outgrowth in cultured locust
CNS, Eur J Neurosci, Vol.2: 776-782
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I ntegration of peripheral and central inputsin the developing visual
cortex

Friederike Siegell, Christian Lohmann!
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The development of neuronal networks is regulated by activity-dependent mechanisms. Already at early stages of
development, most brain areas spontaneously generate network activity. For instance, during visual system
development, retinal waves synchronously activate neighboring neurons and sweep across large parts of the retina
before it is sensitive to light. These patterns of neural activity are thought to be crucial for the formation of neural
circuits in the retina and upstream targets of the visual system by means of Hebbian-like mechanisms. Retinal
waves are relayed to the primary visual cortex and mediate important aspects of cortical circuit formation.
However, little is known about the specific patterns of activation on the cellular level during cortical network
events. In addition, how retinal activity contributes to cortical activity patterns in the living animal has not been
investigated so far.

To study synchronous activity in the developing cortical network, we labeled populations of neurons in the visual
cortex of anesthetized neonatal mice with a calcium-sensitive dye and performed two-photon time-lapse imaging
of spontaneous network activity. Subsequently, we modified retinal activity patterns to dissect their contributions
to cortical network dynamics. We abolished retinal activity by means of binocular enucleation or increased the
frequency of retinal activity by binocular injection of forskolin.

Synchronous network events occurred periodically in the visual cortex of neonatal mice and the patterns of cortical
activity were qualitatively distinct. One class of network events was characterized by high cellular participation
rate, high synchronicity and high mean amplitude. In contrast, the other class comprised fewer cells, lower
synchronicity and lower mean amplitude. After the removal of retinal inputs, specifically the frequency of network
events of the second group was reduced. Interestingly, network events of the first class remained unaffected.
Accordingly, pharmacologically increasing the frequency of spontaneous retinal waves yielded the opposite result.
Only the frequency of cortical network events of the second class increased whereas the frequency of the other
group of events was not changed. These results indicate that, already before the onset of vision, retinal inputs have
significant effects on the generation of network activity in the developing visual cortex. Furthermore, our data
suggest that distinct types of cortical network events arise from different brain regions and cooperate during the
maturation of the visual cortex.
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| nvestigating the role of Adenosine receptorsin growth cone physiology

Hartmann Harzl, John-Christian Eilertl, Michael Hartmannl, Silvio Bl’irge1

1Ludwig-Maximilians-Universitéit Miinchen (LMU), Bio Imaging Zentrum (BIZ), GroBhadernerstr. 2-4, 82152 Martinsried, Germany

Growth cones are structures at the tips of growing axons responsible for regulation of motility and guidance of
neuronal processes. The intricate signal transduction network of growth cones is influenced by a multiplicity of
extracellular molecules. In a recent publication we have shown that extracellular concentration gradients of
adenosine can induce growth cone turning of sensory neurons from chicken embryos (E11)[1]. The data indicate
that this effect is at least partially mediated by the adenosine receptor A,,. However, neither the signal

transduction chain(s) nor the intracellular effectors were clarified in that publication. Therefore we investigated the

effect of adenosine receptor stimulation on intracellular signalling molecules (cAMP, Ca?") and on the
cytoskeleton (F-actin).

The main signal transduction pathway of A, receptors is the stimulation of the adenylate cyclase via G4 and a

subsequent increase of the cytoplasmic cAMP concentration[2]. Therefore it is likely that an adenosine stimulus of
growth cones from sensory neurons leads to an increase of the cytoplasmic cAMP concentration. However, other
adenosine receptor subtypes like A; and A3 have an opposite effect on the intracellular cAMP concentration. Here

we investigated the cAMP level by using a fluorescence resonance energy transfer (FRET) probe based on an
“exchange protein directly activated by cAMP” (Epacl). Here we used an adenovirus based transduction system in
order to increase the number of neurons expressing the cAMP sensor protein. In addition we also established the
FRET based cAMP measurement method in PC12 cells and other permanent cell lines heterologously expressing
different adenosinereceptor subtypes.

It is widely accepted that cytoplasmic Ca>" has a key role in regulating growth cone motility[3]. Although there is
little evidence from literature that A, receptor activation is linked to intracellular Ca?" transients we investigated

this possibility. Here we provide evidence that A, receptor stimulation in turn can induce Ca®" release from
intracellular stores.

The peripheral domain of a growth cone is rich in F-actin. One important target of extracellular guidance cues is
this cytoskeletal structure[4]. Hence we investigated the effect of adenosine on the F-actin content of growth
cones. Here we show that adenosine receptor stimulation increases the amount of phalloidin stainable F-actin in
growth cones of chicken sensory neurons.

Altogether the data provided here support the notion that extracellular adenosine in general is influencing growth
cone physiology and in particular is involved in regulation of growth cone motility. To which extent these effects
have a physiological function in plasticity, development and repair of the neuronal system is matter of further
investigation.

1. Grau, B, et al., Purinergic Signal, 2008. 4(4): p. 357-64.

2. Jacobson, K.A. and Z.G. Gao, Nat Rev Drug Discov, 2006. 5(3): p. 247-264.
3. Henley, J. and M.M. Poo, Trends Cell Biol, 2004. 14(6): p. 320-30.

4. Goldberg, J.L., Genes Dev, 2003. 17(8): p. 941-58.
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L ong-range axogenesis of neocortical pyramidal neuronsrequires
transcriptional specification by NEX and NDRF.

Ingo Bormuthl’z, Tomoko Yonemasul, Kuo Yanl’z, Maike Gummertl, Ming Zhang3, Sven
Wichert!, Alexander Pieperl, Weiqi Zhang3, Sandra Goebbels!, Victor Tarabykinl’z, Klaus-
Armin Nave!, Markus H. Schwab!

Max-Planck-Institute of Experimental Medicine, Department of Neurogenetics, Gottingen, Germany.
2Charité, Universititsmedizin Berlin, Institute of Cell Biology and Neurobiology, NeuroCure Cluster of Excellence, Berlin, Germany.

3University of Miinster, Department of Psychiatry, Laboratory of Molecular Psychiatry, Miinster, Germany.

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 NEX (Neurod6) and NDRF (Neurod2) as key
regulators of fasciculation and targeted axogenesis in the neocortex. In NEX/NDRF double mutants, fiber tracts of
neocortical origin are massively reduced or completely absent. Callosal axons, which are most severely affected,
lack expression of the cell adhesion molecule contactin 2, defasciculate in the subventricular zone, and follow
random trajectories within the ipsilateral cortex instead of crossing the midline. In contrast to long-range
axogenesis, generation and maintenance of pyramidal neurons, initial axon outgrowth, dendritogenesis, and
glutamatergic synapse assembly are largely unaffected, and thus under distinct transcriptional control. These
findings demonstrate that neocortical projection neurons require transcriptional specification by neuronal bHLH
proteins to execute an intrinsic program of remote connectivity.
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L oss of polysialic acid causes thalamocortical pathfinding defects and
degeneration of thereticular thalamic nucleus

Iris Rockle!, Miriam Schiff!: 2, Birgit Weinhold!, Herbert Hildebrandt!: 2

'Hannover Medical School, Institute of Cellular Chemistry, Carl-Neuberg-Str. 1, 30625 Hannover, Germany
2Center for Systems Neuroscience (ZSN), Hannover, Germany

Polysialic acid (polySia) is a posttranslational modification of the neural cell adhesion molecule NCAM and
tightly linked to neural development. Genetic ablation of NCAM (N'/ ) or the polySia synthesizing enzymes
ST8&Siall and ST8SialV (II'/'IV'/') leads to a loss of polySia. Surprisingly, however, only polySia-negative,
NCAM-positive 111V mice, but not NCAM- and polySia-deficient animals (N'/ “or I 1v/-N ") exhibit a
severe neurodevelopmental phenotype characterized by defects of major brain axon tracts, including internal
capsule hypoplasia. Here, we demonstrate that misguidance of thalamocortical fibers and deficiencies of
corticothalamic connections contribute to the internal capsule defects of N1V mice. In 1171V animals,
thalamocortical fibers cross the primordium of the reticular thalamic nucleus (Rt) at embryonic day 14.5 normal,
but than fail to turn into the ventral telencephalon, thus deviating from their normal trajectory without passing
through the internal capsule. At postnatal day 1, a reduction and massive disorganization of fibers traversing the Rt
was observed, while TUNEL and cleaved caspase-3 staining indicated abundant apoptotic cell death of Rt neurons
at postnatal day 5. Further during postnatal development, the number of parvalbumin-positive Rt neurons was
drastically reduced in four week old 11”1V mice, but not in the NCAM-deficient N/* or 1" 1V/-N/- triple
knockout animals displaying no internal capsule defects. Thus, degeneration of the Rt in -1V mice may be a
consequence of malformation of thalamocortical and corticothalamic fibers providing major excitatory input into
the Rt. Indeed, apoptotic death of Rt neurons could be induced by lesioning corticothalamic fibers on whole brain
slice cultures. We therefore propose that degeneration of the Rt in polysialylation -deficient, NCAM-positive |1”

1V~ mice is caused by defective afferent innervation due to thalamocortical pathfinding defects.
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Most cerebellar oligodendroglia have an extracerebellar origin

Nora Mecklenburgl, Constantino Sotelol, Salvador Martinez!

ntitute of Neuroscience, Alicante, Experimental Neurobiology, Campus de San Juan, 03550 San Juan de Alicante, Spain

While the origin of oligodendroglia in the prosencephalon and spinal cord has been extensively studied, the origin
of cerebellar oligodendrocytes has been only partially analyzed. To investigate where cerebellar oligodendrocytes
generate and which migratory pathways they follow to reach their adult ultimate locations, in-ovo transplants were
performed using the quail/chick chimeric system. The chimeric embryos were developed up to HH45 (19 days) to
map the localization of donor cells and analyze their phenotype by immunohistochemistry staining. We found that
mesencephalic homotopic and homochronic transplants generated cellular migratory streams from the grafted
epithelium into the host cerebellum, crossing the isthmic borders and entering to the cerebellum via the velum
medullare into the ventral region of the central white matter. Mapping the final location of these mesencephalic
cells showed that they are located in all layers of the cerebellar cortex except the external granular layer. From
their entry into the cerebellum, they were mainly accumulated at the central and folial white matter, as well as in
the superficial regions of the internal granular layer and around Purkinje cells. At this later location, the donor
cells were positive for Vimentin and acquired Bergmann glial features. At the other locations, particularly in the
white matter, they were positive for PLP and Olig2 with oligodendrocytic identity. The combinatory analysis of
the different grafts allowed us to propose a fate map of chick cerebellar oligodendroglia at neural tube stage. Most
oligodendrocytes originate from the central alar plate of the mesencephalic vesicle.
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Neuroligin-1/psd-95 inter actions induce cell mor phology changesvia
lipid domain nucleation.

Maja Kaiser!, Nicole Mende!, Sophie Pautot!

ICenter for Regenerative Therapies Dresden , AG Pautot, Tatzberg 47/49, 01307 Dresden, Germany

Thus far, neuroligin-1 (Nlg-1) has been known as a post-synaptic adhesion signaling membrane protein involved
in initiating synaptic contact. Nlg-1 has previously been shown to trigger presynaptic differentiation in a neurexin
expressing axon. Here, we are reporting that nlg-1 might also play a role in cell morphology changes. Indeed,
when we co-expressed in HEK-293 nlg-1 with psd-95, a scaffolding protein which binds nlg-1 PDZ domain, we
have observed extensive cell morphology changes. Co -transfected cells exhibited long expansions resembling
dendritic branches, as well as a significant increase in cell surface area. We could destabilize these expansions by
adding a PI3K inhibitor. After addition of wortmannin, we observed a retrograde transport of both nlg-1 and psd-
95 from the branches toward the cell body. Depletion of the membrane cholesterol lead to the same observation
suggesting that the formation of these branches are due to lipid membrane domain formation around nlg-1 clusters.
These cholesterol rich domains enable the recruitment of PI3K, which in turns promotes the growth and the
maintenance of these expansions. Moreover, the extent of the growth appeared to be related to the relative level of
expression of nlg-1 and psd-95. Measure of nlg-1 and psd-95 expression level in hippocampal neurons culture
showed similar level when neurons started branching out seeking their synaptic partners. These results taken
together suggest that nlg -1, when clustered by psd -95 at the cell membrane, contributes to the formation of
membrane lipid domain where proteins involved in cell expansion are recruited leading to formation of “dendrite
like” branches.

NLG/psd95 are part of a post-synaptic protein
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Neuromor phogenesis depending on the actin nucleator Cobl requires
complex formation with the F-BAR protein syndapin |

Lukas Schwintzerl, Rashmi Ahujal, Julia Grimml, Nicole Kochl, Michael M. Kesselsl, Britta

Qualmann 1

Universitétsklinikum J ena, Friedrich-Schiller-Universitét Jena, Institut fiir Biochemie I, Nonnenplan 2, 07743 Jena, Germany

Actin cytoskeletal functions in vivo require careful control in time and space. Cortical actin dynamics plays a
critical role in neuromorphogenesis. In developing primary hippocampal neurons, the formation of the dendritic
arbor is dependent on the actin nucleation factor cordon-bleu (Cobl) (Ahuja et al., 2007). The underlying
coordination of Cobl’s actin nucleating activity, however, has remained elusive. Here we describe that syndapin I,
an N-WASP/Arp2/3 complex-interacting F-BAR domain protein that is crucial for proper development of
neuronal morphology (Dharmalingam et al., 2009), interacts with Cobl. Coprecipitations with various Cobl
mutants demonstrate that syndapin I binds to two proline -rich regions within the N-terminal half of Cobl. These
interactions are direct and depend on the SH3 domain of syndapin I — a domain also critically involved in eliciting
syndapin I -mediated increases in dendrite number and dendritic branching. Coimmunoprecipitations demonstrate
that the syndapin I/Cobl complexes are formed in vivo. Reconstitutions in intact cells suggest that syndapin I is
able to recruit Cobl to membranes. Furthermore we present data addressing role of Cobl and syndapin I in
neuromorphogenesis. Coexpression analyses show that both proteins promote dentritogenesis. Importantly, Cobl-
mediated functions in neuromorphogenesis critically rely on syndapin I. Our work provides urgently awaited
insights into the molecular basis for proper neuronal network formation.
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Neuronal growth conesand neurite extension require M 6-glycoproteins

Patricia de Monasterio-Schrader!, Ursula Fﬁnfschillingl, Miso MitkovskiZ, Agnieszka Z.
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'MPI of Experimental Medicine, Dept. of Neurogenetics, Germany
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3Physiological Genomics, Institute of Physiology, Ludwig-Maximilians University Munich, Munich, Germany

Neuronal function depends on the developmental outgrowth of their cellular processes led by structurally and
molecularly specialized growth cones. The tetraspan transmembrane glycoprotein M6A has been implicated in
neurite extension because of its increased abundance at the onset of neurite outgrowth in vivo, its particular
enrichment at the leading edge of growth cones, and according to overexpression studies in vitro. On neuronal
growth cones, M6A and its homolog M6B have an overlapping but non-identical distribution. For the analysis of

neuronal development in the absence of M6-proteins we have generated single-mutant M6A™! and M6B™!! mice,

as well as M6AMI=MeB™MI double-mutants. At the cellular level, we found that the chronic lack of both neuronal
Mo6-proteins significantly impaired neurite extension of cultured cerebellar granule cells as well as cortical
neurons. Moreover, mutant cortical neurons did not react to EphrinA5 induced growth cone collapse. Our results
imply that M6A defines a novel, F-actin free structural compartment at the growth cone tip that exerts adhesive
forces to the substrate. Taken together, M6 -proteolipids organize the structure of neuronal growth cones that is
prerequisite for their normal reaction to guidance cues and neurite extension.
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Neuronal morphology is controlled by the interplay of Cobl and Abpl

Natja Haagl, Lukas Schwintzerl, Rashmi Ahuj al, Julia Grimml, Britta Qualmannl, Michael M.
Kessels!

!Friedrich-Schiller University Jena, Institute for Biochemistry I, Nonnenplan 2, 07743 Jena, Germany

The shaping of