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Mechanisms of cortical reorganization underlying recovery of motor function after stroke
Leonardo G Cohen
Human Cortical Physiology Section, NINDS

Stroke is the leading cause of long-term disability worldwide and a condition for which
there is no universally accepted treatment. The development of new effective therapeutic
strategies relies on a better understanding of the mechanisms underlying recovery of
function. Non-invasive techniques to study brain function including fMRI, PET, TMS,
EEG and MEG led to recent studies that identified some of these operating mechanisms
resulting in the formulation of novel approaches to motor rehabilitation based on
principles of neuroplasticity.

Recent neuroimaging studies documented the involvement of multiple primary and
nonprimary motor regions of both cerebral hemispheres in the process of recovery of
motor function following stroke. In general, patients with no residual impairment show
activation patterns close to those exhibited by normal individuals while those with more
profound impairment activated multiple regions in both cerebral hemispheres. TMS
studies have shown that both primary and nonprimary motor regions contribute to
functional recovery after stroke. Evidence is mounting for the involvement of
interhemispheric interactions as influential factors in the process of motor recovery.

It is clear that functionally relevant adaptive changes take place in the human brain after
focal injury. But can we modulate them? Basic science studies showed that manipulation
of environmental, behavioural, and pharmacological factors can influence cerebral
reorganization. From our knowledge of how the brain responds to focal injury and how
this relates to recovery we can now generate hypothesis-driven approaches to
neurorehabilitation. Recent studies addressed the effects of reduction of somatosensory
input from the intact hand, increase in somatosensory input from the paretic hand,
anaesthesia of a body part proximal to the paretic hand, enhancement of plasticity within
the affected motor cortex, down regulation of activity within the intact motor cortex and
pharmacological interventions on motor performance of a paretic hand. Results from
these studies started to provide valuable data for the development of new strategies in
neurorehabilitation.
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Computing with Neural Ensembles

Miguel A. L. Nicolelis, MD, PhD
Depts. of Neurobiology, Biomedical Engineering,
and Psychological and Brain Sciences
Co-Director, Duke Center for Neuroengineering

In this talk, I will review a series of recent experiments demonstrating the possibility of
using real-time computational models to investigate how ensembles of neurons encode
motor information. These experiments have revealed that brain-machine interfaces can be
used not only to study fundamental aspects of neural ensemble physiology, but they can
also serve as an experimental paradigm aimed at testing the design of modern
neuroprosthetic devices. I will also describe evidence indicating that continuous
operation of a closed-loop brain machine interface, which utilizes a robotic arm as its
main actuator, can induce significant changes in the physiological properties of neurons
located in multiple motor and sensory cortical areas. This raises the hypothesis of
whether the properties of a robot arm, or any other tool, can be assimilated by neuronal
representations as if they were simple extensions of the subject's own body.
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Proteins that move ions across membranes: our evolving picture

Christopher Miller
HHMI, Brandeis University
Waltham, Mass, USA

We do not yet understand how we think, but we do know that movement of ions across nerve
membranes form the physical basis of all mental activity. The physical devices that move these
ions — integral membrane proteins of the channel, pump, and secondary transporter, families --
have now for the first time become visible by x-ray crystallography. In some cases, such as the
K" channels, many of the features of these proteins had been anticipated from close
electrophysiological analysis of their functional properties, of the sort that Roger Eckert would
have found familiar. Others, such as the CLC CI" channels, have produced completely
unanticipated surprises. This lecture will touch upon a few early examples of what crystal
structures have taught us about the basic molecular hardware underlying the generation of
electrical signals in the nervous system.
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AXONAL REPAIR IN THE ADULT MAMMALIAN CENTRAL NERVOUS SYSTEM.
Schwab, Martin E., Chair of Neurosciences, Brain Research Institute, University
of Zurich and Department of Biology, ETH Zurich, Winterthurerstr. 190, 8057
Zurich, Switzerland.

Spinal cord injuries with very extensive destruction of ascending and descending
fiber tracts lead to paralysis without or with only minimal functional recovery (ASIA
A,B). In contrast, smaller lesions which spare parts of the white matter can be
followed by substantial functional recovery. Extensive rehabilitative training is
required to reach an optimal, well adapted level of function. The neuroanatomical
basis for this recovery process is not known. Animal experiments show that injured
fiber tracts in spinal cord or brain show a spontaneous but small regeneration
response. In the case of the pyramidal tract of the adult rat, transected hindlimb fibers
sprout into the cervical spinal cord and form new contacts with spared propriospinal
axons running from the cervical to the lumbar cord. In this way a new, indirect circuit
is formed which allows to transmit information from the motor cortex to the hindlimbs
through a cervical relay pathway. This spontaneous nerve fiber growth is limited in
distance to about 1 mm, however.

Specific proteins were discovered in the adult spinal cord and brain that inhibit nerve
fiber growth in the adult organism. A major factor is found in the myelin sheath of the
fiber tracts and is called Nogo-A. The growth-inhibitory effect of Nogo-A can be
neutralized by specific antibodies in vitro and in vivo. Infusion of Nogo neutralizing
antibodies into the CSF of adult spinal cord injured rats or macaque monkeys leads
to a massive enhancement of regenerative fiber growth. Extensive tests of locomotor
behavior (rats) and skilled hand movements (monkeys) show a high degree of
restoration of function. These findings indicate that adult spinal cord fibers can be
stimulated in their regenerative ability, and that these growing fibers are able to form
new circuits that mediate functional recovery in the absence of malfunctions. These
results in animals form the basis for the development of a new therapeutic approach
in spinal cord injured patients.
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Reward, Value and Decisions
William T. Newsome

Howard Hughes Medical Institute and Department of Neurobiology
Stanford University School of Medicine

Abstract

In the study of decision-making, psychophysicists and sensory physiologists traditionally
emphasize the effects of sensory stimuli on the outcome of the decision process. Psychologists
and economists, however, have long known that decision-making is influenced not only by the
sensory stimulus, but also by an organism’s prior experience or beliefs concerning the “value” of
the alternative choices, expressed in terms of likely positive or aversive consequences. Brain
circuitry that mediates decision-making must presumably reflect both influences, and we have
recently been able to demonstrate both effects at the behavioral and neurophysiological levels. To
measure “‘experienced value” objectively, we have developed a probability matching paradigm for
rhesus monkeys in which the animal’s valuation is revealed through the proportion of choices
allocated to alternative behaviors. In neurophysiological recordings, we have found that neurons in
the lateral intraparietal area (LIP) code experienced value, although LIP is unlikely to be the site
where experienced value is originally computed. Our results to date suggest that signals from
multiple sources within the brain, including representations of sensory stimuli as well as internal
valuation converge in areas such as LIP to render simple behavioral decisions.
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Conditional gene replacement: the benefits of a direct link between loss of gene expression and reporter
activation

Martin Theis

Center for Neurobiology and Behavior, Columbia University, New York, U.S.A., mt2050@columbia.edu

Cre recombinase activity for cell-type restricted deletion of floxed target genes (i.e. flanked by Cre recognition sites)
is often measured by a separate recombination-activated reporter gene. However, recent reports on locus-dependent
differences in the susceptibility to recombination of floxed DNA question the usefulness of Cre-excision reporter
mice to monitor deletion of the actual target gene. Here we demonstrate the benefits of a direct link between reporter
gene expression and target gene deletion.

By gene targeting, we generated a floxed connexin43 (Cx43) mouse line, in which a lacZ reporter gene was activated
upon Cre-mediated recombination. Cell-type restricted Cx43 deletions were obtained by interbreeding with Cre
transgenic mice. Cre activity leading to loss of Cx43 expression was monitored by gain of lacZ expression, encoding
beta galactosidase, whose activity was determined by X-gal staining.

Mice with Cx43 deletion in all cells showed a lacZ expression pattern which matched the endogenous Cx43
expression pattern. In mice with hGFAP-cre mediated deletion of Cx43, the floxed allele was recombined in neurons
besides astrocytes, yet lacZ expression indicative of loss of Cx43 expression occurred only in astrocytes and not in
neurons. Thus, the lacZ gene indicated phenotypically relevant recombination leading to loss of Cx43 expression at
the cellular level.

The conditional replacement of Cx43 by a reporter gene indicated loss of target gene expression as a positive signal,
i.e. by gain of lacZ expression. This feature was very helpful in delineating subsets of cells with Cre-mediated loss of
Cx43 expression which were surrounded by other cell types still expressing Cx43 at high levels, such as putative
neural crest cells targeted by an Insulin promoter Cre transgene during development.

The lacZ reporter gene embedded in the floxed Cx43 allele is so far the best functional reporter for astrocytes: Our
lacZ reporter strongly indicated Cre-mediated recombination in astrocytes, whereas conventional Cre-excision
reporter mice did not properly indicate gene deletion in this cell type.

It is assumed that cell-type specific Cre-mediated recombination is reliable and invariant between different individual
animals. However, X-gal staining of a large number of mice (>30 for each line) with different restricted Cx43
deletions indicated that spontaneous ectopic Cre activity is a common phenomenon among most Cre lines tested,
raising concerns about the reproducibility of Cre action. Individual mice with non cell-type specific recombination
had to be identified and discarded, a task which was strongly facilitated by the embedded lacZ gene.

Conclusions: The conditional replacement of a floxed gene by a reporter gene 1) focuses on phenotypically relevant
deletion, 2) highlights targeted cells with gene inactivation which are surrounded by other cell types still expressing
the target gene at high levels, 3) guarantees functionality of the Cre-excision reporter in the cell type of interest and
4) allows a rigid control for proper Cre-mediated gene inactivation at the cellular level after phenotypical assessment
of individual mice.

Support:
Martin Theis received a fellowship of the Graduiertenkolleg “Pathogenese von Krankheiten des Nervensystems”.
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Comparison of Different Forms of Synaptic Plasticity in the Hippocampus

Dietmar Schmitz

Neuroscience Research Center, Charité, Universitidtsmedizin Berlin, Schumannstr. 20/21, 10117 Berlin

How does our central nervous system encode information on environmental changes and
experience into short- and long-term memories? It is now generally accepted that activity-
dependent changes in synaptic efficacy are critically involved in certain forms of learning and
memory, with long term potentiation (LTP) as well as long term depression (LTD) as
bidirectional examples of these changes. In this context, NMDA-receptor dependent LTP in area
CA1 of the hippocampus represents the most widely studied form of synaptic plasticity. On the
other hand, hippocampal mossy fiber synapses also show a form of LTP, however, this form of
plasticity is NDMA-receptor independent and presynaptically expressed. Furthermore, mossy
fiber synapses exhibit pronounced short term dynamics, in which the size of synaptic currents
depends critically on the specific history of presynaptic spike activity. This phenomenon results
in a huge variability in the postsynaptic responses (see Figure). The talk will compare the
different forms of synaptic plasticity within the hippocampus, present some of the underlying
molecular mechanisms.

a Figure: Short term dynamics at the
hippocampal mossy fiber synapse.
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Supported by the DFG Schm 1383/3-3 and the SFB 618 ‘Theoretical Biology’.
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GABAergic interneurons at the cellular and network level

Hannah Monyer

Department of Clinical Neurobiology, Univ. Heidelberg, INF 364, 69120 Heidelberg,
Germany.

Analysis of single identified neurones in acute brain slices with respect to their
electrophysiological and molecular characteristics revealed cell-specific use of different
genetic mechanisms in the generation of functionally different glutamate receptors. The
question as to the functional significance of different AMPA receptors on interneurones at the
system level will be discussed. We have approached this problem by generating transgenic
mice with altered AMPA receptors in interneurones. Thus, mice lacking the GIuR-D subunit
showed altered LTP, perturbed synchronous network activity and changed behaviour in
hippocampus-dependent tasks.

In addition, gap junction-forming proteins and their differential expression in the central
nervous system appears to be a key determinant for synchronous oscillatory network activity.
Expression and functional data will be presented and the functional significance of gap
junctions at the cellular and system level will be discussed. Furthermore, we have GFP-tagged
different neuronal gap junction proteins to investigate their localization in different neuronal
compartments.

Furthermore, using transgenic approaches we have generated mice in which the in vivo
marker EGFP is expressed in specific interneurone subpopulations. The easy identification of
neuronal subpopulation in the acute slice preparation will help in the functional
characterization of native receptors in neurones that are critical in cotrolling network
behaviour. These mice will also help in establishing the participation of specific neuronal cell
types for the generation of synchronous oscillatory activity at specific frequencies.
Furthermore, in these mice it is easy to identify intercellular communication via electrical
synapses and establish their contribution for rhythmic oscillatory network activity.
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Introductory Remarks to Symposium 1
Threshold currents: modulators of neuronal excitability
Jirgen R. Schwarz, Hamburg

Information processing within the brain involves the generation of action potentials which are
responsible for fast communication between nerve cells. Action potentials have a short
duration and are generated by a transient influx of Na" and a subsequent outflow of K*
through voltage-gated ion channels. In addition to these canonical channels, nerve cells are
equipped with a large number of voltage-gated and Ca**-gated ion channels which are able to
modulate the action potential parameters. These "threshold currents” do not only influence the
threshold potential, they can also change the action potential duration, induce various forms
of afterhyperpolarizations and set the interspike interval. By modulating the shape of action
potentials and spiking patterns they are able to change information processing in neurons, thus

contributing to neuronal plasticity.

In and M-current belong to the most important threshold currents. I, is a pacemaker current,
mediated by hyperpolarization-activated cyclic-nucleotide-gated cation channels (HCN). The
M-current is mediated by members of the family of voltage-gated KCNQ channels. One
important function of M-currents is the induction of frequency adaptation. The current
mediated by ether-a-go-go-related gene K* channels (erg) takes part in repolarizing the heart
action potential. Erg channels have recently been shown to also modulate neuronal electrical
activity. The symposium includes the A-type current mediated by voltage-gated K* channels
of the Kv4 family, and Ca**-gated SK channels. Both types of current are involved in the

modulation of the frequency of action potential firing.

The symposium will start with an overview of the transgenic animal models which are used to
study the properties of e.g. KCNQ, ERG and HCN channels. The following talks will cover
the molecular and biophysical properties of each of the channels and provide insight into the
study of their complex subunit composition and mechanisms of regulation underlying their
physiology. The chosen speakers have expert knowledge about the molecular properties and

physiology of the ion channels mediating the different types of threshold currents.
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Transgenic mouse models for the study of M-channels

Dirk Isbrandt!, H. Christian Peters'#, Hua Hu?#, Johan F. Storm?, Olaf Pongs®

! Institut fir Neurale Signalverarbeitung, Zentrum fiir Molekulare Neurobiologie
Hamburg, Martinistrasse 52, 20246 Hamburg, Germany

% Department of Physiology, Institute of Basal Medical Sciences, and Centre for
Molecular Biology and Neuroscience, University of Oslo, PB 1103, Blindern, N-
0317 Oslo, Norway

The presentation will give an overview on mouse models presently available for the
study of M-channels and primarily focus on our own work. M-channels have been
implicated in inherited human epilepsy linked to mutations in KCNQ2 or KCNQ3. We
generated transgenic mice with a conditional functional M-channel knockout in brain.
M-current-deficient mice developed spontaneous seizures, marked morphological
alterations in hippocampus and conspicuous behavioral hyperactivity. Hippocampal
CA1 neurons of these mice exhibited markedly increased excitability, reduced spike
frequency adaptation, attenuated medium afterhyperpolarization amplitudes, and
altered intrinsic resonance properties. Restriction of transgene expression to defined
developmental periods revealed that attenuation of M-current in the first weeks of life
was correlated with the development of morphological alterations. In contrast, mice
that had functional M-channels during this period developed normal hippocampi
albeit their CA1 neurons showed similar changes in their biophysical properties. As
adults, these mice showed only a mild hyperactivity, but also signs of abnormally
increased neuronal excitability and cognitive deficits. Our results strongly support the
notion that M-channels are critical determinants of cellular and neuronal network
excitability; their attenuation has far-reaching consequences for brain morphology,

behavior and cognitive performance.
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KCNQ/ M - currents
David A. Brown.

Department of Pharmacology, University College London
Gower Street, London, WC1E 6BT, UK

M-current was originally identified as a voltage-gated K-current with a threshold of around -60
mV, which activated relatively slowly (in tens of msec) with membrane depolarization, and which
served to dampen repetitive spike discharges rather than to repolarize individual action potentials
(Adams & Brown, 1980; Brown et al., 1982; Brown, 1988). A key property was its inhibition
following stimulation of muscarinic acetylcholine receptors (hence the “M”), with consequent
facilitation or induction of spike trains. More recently, it has been established that the subunits of
the channels responsible for this current are composed of members of the KCNQ (Kv7) gene
family — most notably KCNQ2 and 3 (Wang et al., 1998) - though all members of this family
(KCNQ1-5) can generate M-like currents (Jentsch, 2000; Selyanko et al., 2000). KCNQL1 is
confined to the heart, epithelial and smooth muscle, and KCNQ4 primarily to the auditory system,
but KCNQ2,3 and 5 are widely distributed in the central and peripheral nervous system. Minor
mutations in human KCNQ2 and 3 genes cause a form of juvenile epilepsy (Benign Familial
Neonatal Convulsions, BFNC), while mutations in KCNQ4 generate a form of progressive
deafness. In mice, deletion of the KCNQ2 gene is postnatally lethal in homozygotes, while
heterozygotes show enhanced sensitivity to epileptogenic agents (Watanabe et al., 2000).

Some outstanding questions with respect to their role in neuronal function are as follows:

(1). Most native M-channels appear to be formed by heteromeric assembly of KCNQ3 with KCNQ2
and/or KCNQ5 (e.g., Shah et al., 2002; Hadley et al., 2003). To what extent does subunit
composition affect kinetics and function? Likewise, KCNQ2 and 3 show multiple splice variants,
some of which affect current kinetics (Pan et al., 2001): how important is this?

(3). Why are the effects of spontaneous mutations in human KCNQZ2 transient? Is it because of
secondary neuronal adaptation (Okada et al., 2003) or is there developmental substitution by
other subunits? Recent experiments on KCNQ2 ‘knock-out’ mice will be described in this context.

(4). Some evidence suggests that KCNQ channels are involved in pain regulation (Passmore et
al., 2003): what other specific neuronal functions are they important for?

References.
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Neuronal erg K* currents

Christiane K. Bauer', Wiebke Hirdes', Michaela Schweizer?, Kristina S. Schuricht!, Saskia S.
Guddat?, Iris Wulfsen', Jirgen R. Schwarz*

Institute of Applied Physiology" and Center for Molecular Neurobiology, ZMNH?, University
Hospital Hamburg-Eppendorf, University of Hamburg, Martinistr. 52, D-20246 Hamburg.

Erg (eag-related gene) K* channels form one subfamily of the voltage-gated EAG (ether-a-go-
go gene) K" channels and consist of three members, ergl-3. The best known function of an
erg current is its contribution to the repolarization of the heart action potential. Inherited or
acquired malfunction of erg channels induce one form of long QT syndrome (LQT-2) which
may lead to heart arrhythmia and sudden death. In the heart, only isoforms of ergl are
expressed, whereas erg2 and erg3 subunit expression has been described to be nervous
system-specific (Shi et al., 1997). Erg-mediated currents have also been recorded in various
other types of excitable cells, e.g. in neuroblastoma cells, smooth muscle fibres and
neuroendocrine cells. In these cell types erg currents serve the function of threshold currents,
which modulate cell excitability, e.g. by changing the resting membrane potential (reviewed
by Bauer and Schwarz, 2001). Since erg channels exhibit an inverse gating behaviour with
inactivation being faster than activation, and recovery from inactivation being faster than
deactivation, they are functional inward rectifier channels.

In rat brain, the three erg-channels are differentially expressed (Saganich et al., 2001). Ergl is
present predominantly in several brainstem nuclei and in the cerebellum, erg2 in olfactory
bulb mitral cells and erg3 in neurons of the cerebral cortex and hippocampus. A recent study
by Papa et al. (2003) confirmed these results, but also demonstrated a more generalized
expression of the three erg channels in the rat brain. Up to now, little information is available
concerning the biophysical properties of neuronal erg currents and their possible function.
There is only one report about erg currents in mice Purkinje cells (Sacco et al., 2003).

We have now characterized a fast erg current in neurons dissected from the median part of rat
embryonic rhombencephala (E15-16) in primary culture. A relatively uniform erg-like current
was regularly found in large multipolar serotonergic neurons, and occurred also in other
neurons less well characterized. This current was sensitive to the antiarrhythmic substance
E-4031 confirming that it was carried by erg channels. Single-cell RT-PCR revealed the
expression of ergla, erglb, erg2 and erg3 mRNA in different combinations in large multipolar
neurons exhibiting erg current. These cells regularly contained neuronal tryptophan
hydroxylase, a key enzyme for serotonin production. A comparison of the neuronal erg
current with ergla, erglb, erg2 and erg3 currents in CHO cells showed that the voltage- and
time-dependence of activation and deactivation of the native current was within the range
determined for the heterologously expressed erg currents. Our data suggest that the erg
channels in rat embryonic rhombencephalon neurons may be heteromultimers formed by
different erg channel subunits.

Bauer CK & Schwarz JR (2001). J Membr Biol 182, 1-15.

Papa M, Boscia F, Canitano A, Castaldo P, Sellitti S, Annunziato L et al. (2003). J Comp
Neurol 466, 119-135.

Sacco T, Bruno A, Wanke E & Tempia F (2003). J Neurophysiol 90, 1817-1828.

Saganich MJ, Machado E & Rudy B (2001). J Neurosci 21, 4609-4624.

Shi W, Wymore RS, Wang HS, Pan Z, Cohen IS, McKinnon D et al. (1997). J Neurosci 17,
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Threshold currents in hippocampal neurons

Johan F. Storm, Hua Hu, Koen Vervaeke and Ning Gu

Institute of Physiology, IMB and Centre for Molecular Biology and Neuroscience,
University of Oslo, 0317 Oslo, Norway.

In addition to the fast and large ionic currents underlying the action potentials, neurons are equipped with a range of ion
channel types that primarily operate in the sub-threshold voltage range, i.e. at membrane potentials negative to the action
potential threshold. Although the sub-threshold currents mediated by these channels are relatively small, they can play
pivotal roles in determining the spike timing, frequency and pattern in response to stimuli, thus shaping the information
processing of the neuron.

Accordingly, neuronal ion channels may be crudely divided into three functional classes: (1) Those activated in the sub-
threshold voltage range, i.e. even prior to occurrence of an action potential, thus being able to influence the initial spike
timing and patterning, and to some extent spike threshold, amplitude and duration. (2) Those that rapidly activate and
deactivate during the action potential, primarily serving to generate the spike itself. (3) Channels that activate during the
spike, but remain open for longer, thus causing afterpotentials and feedback regulation of excitability and subsequent
spiking. The latter class include several calcium-activated channels that cause after-hyperpolarizations (AHPs), after-
depolarizations (ADPs), and related spike frequency adaptation and bursting.

In this presentation I will focus on ion channels that primarily operate in the sub-threshold voltage range in CAl
hippocampal pyramidal cells — an intensively studied cell type of special interest in relation to certain forms of learning and
memory, as well as to brain disorders like epilepsy, brain ischemia, and dementia.

First, I will discuss channels that regulate excitability and spike timing in response to excitatory stimuli, including
temporal integration, postsynaptic modulation of excitatory synaptic input, and modulation of the threshold for long-term
synaptic plasticity. Further, mechanisms of sub-threshold resonance that provide a basis for coherent network oscillations
will be discussed. Such oscillations are correlated with behavioural states. In particular, CA1 pyramidal neurons show
resonance at theta (8) frequencies (2-7 Hz) and participate in 6 network oscillations during exploration, spatial learning and
REM sleep. We combined whole-cell recordings from CA1 pyramidal cells and computational modelling to study the
mechanisms underlying 6-resonance. Oscillating current injections revealed clear 6 resonance with peak impedance at 2-7
Hz, while the three underlying sub-threshold currents were measured by voltage clamp: (1) M-current (/) and (2) persistent
Na" current (/nop) both activated positive to —65mV, and (2) h-current (1) activated negative to —65mV. Current clamp
recordings and computer simulations showed that these cells have two forms of 0 resonance: M-resonance generated by the
M-current and persistent Na' current in depolarized cells, and H-resonance generated by the h-current in hyperpolarized
cells. Our subsequent studies of transgenic mice lacking M-current, showed that these animals lacked M-resonance and
were impaired in hippocampus-dependent learning (Peters et al., submitted ). These results suggest a novel function for M-
/KCNQ-channels in the brain: to facilitate neuronal resonance and network oscillations in cortical neurons, thus providing a
basis for an oscillation-based neural code.

Next, I will discuss mechanisms of spike repolarization and modulation of action potential duration, and finally
mechanisms and functions of after-potentials and feedback regulation of excitability in CA1 hippocampal pyramidal cells.
The focus will be on the roles of several types of voltage- and Ca-activated channels (A, D, M, h, BK, SK, sAHP. NaP
channels), in causing and regulating AHPs, ADPs, spike frequency adaptation and bursting, including the mechanisms
underlying the sequence of three AHPs: the fast (FAHP), the medium (mAHP), and the slow AHP. In particular, a novel role
of the persistent Na current in feed-back regulation of excitability, spike frequency and dynamic range will be discussed.
The presentation is based on previous and recent results from intracellular, somatic and dendritic whole-cell recordings from
CA1 pyramidal cells, using current- and voltage clamp, as well as dynamic clamp and detailed computational modelling of
the electrical activity in this cell type.

Ramakers, G.M.J., and Storm, J.F. (2002). Proc Nat Acad Sci USA 99: 10144-10149.
Storm, J.F. (1988) Nature 336: 379-381
Hu, H., Vervaeke, K., and Storm, J.F. (2002). J. Physiology 545: 783-805.
Storm, J.F. (1987) J Physiol 385: 733-759
Shao, L.-R. et al. J Physiol 521: 135-146.
Hu, H. et al. J Neurosci 21: 9585-9597.
Storm, J.F. (1989) J Physiol 409: 171-190
Pedarzani, P. and Storm, J.F. (1995). Proc Nat Acad Sci USA 92:11716-20.
Pedarzani, P. and Storm, J.F. (1993). Neuron 11:1023-1035.

. Sailer, C.A., et al. (2002) J Neurosci 22:9698-707

. Vervaeke K, Hu H, Storm JF. (2004) FENS Abstr. Vol 3

. Gu, N, Hu H, Vervaeke, K and Storm JF (2004) FENS Abstr. Vol 3

. Peters H.C., Hua H., Pongs O., Storm J.F., Isbrandt, D. (submitted)
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I: pacemaker current for rhythmic activities in the thalamus
during sleep and epilepsy

Hans-Christian Pape, Tatyana Kanyshkova, Luigi Caputi, Rainer Staak, Christian
Abrahamczyk, Thomas Munsch, and Thomas Budde

Institut fur Physiologie, Medizinische Fakultat, Otto-von-Guericke-Universitét,
39120 Magdeburg

The neurons and synaptic networks of the thalamo-cortical system that maintain rhythmic
electroencephalographic activities during sleep are considered important elements also for the
generation of spike-and-wave discharges characterizing absence seizure during petit-mal
epilepsies. Rhythmogenesis in this system largely depends on intrinsic pacemaker properties
of thalamic neurons and their synaptic interrelations. Through the use of established genetic
rat models of absence epilepsy, the Wistar Albino Glaxo Rats from Rijswik (WAG-Rij) and
the Genetic Absence Epilepsy Rats from Strasbourg (GAERS), dysfunctions could be
identified on the molecular, cellular and systems level that are critically involved in seizure
generation. One focus is on the hyperpolarization-activated cyclic-nucleotide (HCN) gated
channels and the respective current (I), which function as important pacemakers for rhythmic
neuronal activity during sleep. Our present results indicate that the expression pattern and
properties of the channel proteins are altered in the thalamus from epileptic compared with
non-epileptic animals, in a period of time prior to seizure occurrence. In Vvivo,
pharmacological blockade of HCN channels resulted in a prolongation of burst discharges in
thalamo-cortical relay neurons related to spike-and-waves on the electroencephalogram
during spontaneous absence seizures. In vitro analyses in thalamo-cortical neurons revealed a
hyperpolarizing shift in the voltage dependence of Iy in epileptic compared with non-epileptic
control animals, due to an impaired regulation by intracellular cyclic AMP that was associated
with an increased expression of HCN1 subunits possessing low cyclic AMP sensitivity.
Functionally, this dysfunction of I, prevented the shift from burst to tonic firing in thalamo-
cortical neurons, thereby facilitating the generation of spike-wave discharges during absence
seizures.

In summary, these results indicate that HCN channels control rhythmic activities in thalamic
synaptic networks during spike-and-wave discharges and that in imbalance in the expression
pattern of HCN subunits results in an impaired regulation by intracellular cyclic nucleotide
that, in turn, makes an important contribution to absence seizure generation and
epileptogenesis.

Supported by grants from the Deutsche Forschungsgemeinschaft
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Molecular determinants and function of A-type currents in dopaminergic midbrain

neurons

Jochen Roper

Institute of Physiology, Philipps-University Marburg, Germany

Fast inactivating voltage-gated potassium (A-type K) channels are present in many
central and peripheral neurons where they control integration of synaptic inputs and
spontaneous discharge. Somatodendritic A-type channels are oligomeric protein
complexes, which contain pore-forming a-subunits of the Kv4-familiy as well as auxiliary
beta-subunits of the KChip- and DPPX-familiy. We used qualitative and quantitative
single-cell MRNA expression profiling to address the functional and molecular diversity
of a—p combination in identified dopaminergic (DA) midbrain neurons. DA neurons in the
substantia nigra (SN) expressed Kv4.3 and Kchip3 mRNAs and fast-inactivating A-type
K channels. The number of functional A-type K channels in single DA SN neurons was
linearly correlated with the number of Kv4.3 and KChip3 cDNA molecules detected by
single-cell real-time RT-PCR indicating a tight transcriptional control of the functional
pool of A-type K channels in individual neurons. In addition, the number of functional A-
type K channels determined the spontaneous firing rate of SN DA neurons. DA neurons
in the ventral tegmental area (VTA) possessed slowly inactivating A-type K currents and
expressed additional KChip subunit mRNAs. Quantitative single-cell RT PCR
experiments revealed a correlation between the ratio of KChip4/KChipl cDNA and the
inactivation kinetics of A-type K currents. Immunocytochemical experiments revealed
that KCHip4 protein is preferentially expressed in DA neurons projecting to prefrontal
cortical areas in contrast to subcortical areas like dorsal striatum and nucleus
accumbens. We currently carry out experiments to understand the functional role of

slowly inactivating KChip4-containing A-type K channels in meso-prefrontal DA neurons.
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Dynamic Response Properties of Type-l Excitable Membranes

Theo Geisel, Bjorn Naundorf, Fred Wolf
Dept. of Nonlinear Dynamics, Max-Planck Institut fiir Stromungsforschung, Géttingen, Germany

We study the dynamic response properties of Type-I neuronal oscillators in the presence of either a temporally correlated or
an uncorrelated noise in a generalization of the f-neuron [1,2] with an adjustable action potential onset speed. We calculate
the transmission functions for small sinusoidal modulations in the mean input current and in the noise amplitude.

Surprisingly the decay of the transmission function in the high frequency limit is completely independent of the action
potential onset dynamics and however strongly depends on the phase 6 of the oscillator at which a spike is emitted: If at 6
the dynamics is insensitive to external inputs, the transmission function decays as (i) w2 for the case of a modulation of a
white noise input and as (ii) w2 for a modulation of the mean input current in the presence of a correlated and uncorrelated
noise as well as (iii) in the case of a modulated amplitude of a correlated noise input. If the insensitivity condition is lifted,
the transmission function always decays as w ™!, as in conductance based neuron models and in contrast to integrate-and-fire
models, which predict a non-decaying transmission function in the high frequency limit.

Using a novel sparse matrix representation of the Fokker-Planck operator we compute the full transmission function for
arbitrary frequencies and both types of input stimulation. We show that frequencies up to the stationary rate of the neuron
are in general transmitted unattenuated. In the classical #-neuron, the transmission function decays rapidly to zero for larger
frequencies. When the action potential onset speed is increased this decay can be shifted to very large frequencies up to
1kHz, where the transmission amplitude for modulations in the noise amplitude is typically much larger for high frequencies
than for a modulation in the mean input current.

Our results identify the generalized #-neuron as a simple phase neuron model, which, while still being tractable analytically,
accurately reproduces the dynamic response properties of real neurons. They corroborates and extend recent reports [3,4],
indicating that integrate-and-fire models are incapable of mimicking the dynamical response properties of conductance
based model neurons. In addition our new method provides efficient computational tools for the analysis of dynamical
neuronal responses.

[1] Ermentrout GB, Kopell N (1986). Parabolic bursting in an excitable system coupled with a slow oscillation. SIAM-J.-
Appl.-Math., 2

[2] Gutkin BS, Ermentrout GB. (1998). Dynamics of membrane excitability determine interspike interval variability: a link
between spike generation mechanisms and cortical spike train statistics. Neural Comput., 10

[3] Naundorf B, Geisel T, Wolf F. (2003). The Intrinsic Time Scale of Transient Neuronal Responses. xxx.lanl.gov,
physics/0307135, e-print

[4] Fourcaud-Trocm@N, Hansel D, van Vreeswijk C, Brunel N. (2003). How spike generation mechanisms determine the
neuronal response to fluctuating inputs. J Neurosci., 23

This work was supported by the Max-Planck Society.
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FIGURE 1: Sketch of the phase reduction of the Morris- FIGURE 2: Example trajectories of the generalized #-neuron
Lecar conductance based neuron model leading to the #- with increasing values of the action potential onset speed
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Introductory Remarks to Symposium 2
Amyloid and Neurodegeneration
Klaus Fassbender, Goéttingen

Since most neurodegenerative diseases share the key feature of a deposition of pathologically
folded amyloidogenic proteins, e.g., Alzheimer's disease (amyloid peptide), Parkinson's
disease (a-synuclein), amyotrophic lateral sclerosis (SOD), Huntington's disease (huntingtin),
certain forms of ataxia (ataxin) and even prion diseases (prion-protein), common mechanisms
could contribute to neuronal injury in these different disorders. Therefore, this symposium
targets on such rather universal mechanisms how excessive formation and deposition of these

different peptides may ultimately injure brain tissue.

M. Jucker will report key tools for investigation of neurodegenerative diseases, i.e., animal
models of cerebral amyloidoses. Prion diseases, although representing a very specific group
of diseases, possess striking similarities with Alzheimer's disease, e.g., the progressive
accumulation of pathologically folded proteins. The molecular biology of these diseases will
be covered by A. Aguzzi. Neuroinflammation is a histopathological feature of nearly all of
these neurodegenerative diseases. The role of innate immunity receptors in Alzheimer's
disease, prion diseases and further neurodegenerative diseases will be discussed (K.
Fassbender). T. Bayer will address the potential importance of the intraneuronal accumulation
of amyloid peptide in mediation of neurodegeneration in Alzheimer's disease. Finally K.
Beyreuther will discuss general principles of neuronal damage by amyloid, focusing on the
crucial relationship between amyloid and axonal transport in Alzheimer's disease, the

prototype of brain amyloidoses.
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Transgenic Mouse Models of Cerebral Amyloidosis

Mathias Jucker, Martin Herzig, Melanie Meyer-Lithmann, Janaky Coomaraswamy,
Rebecca Radde, Tristan Bolmont, Stephan Késer

Department of Cellular Neurology, Hertie-Institute for Clinical Brain Research,
University of Tubingen, D-72076 Tubingen, Germany

Cerebral proteopathy is a unifying term for cerebral neurodegenerative diseases in which
aggregated proteins are abnormally deposited in the brain. The hallmark proteopathy is
Alzheimer’s disease (AD) in which fibrillar amyloid-B (AP) peptide is deposited
extracellularly in the form of parenchymal plaques, as well as in the vasculature resulting
in cerebral amyloid angiopathy (CAA). To understand how abnormal protein processing
and aggregation leads to cerebral amyloidosis, cellular dysfunction, and dementia, several
amyloid precursor protein (APP) transgenic mouse models have been generated that
develop, to varying degrees, the age-related deposition of parenchymal vs. vascular
amyloid. Results reveal that shifting the ratio of neuronally-produced Ap40:42 towards
ApB42 favors the production of parenchymal amyloid plaques, while shifting the ratio
towards AP40 favors AR deposition in the form of cerebral amyloid angiopathy. Cerebral
amyloidosis can be initiated and accelerated in a time- and concentration-dependent
manner by the intracerebral injection of AD brain extracts into young transgenic mice.
However, injections of various synthetic amyloid preparations do not induce amyloidosis,
suggesting that additional factors such as chaperones, or different Ap conformations, are
necessary for the initiation of cerebral amyloidosis in vivo. The further understanding of
the mechanism of cerebral amyloidosis and its relationship to neuronal dysfunction is

crucial for current developments in anti-Af therapeutic strategies.
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Immunobiology of peripheral prion pathogenesis

Mathias Heikenwalder and Adriano Aguzzi.

Institute of Neuropathology, Universitatsspital Ziurich. Schmelzbergstrasse 12, CH-
8091 Zirich, Switzerland.

Abstract

For more than two decades it has been contended that prion infection does not elicit
Immune responses: transmissible spongiform encephalopathies do not go along with
conspicuous inflammatory infiltrates, and antibodies to the prion protein are typically
undetectable. Why is it, then, that prions accumulate in lymphoid organs, and that
various states of temporal or genetically modified immune deficiency prevent
peripheral prion infection and replication? There is current evidence of the
involvement of the immune system in prion diseases, while attempting to trace the
elaborate mechanisms by which peripherally administered prions invade the brain
and ultimately provoke damage. The investigation of these questions leads to
unexpected detours, including the neurophysiology and microarchitecture of
secondary lymphoid organs as well as migration of lymphocytes induced by pro-

inflammatory cytokines or homeostatic chemokines.
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Innate immunity and neurodegeneration
Silke Walter, Yang Liu, Maryse Letiembre, K. Fassbender

Department of Neurology, University of Goettingen
Robert Koch Str. 40, 37075 Gottingen
Tel: 0551-39-6715, Fax: 0551-39-8014

Neuroinflammation is a histopathological feature of many neurodegenerative diseases that are
associated with deposition of pathologically folded amyloidogenic proteins, e.g., Alzheimer’s
disease. Recent observations link the innate immunity with Alzheimer’s disease and possibly
related diseases associated with deposits of aggregated proteins. The key innate immunity
receptor, the LPS receptor (CD14) was shown to interact with fibrils of amyloid peptide and
to mediate microglial activation and release of neurotoxic inflammatory products after
stimulation with this peptide. Further studies revealed presence of the LPS receptor in brains
of patients with Alzheimer’s disease. Together, this data suggests that the LPS receptor, CD14
may contribute to the overall neuroinflammatory response to amyloid peptide, highlighting
the possibility that the progress currently being made in the field of innate immunity could be
extended to research on neurodegenerative diseases.
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Intraneuronal AR asa major risk factor for neurodegeneration in
Alzheimer's disease
Thomas A. Bayer', Oliver Wirths', Christoph Schmitz?, Caty Casas®, Patrick
Benoit®, Giinter Tremp®, Veronique Blanchard®, Gerd Multhaup®, and Laurent

Pradier®

1 Department of Psychiatry, Division of Neurobiology, University of
Saarland, Medical Faculty, Homburg/Saar, Germany

2 Department of Psychiatry and Neuropsychology, Division of Cellular
Neuroscience, University of Maastricht, Maastricht, The Netherlands

3 Aventis Pharma S.A., CNS/Alzheimer Group and Functional Genomics,
Centre de Recherche de Paris, Vitry sur Seine, France

4 Institute for Biochemistry, Free University of Berlin, Germany

Background: According to the 'amyloid hypothesis of Alzheimer's disease’, p-amyloid is the
primary driving force in Alzheimer's disease pathogenesis. Despite the development of many
transgenic mouse lines developing abundant R-amyloid-containing plaques in the brains, the
actual link between amyloid plaques and neuron loss has not clearly been established yet as
reports on neuron loss in these models have remained controversial. Objective(s):We
investigated double-transgenic mice expressing human mutant amyloid precursor protein
APP751 (KM670/671NL and VV7171) and human mutant presenilin-1 (PS1 M146L) named
APP751/PS1, or with the M233T/L235P early onset FAD mutations knocked-in in the
presenilin-1 gene named APP751/PS1KI. Methods: We used molecular-neuropathological
methods and unbiased stereologic image analyses. Results: We identified substantial age-
related neuron loss in the hippocampal pyramidal cell layer of APP751/PS1 double-transgenic
mice at 16 months of age. The loss of neurons was observed at sites of AR aggregation and
surrounding astrocytes but, most importantly, was also clearly observed in areas of the
parenchyma distant from plaques. Moreover, the APP751/PS1KI mice produce abundant
AR42 with an advanced onset of plaque formation, which correlated to the PS-1 knock-in
gene dosage. At the age of six months the mice hemizygous for APP751 and homozygous for
PS1KI revealed a dramatic hippocampal neuron loss predominantly in CAl. Before plaque
formation, we identified Thioflavin-S positive intraneuronal aggregates, which where also
positive for AR immunoreactivity in cortical and hippocampal neurons. Predominantly CAl
and subicular pyramidal neurons were affected, however, many other neurons in the cortex
were also positive depending on the number of PS1KI alleles. The same held true for the
amount of neuron loss in an age related manner. Conclusions: Both models elicit abundant
neuron loss in the hippocampus. The APP751/PS1KI mouse model shows major
neuropathological hallmarks with abundant neuron loss that is clearly independent from
extracellular amyloid deposition and identifies intraneuronal AR as a major neurotoxic risk
factor.
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Behavioural and Endocrine Alterations in a Transgenic Mouse Model of Alzheimer’s

Disease: Early Indicators of Neuropathological Changes?

Chadi Touma', Oliver Ambrée”, Nicole Gértz’, Kathy Keyvani’, Rupert Palme®, Werner

Paulus®, Norbert Sachser?

'Department of Behavioural Neuroendocrinology, MPI of Psychiatry, Munich, Germany
*Department of Behavioural Biology, University of Muenster, Germany
*Institute of Neuropathology, University of Muenster, Germany

“Institute of Biochemistry, University of Veterinary Medicine Vienna, Austria

Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder worldwide. In
recent years, genetically modified mice are increasingly used as animal models to unravel the
underlying mechanisms and possible treatments of the disease.

We investigated behavioural, endocrine and neuropathological alterations during the course of
the disease in the TgCRNDS8 mouse line, a transgenic mouse model of AD.

Our results show that transgenic (Tg) and wild-type (Wt) mice did not differ in their general
health status, exploratory and anxiety related behaviour as well as in the activity of their
sympathetic-adrenomedullary system. Significant differences, however, were found regarding
body weight, amyloid plaque formation, and the activity of the hypothalamic-pituitary-
adrenocortical (HPA) axis. Continuous monitoring of glucocorticoid (GC) concentrations,
utilizing faecal hormone metabolite analysis, revealed that Tg animals of both sexes showed
adrenocortical hyperactivity. It is hypothesized that these changes in the activity of the HPA
axis are linked to amyloid-f associated pathological alterations in the hippocampus, causing
degenerations in the negative feedback regulation of the HPA axis leading to hypersecretion
of GC. Furthermore, distinct alterations in the spontaneous behaviour were observed well
before amyloid deposits in the brain are described. Compared to Wt animals, Tg mice showed
higher general home cage activity and displayed significantly higher frequencies of
stereotypic behaviours, which were paralleled by increased GC concentrations.

Thus, the development of adrenocortical hyperactivity as well as stereotypic behaviours might
represent early indicators of neuropathological changes in the brain and could promote our

understanding of AD.
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Dimerization of the microtubulin associated protein tau induced by

inflammatory mediators.

Philippe Gorvoloi, Massimiliano Stagi, Ilonka Bartoszek and Harald Neumann

Neuroimmunology Unit, European Neuroscience I nstitute Goettingen,
Germany

Intracellular tau aggregation in neurites is the major component of neurofibrillary tangles in
Alzheimer’s disease and other neurodegenerative tauopathies. The exact molecular mechanism of
tau aggregation is not known. Genetic mutations of tau and extracellular deposits of amyloid-3
peptide oligomers have been shown to facilitate aggregation of tau and to be diseases-causative.
To analyze whether inflammatory cytokines such as tumor necrosis factor-o. (TNF-a) have any
effects on dimerization/polymerization of tau in neurons, we performed fluorescence lifetime-
based fluorescence resonance energy transfer (FRET) analyses of cultured primary neurons
transfected with 441 amino acids human normal tau tagged to green fluorescent protein (GFP)
and its variants (YFP and Cerulean).

The transfected tau tagged to GFP interacted with tubulin as demonstrated by FRET between
GFP-tau and beta-tubulin, labeled with monoclonal antibodies conjugated with Cy3. Treatment of
neurons with nitric oxide or TNF-a for 1 hour resulted in dimerization/polymerization of tau,
which demonstrated by FRET showed shifting in the lifetime of the Cerulean in cells,
cotransfected with Cerulean-tau and YFP-tau. Dimerization occurred preferentially in neurites
compare to the cell body.

The data demonstrate that inflammatory mediators are prevalent in degenerative brain diseases,
induce dimerization/ polymerization of tau and might be involved in the first steps of
neurofibrillary tangle formation.
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Simvastatin Affects Oligodendroglial Process Formation

Klopfleisch S., Schmitz M., Kléppner S., Althaus HH

MPI exp Medicine, AG 8600, H-Reinstr.3, 37075 Gottingen
E-mail: klopfleisch@em.mpg.de

Statins are therapeutically used for reducing an elevated cholesterol level.
Recently, several studies have reported about immunomodul atory effects of
statins. Based on these findings, statins were subsequently discussed as
therapeutics for multiple sclerosis (MS) (1). Concerning remyelination, another
challenge of M S treatment, statins could, however, interfere with oligodendroglial
process formation and myelin production. To address this question, we exposed
cultured pig oligodendrocytes (OL) to Simvastatin (Sst), which is used in ongoing
MS studies. Our first results showed that Sst reduced the cholesterol content in
OL. Oligodendroglia process formation was retarded (+/-NGF); already formed

4 processeswere retracted. Addition of
_ meval onate but not PEG-cholesterol
q' S8 reversed this effect indicating that

[ ;érmi at éuch as farnesylpyrophosphate and geranylpyrophosphate were no
longer provided due to an inhibition of HM G-CoA -reductase via Simvastatin.
Indeed, MAPK activity of OL exposed to Sst was reduced compared to controls as
evidenced by an in-gel-kinase assay. A possible effect on p21Rasis presently
under investigation.

Supported by the Hertie Foundation

1. Wekerle H (2002): Tackling multiple sclerosis. Nature 420: 39-40
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Induction of brain-derived neurotrophic factor (BDNF) in plaque-associated glial cells of
aged APP23 transgenic mice.

Guido J. Burbach', Rainer Hellwegz, Carola A. Haas3, Domenico Del Turco!, Uwe Deickez,
Dorothee Abramowski4, Mathias Jucker’, Matthias Staufenbiel4, and Thomas Deller!

'Institute of Clinical Neuroanatomy, J. W. Goethe University, Frankfurt, Germany; “Department
of Psychiatry and Psychotherapy, Charité (CBF), 14050 Berlin, Germany; *Institute of Anatomy
and Cell Biology, University of Freiburg, Freiburg, Germany; “Novartis Institutes of BioMedical
Research Basel, Basel, Switzerland; SHertie-Institute for Clinical Brain Research, University of
Tiibingen, Tiibingen, Germany

Brain-derived neurotrophic factor (BDNF) is a versatile neurotrophic factor that has been
implicated in cell survival, cell differentiation, axonal growth, and activity-dependent synaptic
plasticity. Changes in BDNF expression have also been reported during the course of several
neurological disorders, including Alzheimer’s disease (AD). The role of BDNF in AD, however,
has remained elusive. To learn more about this neurotrophic factor, we investigated BDNF
expression in brain of amyloid precursor protein overexpressing mice (APP23 transgenic mice).
In situ hybridization revealed BDNF mRNA signals associated with amyloid plaques. Laser
microdissection in combination with quantitative RT-PCR demonstrated a six-fold increase of
BDNF mRNA in the immediate plaque-vicinity, a three-fold increase in a tissue ring surrounding
the plaque, and control levels in inter-plaque areas comparable to those measured in age-matched
non-transgenic mice. Double-immunofluorescence localized BDNF to microglial cells and
astrocytes surrounding the plaque. Cortical BDNF protein levels were quantified by ELISA
demonstrating a more than ten-fold increase compared to age-matched controls. This
upregulation of BDNF protein significantly correlated with the 3-amyloid load in the transgenic
animals. Taken together, our data demonstrate a plaque-associated upregulation of BDNF in
APP23 transgenic mice, and implicate this neurotrophin in the regulation of inflammatory and
axonal growth processes in the plaque-vicinity.
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lon channels and transporters in the cochlea:
from current to molecule to pathology

Jutta Engel and Marlies Knipper, Tubingen

Hearing impairment is one of the most common sensory disorders and the second most
common chronic disease. 15 million people are affected in Germany and 350 million people
worldwide. Regarding the socio-economic and epidemiological relevance of hearing deficits
and the still very limited therapeutic strategies to treat hearing impairments/deafness, a deeper
understanding of hearing function is required. In particular, the molecular components and the
cellular mechanisms of cochlear inner and outer hair cell function need to be identified. Using
physiological studies and transgenic mouse techniques, multiple ion channels and transporters
with cochlea-specific characteristics have been identified and characterised. The special
demands of the highly sensitive hearing organ seem to be met by the expression of specialised
ion channels and transporters, which appear in the critical developmental period of final
cochlear differentiation prior to the onset of hearing. The functional analysis and phenotyping
of mouse mutants will help to unravel and understand corresponding sensorineural hearing

loss in humans.

Prior to the onset of hearing, a subset of ion channels with a distinct expression develops in
hair cells (Speaker: Corne Kros), a process which is paralleled by the maturation of
exocytosis in the inner hair cell (Speaker: Tobias Moser). Specialised isoforms of distinct
cochlear channels such as calcium channels (Speaker: Jutta Engel), the transporter-like
membrane motor prestin (Speaker: Dominik Oliver) and the potassium channels KCNQ4,
BK, and SK2 are precisely regulated during the critical period of final differentiation that
precedes the onset of hearing (Speaker: Harald Winter/Marlies Knipper). These distinct
channels as well as other cochlear ion channels and transporters have been defined as novel

deafness genes (Speaker: Thomas Jentsch).

#S3
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From action potential to receptor potential: developmental changes in inner hair cell signalling
Corné J. Kros, Stuart L. Johnson and Walter Marcotti
School of Life Sciences, University of Sussex, Falmer, Brighton BN1 9QG, UK

Inner hair cells (IHCs) are the primary sensory receptors in the mammalian cochlea. The cells respond
to sound with fast, graded receptor potentials. However, before the onset of hearing at postnatal day 12
(P12), mouse inner hair cells (IHCs) fire spontaneous and evoked action potentials (Kros et al., 1998).
These action potentials are likely to induce release of neurotransmitter onto afferent nerve endings
(Beutner & Moser, 2001). We are investigating developmental changes in the expression of ion
channels that underlie this switch in the function of IHCs.

IHCs can first be recognized just after terminal mitosis at embryonic day 14 (E14). At this early stage
small and slowly activating delayed-rectifier K* currents can be recorded and these currents gradually
increase in size during further embryonic and postnatal development (Marcotti et al., 2003a). From
E16.5 onwards IHCs express a Ca,1.3 Ca”* current (Platzer et al., 2000) and a TTX-sensitive (Kp 4.8
nM) Na" current (Marcotti et al., 2003b). This mix of currents enables the IHCs to fire spontaneous
action potentials between E17.5 and P6 (the day of birth, PO, being equivalent to E19.5 in CD-1 mice).
The Ca®" current is necessary for the action potentials whereas the Na* current shortens the inter-spike
interval.

From just after birth until the onset of hearing, IHCs are transiently innervated by efferent nerve fibres
en route to the outer hair cells. During this time the cells hyperpolarize in response to ACh application
(Glowatzki & Fuchs, 2000), due to secondary activation of an SK current by Ca?* flowing in through
09010 nicotinic ACh receptors (Marcotti et al., 2004b). Efferent activity would thus lead to inhibition
of spontaneous action potentials. Surprisingly, the SK current is also important for sustaining
repetitive action potentials, in the absence of ACh. This is because the SK current can also be
activated by Ca?* influx through Ca,1.3 Ca®* channels (Marcotti et al., 2004b).

In the second postnatal week IHCs can still fire action potentials in response to current injection, but
no longer spontaneously. An inward rectifier, lxs, that increases in size during this period is mainly
responsible by hyperpolarizing the resting potential (Marcotti et al., 1999), together with a
hyperpolarizing shift in activation and an increase in size of the delayed rectifier currents (Marcotti et
al., 2003a).

The transition to a functionally mature sensory receptor comes about at the onset of hearing by the
expression of a large BK current, I ¢, with extremely fast activation kinetics. This current is unusual in
that it appears insensitive to extracellular Ca?* but is activated by Ca®* released from intracellular
stores (Marcotti et al., 2004a). At the same time an additional delayed-rectifier K* current, I, that
activates at very hyperpolarized potentials is expressed. This current takes over the role of Iy, which
is downregulated at the onset of hearing, in setting the resting potential of mature IHCs (Marcotti et
al., 2003a; Oliver et al., 2003).

Supported by the MRC and the Wellcome Trust
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Coupling of Ca®* channels and exocytosis at hair cell ribbon synapses

Tobias Moser & Andreas Brandt, Department of Otolaryngology and Center for
Molecular Physiology of the Brain, University of Goettingen

Hearing relies on the synchronous synaptic transfer between hair cells and auditory
nerve. We have investigated stimulus-secretion coupling in cochlear inner hair cells
(IHCs) from normal mice and mouse mutants lacking the Cay1.3 L-type C&* channel.
Normal IHCs from the low-frequency part of the cochlea hold about 1.800 Ca®*
channels and about 10 ribbon synapses. The IHC Ca?* current is reduced by ~ 90 %
when Cay,1.3 channels are genetically deleted and this results in a ~ 90 % block of
exocytosis. Pharmacological inhibition of the Ca,1.3 channels by dhydropyridines
causes a linear reduction of exocytosis arriving at a maximal reduction of Ca2* current
and exocytosis of ~90 %. We interpret the dihydropyridine effect as shifting channels
to the mode zero, hence reducing the number of avallable channels. Modulating the
number of channels by changes in membrane potentia also resulted in a linear
modulation of release until the peak Ca?* current potential was reached. When passing
beyond we obtained more exocytosis for the same Ca?* current when compared
potentias in the rising limb of the current voltage relationship. On the contrary, we
observed a supralinear dependence of exocytosis on the Ca?* current when we
modulated the single channel current by changes in extracellular Ca* or by the fast
flickering blocker Zr?*. Our data suggest that readily releasable vesicles of the hair
cell ribbon synapse are under the control of afew channels per vesicle, imposing their
nanodomain Ca’* onto the release site.
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Development, characteristics and function of inner and outer hair cell calcium
channels

Jutta Engel, Martina Knirsch, Marcus Michna, Nobuhiko Waka, Stefan Munkner, Claudia
Braig', Marlies Knipper'

Institute of Physiology Dept. Il and Dept. of Otolaryngology, Tubingen Hearing Research
Centre THRC, University of Tubingen, Germany; 'Department of Otolaryngology, Tubingen
Hearing Research Centre THRC, University of Tubingen, Germany

Email: jutta.engel@uni-tuebingen.de

Mammals have two types of cochlear hair cells (HC), inner hair cells (IHCs) and outer hair
cells (OHCs). IHCs transmit sound-evoked deflections of their stereocilia into graded
receptor potentials which open voltage-activated Ca* channels that in turn trigger
exocytosis. In contrast, OHCs act as cochlear amplifiers and guarantee the unique sensitivity
and frequency selectivity of the mammalian inner ear.

IHCs and OHCs express L-type Ca®** channels before and after the onset of hearing.
Neonatal IHC currents serve the generation of Ca®* action potentials [1-3], (immature)
synaptic transmission [2-4], and gene expression. Whole-cell Ca®* channel currents in mouse
IHCs were rapidly activating, showed 11.1 % inactivation of the peak current with 10 mM
Ba?* (OHCs: 3.6 %) and 21.1 % with 10 mM Ca?** (OHCs: 50.7 %) after 300 ms and activated
at very negative potentials (-65 mV) with physiological extracellular (1.3 mM) Ca®*. They
were of L-type because lg, increased to 292 % (OHCs: 178 %) by 5 uM Bay K 8644 and
were partially inhibited by 44 - 90 % by the DHP antagonists nifedipine, nimodipine and
isradipine (3 - 10 uM). lg, densities of Ca,1.3” IHCs and OHCs were reduced by >90 %
indicating that the vast majority of IHC and OHC presynaptic Ca* channels are of class D L-
type [5,6]. Apart from the difference in Ca*-dependent inactivation and Bay K 8644-
sensitivity, neonatal OHCs showed only 38 % of the Iz, density compared to IHCs.

Upon the onset of hearing, IHCs Ca?" channel currents decline [2,3] which is probably due to
maturation and increased efficiency of the IHC presynapse. Current decline was more
pronounced in OHCs in which 10-15 pA Iz, remained at P19. Ca,1.3-specific transcripts
could still be amplified at P30 in OHCs (and IHCs) by RT-PCR suggesting that afferent
signalling to type Il fibres nevertheless might work in mature OHCs. The effect of Ca,1.3
gene disruption for phenotypic maturation of IHCs and OHCs will be discussed.

Supported by DFG grants En 294/2,1-4
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Prestin, an anion transporter modified to generate ultrafast cellular motility in
auditory outer hair cells

Dominik Oliver

Physiologisches Institut II, Universitat Freiburg, Hermann-Herder-Str. 7, 79104 Freiburg,
Germany

Outer hair cells (OHC) of the mammalian cochlea actively change their cell length in
response to changes in membrane potential. This type of cellular movement — termed
electromotility — occurs at acoustic frequencies up to at least tens of Kilohertz and is
assumed to produce the amplification of vibrations in the cochlea that enables the high
sensitivity and frequency selectivity of the mammalian hearing organ.

Electromotility results from a membrane protein of the OHC that is highly enriched in the
basolateral membrane. This protein is voltage sensitive, changing its conformation in
response to de- or hyperpolarisation. Coupling of protein conformation to transmembrane
voltage is mediated by a charged 'voltage sensor' within the protein that can move through
the membrane’s electrical field. Consequently, cell contraction or elongation always goes
along with an electrical charge transfer across the membrane. This charge can be measured
either as a transient current (similar to the gating current of ion channels) or as a voltage
dependent ‘non-linear’ capacitance (NLC). Since all properties of NLC reflect electromotility
itself and NLC can be measured conveniently using patch-clamp techniques, NLC has
usually been used to characterize the behaviour of the motor protein.

Dallos and coworkers cloned the motor protein from an OHC cDNA library and named it
prestin. Upon heterologous expression, prestin reproduces all hallmarks of the OHC
electromotility. In particular, (i) it generates mechanical force upon electrical stimulation with
constant amplitude and phase up to a frequency of at least 20 kHz, (ii) it generates a voltage
driven charge movement, equivalent to the NLC of OHCs. In fact, in prestin knock-out mice
electromotility is lost and cochlear sensitivity is greatly reduced.Sequence homology
classifies prestin as the fifth member of a larger superfamily of anion transporters, termed
SLC26. It is a hydrophobic membrane protein of 744 amino acids with hydrophilic N- and C-
termini, both located in the cytoplasm.

We are interested in the mechanism by which voltage controls protein conformation in
prestin.

To adress this question, we used neutralization of charged residues in the core region of
prestin by site-direted mutagenesis to map out the voltage sensor of prestin. However, this
did not abolish NLC. In contrast, it turned out that removal of monovalent anions from the
cytoplasmic side but not the extracellular side completely removed NLC as well as
electromotility. Moreover, the characteristics of NLC and electromotility were directly
dependent on the species and concentration of monovalent anions at the cytoplasmic side of
the membrane.

The model that arises suggests that prestin binds monovalent anions at the cytoplasmic face.
The anion itself then confers at least part of the voltage sensitivity to prestin. After binding to
a site with millimolar affinity, the anion is translocated across the membrane by the
transmembrane voltage: towards the extracellular surface upon hyperpolarization, towards
the cytoplasmic side in response to depolarization. As a consequence, this translocation
triggers conformational changes of the protein that finally change its dimensions in the plane
of the plasma membrane. The area occupied by prestin decreases when the anion is near
the cytoplasmic face of the membrane (short state, equivalent to cell contraction), it
increases when the ion has crossed the membrane to the outer surface (long state
equivalent to cell elongation). Thus, prestin works as an ‘incomplete transporter’ that shuttles
anions across the membrane without allowing them to dissociate at the extracellular surface
of the cell.

Future research will be directed towards the identification of protein domains involved in
anion binding, translocation and coupling to conformational changes.
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Transcriptional control of ion channels prior to hearing function
Winter Harald, Braig Claudia, Zimmermann Ulrike, Cimerman Jelka, Knipper Marlies

University of Tuebingen, Molecular Neurobiology, THRC Tuebingen Hearing Research
Center, Elfriede-Aulhorn-Str. 5, 72076 Tuebingen, Germany.

During analysis of the expression profile of different ion channels upregulated prior to the
onset of hearing (Kv, Kir4.1, KCNQ4, BK, SK2, Prestin) we learned that ion channels can be
subdivided in two groups which are under differential transcriptional control of thyroid
hormone (TH). Both mechanisms are even realized within a single outer hair cell, presented
by prestin the OHC motor protein and KCNQ4, the potassium channel protein responsible for
the major OHC K+ conductance. The distribution of these proteins overlap extensively,
occupying the entire OHC membrane from P6 onwards. Towards P12, in conjunction with the
onset of hearing, the cellular distribution of both proteins is simultaneously converted to
neighboring subcellular areas, the basal pole in the case of KCNQ4 and the lateral wall for
prestin, a process differentially controlled by thyroid hormone (TH). While TH enhances
expression of the prestin gene, it has a permissive effect on the KCNQ4 gene through
derepression of the TRalphal aporeceptor, shown as a direct negative suppressive effect of a
TH response element (TRE-KCNQ4) on KCNQ4 promoter activity. TRbeta, in contrast,
appears to be involved in the timing of prestin's redistribution, but not that of KCNQA4. Data
indicate that TH target genes can differ in their sensitivity to TH receptors even within single
cells. Most interestingly, it appears that hair cell ion channels upregulated during the earlier
postnatal time period of the cochlea are regulated like prestin, while those upregulated during
the most final differentiation process of hair cells appear to be negatively controlled by
TRalphal. The results are discussed in the context of a novel role for TRalphal for final OHC
differentiation and a possible function of TH to influence neuronal activity of fibers and fiber
reorganisation processes through the control of hair cell ion channels.

This work was supported by the Deutsche Forschungsgemeinschaft DFG RU 403, SFB

430/Kni-B3, DFG Kn 316 4-1
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Pathology of cochlear ion transport: insights from
deaf mice and humans

Thomas J. Jentsch

Zentrum fur Molekulare Neurobiologie, ZMNH,
Universitat Hamburg

lon homeostasis is essential for the hearing process.
Depolarizing K influx into sensory hair cells through
apical mechanosensitive channels requires a high K
concentration (150 mM) in the scala media. It is
generated by the epithelium of the stria vascularis
which needs basolateral Cl channels for the recycling
of Cl taken up by NaK2Cl cotransport. These
channels are CIC-K/barttin heteromers. Mutations in
barttin lead to Bartter syndrome 1V, which combines
severe renal salt loss with congenital deafness.

K leaves outer hair cells (OHCs) through KCNQ4 K
channels. KCNQ4 mutations lead to slowly
progressive hearing loss in humans. After exiting
OHCs, K must be removed by supporting Deiter's
cells which express the K-Cl cotransporters KCC3 and
KCC4. Knock-out of either cotransporter leads to
deafness in mice, with KCC3 disruption resulting in a
slowly progressing hearing loss that is associated with
hair cell degeneration. In addition, KCC4 KO leads to
renal tubular acidosis, while the mice lacking KCC3
display severe neurodegeneration similar to patients
with Anderman syndrome who also lack KCC3.

#S3-7
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SK2 IN THE COCHLEA

Braig, Claudia, Winter, Harald*, Knirsch, Martina®?, Zimmermann Ulrike!, Rohbock, Karin®,

Kopschall, Iris*, Engel, Jutta®, Knipper, Marlies™.

! University of Tuebingen, Molecular Neurobiology, Tuebingen Hearing Research Center THRC, Elfriede-
Aulhorn-Str.5, 72076 Tuebingen, Germany

? Universtiy of Tuebingen, Institute of Physiology Dept. Il and Dept. of Otolaryngology, Tuebingen Hearing
Research Centre THRC, Elfriede-Aulhorn-Str.5, 72076 Tuebingen, Germany

Hair cells are the targets of olivocochlear fibers that carry efferent inhibitory feedback from the
brain. In particular, IHCs initially are contacted by olivocochlear efferent fibers that make contacts
with IHCs before targeting OHCs (Simmons et al., 1996). In the adult system IHCs are innervated
mainly by afferent fibers, having few if any remaining efferent contacts (Liberman et al., 1990). In
contrast, adult OHCs are the principal targets of cholinergic olivocochlear efferents (Guinan, 1996).
The efferent feedback to IHCs and OHCs is predominantly provided by the release of acetylcholine
(ACh), that acts on AChR o 9/a 10 subunits. In OHCs and IHCs calcium influx through the receptor
complex is presumed to activate nearby calcium-dependent SK2 channels, leading to inhibitory
postsynaptic currents(Oliver et al., 2000; Elgoyhen et al., 1994, 2001; Glowatzki et al., 2000).
Accordingly, we note the localization of SK2 channel protein during the early (IHC), respectively
late (OHC) postnatal period.

Aiming to identify transciptional regulators for SK2 we could identify thyroid hormone (TH) as one
of the presumptive modulators. While under hypothyroid conditions the SK2 protein in OHCs is
completely absent most interestingly SK2 expression persists in IHCs.

Using in situ hybridisation, immunohistochemistry, reportergene study, RT-PCR and EMSA we
start to elucidate the obvious differential regulatory role of TH on SK2 ion channels in IHCs and

OHCs.

Supported by a grant from the Deutsche Forschungsgemeinschaft DFG 316/3-1; DFG316/4-1 and

SFB430/KniB3.
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Ca®* SIGNALS IN THE STEREOCILIA OF OUTER HAIR CELLS

Csaba Harasztosi, Barbara Miiller, Toshihiko Kaneko, Anthony W. Gummer

Eberhard Karls University Tubingen, Department of Otolaryngology, Tiibingen Hearing
Research Centre, Section of Physiological Acoustics and Communication, Germany

(e-mail: csaba.harasztosi@uni-tuebingen.de)

Ca®" ions play important roles in the function of outer hair cells (OHCs). In general,
elevated intracellular Ca®" levels in hair cells can initiate transmitter release, activate K(Ca™)
channels, and modulate receptor current through mechanosensitive channels in their
stereocilia. Although information about the regulation of the intracellular Ca®" level in the
stereocilia of lower vertebrates is available, there is no information about mammalian systems.

The goal of the present experiments was to investigate the origin of Ca* signals in the
hair bundle of freshly isolated OHCs from an adult mammalian hearing organ, the guinea-pig
cochlea. Ca® transients were evoked by deflection of the stereocilia using a fluid-jet
stimulator, which contained Ca**-rich (4 mM) Hanks’ balanced salt solution. The stimulus was
a single 5 s pulse, which deflected the stereocilia in the depolarizing direction. Intracellular
Ca®* changes were monitored using the acetoxymethyl ester form of the fluo-3 dye. The
fluorescence signal was detected by a confocal laser scanning microscope, in framescan

(1 s/frame) and linescan (2 ms/line) modes. The time coutse of the onset of the intracellular
Ca®" transient of 6 cells was exponential; the average time constant () was 0.26%0.19 s.
Application of the transduction channel blocker dihydrostreptomycin (DHSM, 100 uM)
caused the speed of the Ca* elevation to become significantly slower, T=2.14%1.36 s; this

change was partially reversible (t=0.7510.24 s) after washout. Application of DHSM did not
influence the steady-state amplitude of the Ca®" transients. The decay of the intracellular Ca**
signal after removal of the fluid-jet stimulus was also exponential; the time constant was
3.15+1.31s. Linescan images indicated that Ca®* ions enter the stereocilia at the basal third of
the hair bundle and diffuse to the tip with a speed of approximately 0.1 mm/s.

In conclusion, the observation that DHSM reduces the rate of Ca*" entry, but not the
steady-state Ca*" concentration, suggests that Ca®" entry into the stereocilia of these cells is not

restricted to the transduction channels.
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Stiffness changes of cochlear hair bundles induced by ATP

'Karsten Loffler, 'Stefan Fink, 'Francois Grauvogel, *Assen Koitschev, 'Matthias G. Langer

' Department of Applied Physiology, University of Ulm, Germany
* Tuibingen Hearing Research Center (THRC), University of Tiibingen, Germany

The cochlea is the organ of hearing in mammals and embeds the organ of Corti with the
mechanosensitive cells - the hair cells. The rod-like stereocilia located on top of these sensory
cells are graded in height and transduce mechanical stimuli into electrical signals by the so-
called mechanoelectrical transduction channel. Displacement of stereocilia by incoming
sound increases tension of so-called tip links, pulling directly at the transduction channel.
Thus, stiffness of stereocilia is critical for sensitivity of the transducer channel to applied
forces. Since it is known that ATP-sensitive P2X-receptors are located in the hair bundle the
effect of extracellular ATP-concentrations on stereocilia stiffness for different ATP-
concentrations was investigated. Elasticity measurements were performed approaching an
AFM tip to the top of cochlear hair bundles from the rat under light microscopic control.
Individual stereocilia were displaced in excitatory and inhibitory direction scanning the AFM
tip across the entire hair bundle. Experiments were performed using a new experiment control
and automation software called ScanClamp. It supports arbitrary definition of measurement
protocols and some 2D/3D visualization modes. Thereby not only precise control of the AFM
setup but also of electrophysiology equipment like patch clamp amplifiers can be achieved in
the same software environment.

For further information:

Sensory Biophysics Group: http://physiologie.uni-ulm.de/pages/langer team.html

ScanClamp: http://scanclamp.thrc.de
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PRESTIN - YEAST-BASED SCREENING FOR PUTATIVE INTERACTION PARTNERS

Cimerman, Jelka, Hyun-Soon, Geissler, Zimmermann, Ulrike, Braig, Claudia, Winter, Harald,

Knipper, Marlies.

University of Tuebingen, Molecular Neurobiology, Tuebingen Hearing Research Center THRC,
Elfriede-Aulhorn-Str. 5, 72076 Tuebingen, Germany.

Membrane-based electromotility, the phenomenon of rapid length change produced by electrical
stimulation of an outer hair cell (OHC), is mediated by a voltage-depentent motor protein prestin.
Prestin, identified as a member of the SLC26 superfamily of anion-bicarbonate transporters (Zheng
et al., 2000) is expressed in the cochlear OHCs and emerging evidence points to prestin as an
eligible candidate/ regulator responsible for the cochlear amplifier (Oliver et al. 2001, Dallos et al.
2002). It is now established, that prestin is redistributed towards the lateral membrane prior to the
onset of hearing (Weber et al., 2002). Recent studies in our laboratory show that the failing of the
redistribution during hyothyroidism leads to hair cells which are able to generate motility but no
force (Zimmermann, Knipper et al., in preparation). It is unknown whether the prestin redistribution
and generation of force can be mediated by prestin alone or by other cytskeleton anchor proteins.
To adress this issue, the identification and isolation of putative novel prestin anchor proteins based
on protein-protein interaction remains one imparative method. Using the motor protein as a bait in a
yeast two-hybrid interaction screen, based on rat chochlear cDNA expression library, the first

putative results will be rejudged.

Supported by a grant from the Interdisciplinary Center of Clinical Research Tibingen (1ZKF), and

Deutsche Forschungsgemeinschaft (Kni 316/3-2).
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Alteration of behavior and responses of auditory neurons after application of Salicylate

in an animal modd for Tinnitus

Lukas Ruttiger, Susanne B. Kilian, Marlies Knipper

University of Tubingen, Department of Otorhinolaryngology, Molecular Neurobiology,
THRC Tubingen Hearing Research Center, Elfriede-Aulhorn-StralRe 5, D-72076 Tubingen,

Germany

Behavioral conditioning studies on rats have been proven to be a valid animal model for the
evaluation of acute and chronic phantom auditory experience (Tinnitus). We recently
developed an animal model for short-term acute induced phantom auditory sensations in rats
on the basis of systemic and local application of salicylate (Ruttiger et al., 2003). The
expression of activity dependent genes in cochlear spiral ganglion neurons and auditory
cortical tissues after application of salicylate - systemically and also locally to the round
window of the cochlea - has been shown to be highly specific for excitability changes in the
auditory system (Tan et al., 2004; Hadjab et al., 2004). The question arises whether the
response of auditory neurons can be correlated to the expression changes of activity
dependent genes and the performance of rats in the behavioral animal model. Single cell
recordings are presented and discussed in the context of salicylate induced phantom auditory
experiences and neuronal excitability as indicated by the expression of activity dependent

genes.

Supported by the Deutsche Forschungsgemeinschaft DFG 316/3-1, DFG 316/4-1 and Fortune
816-0-0.
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Pushing toward the limits of what insects can know:
Case studies for comparative cognition

Martin Giurfa and Brian Smith, Toulouse(F) and Columbus (USA)

Insects have traditionally been considered simple and small reflex machines. This perspective
has been fruitful, as insects have served as inspiration for numerous works on robotics and
machine building. However, this particular view of insect behavior overlooks the fact that
insects, like most living organisms, process information flexibly in order to rapidly adapt to
their environment. Behavioral processes that range from gathering sensory information
through perception and decision-making to the resulting appropriate actions allowing the
animal to cope with a changing environment can be identified and studied in insects. Since
cognition can be defined in a broad sense as the sum of such processes, we are confronted

with the necessity of considering insect behavior from a cognitive perspective.

Research on invertebrate learning and memory has focused mainly on elemental associations
linking two specific stimuli or a specific behavior with a specific reinforcer. But insects
exhibit behavioral complexity that is far richer than previously thought. In this symposium we
will ask to what extent learning performance in insects involves more complex forms of
learning, such as attention, inhibition, risk sensitivity or configural (non-elemental)
associations, which may or may not be accounted for by elemental processes. We will focus
on studies of behavioral performance as well as on the neural substrates underlying these
forms of learning in insects in an attempt to unravel the mechanistic basis of complex

learning.

#S4
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Arevisual patternsin hymenopterans stored elementally or configurally?

Tom Collett and Paul Graham
Sussex Centre for Neuroscience
University of Sussex

Brighton BN1 9QG

UK

Evidence from landmark navigation suggests that visual patterns are often learnt as views
taken at defined locations. Are these views stored as picture elements or are the elements
bound together? We will review recent behavioural results, which taken together, suggest that
elemental storage cannot explain an insect’s behaviour.

#S4-1
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Navigation of Honeybees: evidence for map-like or ganization of spatial
memory
Randolf Menzel*, Alan Smith? and Uwe Greggers®

(1) Institut fir Biologie, Neurobiologie, Freie Universitat Berlin
(2) Plant and Invertebrate Ecology, Rothamsted Research, Harpenden Herts
AL5JQ, UK.

Using harmonic radar, we report the complete flight paths of displaced bees.
Test bees forage at a feeder, or are recruited by a waggle dance indicating the
feeder, and are recorded after they are released at an unexpected release site. A
sequence of behavioral routines become apparent: (1) initial straight flights in
which they fly the course they were on when captured (foraging bees) or which
they learned during dance communication (recruited bees), (2) slow search
flights with frequent changes of direction, in which they attempt to “get their
bearings", and (3) straight and rapid flights directed either to the hive or first to
the feeding station and then to the hive. These straight homing flights start at
locations all around the hive and at distances far out of the visual catchment area
around the hive or the feeding station. Two essential criteria of a map-like
spatial memory are met by these results, bees can set course at any arbitrary
location in their familiar area, and they can choose at least between two goals.
This suggests a rich, map-like organization of spatial memory in navigating
honeybees.
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Arousal and " Selective Attention” in Drosophila.

Ralph J. Greenspan and Bruno van Swinderen
The Neurosciences Institute
San Diego, CA

Attention constitutes a state of heightened arousal in the nervous system and is considered
to be an essential component of consciousness in higher organisms. Experimental
demonstrations of the mechanisms of attention have been nearly as difficult to pin down as have
those for consciousness itself. In animals that are unlikely to possess full-blown consciousness,
the ability to exhibit graded states of arousal, to restrict behavioral responses to one among many
stimuli, and to recognize particular percepts as salient are nonetheless important as an aspect of
their ability to function adaptively in the world. Examination of neural correlates of attention-
like and heightened arousal states in the fruit fly brain, and genetic manipulation of these
responses, reveal similarities to perceptual phenomena typically studied in higher vertebrates.
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Risk-sensitivity and comparative evaluations in honey bees

Sharoni Shafir
B. Triwaks Bee Research Center, Department Of Entomology, Hebrew University of
Jerusalem, Rehovot 76100, Israel. E-mail: shafir@agri.huji.ac.il

In classic economics, and similarly in the study of animal behavior, during a choice
process humans and animals, respectively, were hypothesized to evaluate alternatives in
an absolute manner, such that each alternative receives some subjective value, or utility.
Under such an evaluation scheme, choice behavior is context-independent, that is, the
presence or absence of alternatives in the choice set does not affect the subjective value
that the decision maker assigns to each alternative. Such an evaluation mechanism leads
to two basic axioms of rationality theory: 1) transitivity, that if A is preferred to B, and B
is preferred to C, then A is preferred to C, and 2) regularity, that the addition of an
alternative to a choice set cannot increase the preference to any of the preexisting
alternatives in the set. An alternative to absolute evaluations is comparative evaluations,
in which alternatives are evaluated across their various dimensions. Such an evaluation
mechanism may be context-dependent and lead to violations of both transitivity and
regularity. Humans have bees shown to violate both transitivity and regularity, in support
of comparative evaluations. In conceptually similar choice experiments to those with
humans, honey bees foraging on artificial flowers also demonstrate context-dependent
choice, consistent with comparative evaluations.

Another central theme in both human and animal decision-making is the sensitivity
to variability of reward, or risk-sensitivity. Honey bees, like other animals, tend to be
risk-averse to variability in amount of reward, preferring the sure-thing over the variable
option. However, perception of variability seems to be influenced by the coefficient of
variation, which is a relative measure of variability (standard deviation/ mean), rather
than by the variance. Recent choice experiments with humans, inspired by the honey bee
findings, revealed that the coefficient of variation is a strong predictor of risk-aversion,
especially when the alternatives are experienced (as is always the case with animals)
rather than described.

The similarities in choice phenomena between honey bees, other animals, and
humans, in such cognitive domains such as context-dependent evaluations and risk-
sensitivity raise the question of whether similar processes account for them, or do they
arise via different mechanisms. In particular, is risk-sensitivity, for example, a meta-
phenomenon of associative learning processes, or is there an independent evaluation
process for variability? Successful attempts of using associative learning theory to predict
risk-sensitive choice with free-flying bees support the former. However, in support of the
latter, experiments with harnessed honey bees employing the proboscis-extension
response conditioning paradigm modified for a choice procedure found no correlation
between individual performance in risk-sensitivity and in either a latent inhibition or a
reversal-learning task.
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Olfactory orientation in desert ants: Strategies and use in foraging navigation
Harald Wolf* and Rudiger Wehner?

Abteilung Neurobiologie, Universitat Ulm, D-89069 Ulm; harald.wolf@biologie.uni-ulm.de
“Institute of Zoology, University of Zurich, CH-8057 Zurich, Switzerland

Desert ants, Cataglyphis fortis, do not only rely on their well-studied path integration
system during foraging trips. They also use olfactory cues when approaching a familiar
food source (Wolf H, Wehner R, 2000, J Exp Biol 203, 857), particularly when a constant
wind is blowing (which is characteristic of their desert habitat). Rather than approaching
the feeder directly, the ants steer some distance downwind of the food source on fairly
straight outbound trajectories. Here, they pick up odour filaments emanating from the food
and follow the odour trail upwind. This strategy allows quick and reliable location of even
small food sources, which might otherwise be missed due to inaccuracies of the path
integration system.

This approach behaviour was examined in more detail to identify the underlying orientation
strategy. First, the bases of the ants’ antennae — scape and pedicel joints - were
immobilised to deprive the animals of wind perception. Operated animals initially
maintained their downwind approach and started searching after they had passed the food
source. This held even under changed wind conditions, including the rare occurrence of
calms! Only during the following trips some animals gradually adopted a direct approach of
the feeder (ibid).

These observations suggest that the ants combine different strategies: They use (i) their
path integration system to approach a learned downwind area where to pick up the food
odour, and (ii) (zigzagging) upwind orientation is elicited and guided by the odour stimulus.

Second, the strategy underlying the margin of downwind orientation was studied.

1. Either the ants may use a “goal expansion strategy”, using odour spread as a spatially
limited indicator for the presence of food. In that case, the distance steered downwind of
the feeder should be determined by the range of the odour plume (and e.g. wind speed
and turbulence). It should be independent of the distance between nest and feeder.

2. Or the ants may apply an “error compensation strategy”, using the odour as a guide
line towards the food source. Steering downwind by a margin just exceeding their
maximum navigation error will lead the ants safely across the odour guide. In that case,
the distance steered downwind of the feeder should increase almost linearly with nest-
feeder distance.

Our results unambiguously support the
second strategy. When feeders were
established at distances of 5 to 60m from
the nest, the distances steered downwind
of the food increased from about 0.75m to
325m in a linear fashion, and
independent of wind speed. This
translates into an ant's estimate of its
navigation error of 3-8°.

Supported by Volkswagenstiftung (1/78
580) and Schweizerischer Nationalfonds.
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Cellular characteristics of the nervous system,
and a new view on arthropod evolution

Harald Wolf*, Carsten H.G. Miller? and Steffen Harzsch'?®

! Abt. Neurobiologie und * Sektion Biosystemat. Dokumentation,

Universitat UlIm, D-89069 UIm. ? Inst. f. Biodiversitat, Allg. und Sy-

stemat. Zoologie, Universitat Rostock, D-18051 Rostock. harald.wolf@biologie.uni-ulm.de, steffen.harzsch@biologie.uni-ulm.de

In the new debate on arthropod phylogeny, structure and devel-
opment of the nervous system provide important arguments. The
architecture of the brains of Hexapoda, Crustacea, and Chelicer-
ata has been thoroughly compared with an evolutionary back-
ground in recent years (e. g. Breidbach, 1995. ,The nervous
system of invertebrates: an evolutionary and comparative ap-
proach” Breidbach, Kutsch eds., Birkhduser, Basel: 383-406). On
the cellular level, however, comparative aspects of the nervous
systems have been examined in only few studies.

Here we collate and review existing cellular data and analyse
them with respect to the concept of individually identifiable neu-
rons. In particular, (i) the mechanisms of neurogenesis, (ii) the
morphologies of serotonergic interneurons, (iii) the numbers of
leg motoneurons, and (iv) cellular features and development of

the lateral eyes are discussed. We conclude that in comparison
to the Mandibulata, the Chelicerata possess variable and much
higher numbers of neurons in the different cell classes examined.
Cell numbers in Mandibulata are lower and neurons are individu-
ally identifiable, at least in Hexapoda and Crustacea.

The characters explored in this contribution are mapped onto an
existing phylogram as derived from brain architecture (Fig. 1).
Hexapoda are an in-group of the Crustacea according to this
phylogram, and the current data are in no conflict with such a
phylogenetic position. However, these characters clearly argue
against a sister-group relationship of “Myriapoda” and Chelicer-
ata, as has recently been suggested by molecular studies (e. g.
Hwang et al., 2001. Nature 413: 154-157). Instead, they provide
strong evidence in favour of the Mandibulata concept.
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Possible roles of head and gaster in 3-dimensional path integration in the desert ant

Matthias Wittlinger', Harald Wolf* and Riidiger Wehner?

1Abteilung Neurobiologie, Universitat Uim, D-89069 Ulm; harald.wolf@biologie.uni-ulm.de
%Institute of Zoology, University of Zurich, CH-8057 Zurich, Switzerland

Foraging desert ants, Cataglyphis fortis,
monitor their position relative to the nest by
path integration. This enables them to return
on a direct path, rather than retracing the
tortuous outbound journey performed when
searching for food. This path integration is
also applied in the 3 dimension, for
instance, when the ants travel across hilly
terrain. That is, animals that have travelled
across a series of artificial hills (Fig.1),
covering a walking distance of 10m, correctly
gauge the return distance on level ground to
be just 6m (Wohlgemuth S, Ronacher B,
Wehner R, 2001, Nature 411, 795).

We examined possible mechanisms the ants
may use to measure the slope of uneven
terrain in the context of 3-dimensional path
integration. Two body parts that could
conceivably be employed to determine the
body’s attitude with regard to gravity, and
hence terrain slope, are head and gaster
(Markl H, 1962, Z Vergl Physiol 45, 475). We
therefore manipulated sensory input from the
hair fields which signal the relative positions
of head and thorax, located in the neck
region, and thorax and gaster, located on the
petiolus.

Ants were trained to forage at a feeder they
could reach via a series of artificial hills,
requiring a walking distance of 10m (Fig.1;
above). During tests, the return path was on

level ground, and intact ants correctly started
to search for the nest entrance after 6m home
journey in the test channel (corresponding to
the base length of the training set-up). To
manipulate graviception, the fields of hair
sensillae in the neck region, or on the
petiolus, were shaved with a razor splinter.
The animals were caught and operated at the
feeding site, and placed into the test channel
as soon as they had picked up their food item
again. Further tests were performed in
operated ants after they had returned to the
nest, re-emerged, and performed another
journey to the feeder.

If an operation had incapacitated the ant's
graviception, one would expect it to disregard
the slopes in the outbound travel. The home
run should in that case extend over about
10m.

Unexpectedly, manipulation of hair fields in
neither neck nor petiolus regions affected the
distances of home runs. If anything, the ants
slightly underestimated, rather than
overestimated, the distance to the nest.
These results indicate that operated animals
were still able to perform (almost) correct 3
dimensional path integration. This may be
due either to a lack of input from neck and
petiolus hair fields to the path integrator, and /
or to pronounced redundancy of graviception
Markl ibid).

Fig.1

Supported by Volkswagenstiftung and Schweizerischer Nationalfonds.
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A study on color categorization in honeybees
BENARD Julie, AVARGUES Aurore, PORTELLI Geoffrey and GIURFA Martin

Centre de Recherches sur la Cognition Animale

CNRS - Université Paul Sabatier - Toulouse Ill - UMR 5169 - 118 Route de Narbonne
31062 Toulouse cedex 4 - France

E-mail: benard@cict.fr

Categorization is a fundamental cognitive ability that allows treating similar stimuli
as equivalents, and thus responding to them in the same manner [1]. It promotes
cognitive economy, since it allows adaptive responses to novel objects in the
environment. Spectral stimuli form a physical continuum, which humans divide verbally
into discrete color categories. Whether or not animals possess comparable categories,
and thus group different but similar color stimuli within a specific color category, is a
subject of debate. Here we asked whether the honeybee Apis mellifera categorize color
stimuli such that they discriminate between color classes and generalize within color
classes.

We trained marked free-flying bees to collect sugar solution on a parallel-arm
maze. Individual bees were trained and tested in dual-choice situations such that only
one color at the entrance of one of the arms led to the sugar solution. The other color led
to a blocked arm. We defined two color categories, based on the color opponent coding
space defined for honeybee color vision [2]. Within this color space, we chose short-
wavelength stimuli (bluish to the human eye) vs. long wavelength stimuli (yellowish to
the human eye). Each category was composed by 5 different stimuli. One group was
rewarded on the short-wavelength stimuli and not on the long-wavelength stimuli;
another group got the inverse training schedule. During the training, each bee was
trained with 4 of the 5 stimuli of each category in all possible combinations presented
randomly (16 different stimuli pairs). After extensive training, the bee was tested with the
remaining members of the two categories that it had never experienced before.

Bees learned very well to differentiate between short- and long-wavelength
stimuli. Moreover, they generalized successfully their choice to the new colors which
belonged to the rewarded category and avoided the colors which belonged to the non-
rewarded category. Control experiments were performed to ensure that within a color
class, bees were indeed capable of discriminating between the five stimuli proposed, as
defined by the honeybee color space [2]. Bees could discriminate between each
member of the same category. Our results thus show that the prerequisites for color
categorization (i.e. discrimination between two color categories, generalization between
distinguishable stimuli within a color category) are fulfilled in the case of the honeybee.

[1]: Herrnstein R.J. (1990). Levels of stimulus control: a functional approach. Cognition
37, 133-166.

[2]: Backhaus W. (1991). Color opponent coding in the visual system of the honeybee.
Vision Res. 31, 1381-1397.
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Stimulus interactions in single and multi trial conditioning of binary odour mixtures in
honeybees, Apis meliffera

M. Schubert*, J.C. Sandoz and M. Giurfa
Centre de Recherches sur la Cognition Animale, CNRS-Université Paul Sabatier — UMR 5169, 118 route de Narbonne,
31062 Toulouse, France. *E-mail: schubert@cict.fr

Honey bees Apis meliffera foraging on flowers learn to associate complex odour blends with nectar or
pollen reward. In this context, they may discriminate or generalise from single odours to olfactory
compounds and vice versa. We investigated stimulus interactions in binary odour mixtures by
conditioning honeybees to different odours and odour compounds. We used the olfactory conditioning of
the proboscis extension reflex in which odours (the conditioned stimuli or CS) are paired with a reward
of sucrose solution (the unconditioned stimulus or US). We performed overshadowing (OVS)
experiments in which a compound of two odours A and B was rewarded (AB+). After compound
conditioning, bees were tested with the single odours and the compound (A, B, AB). Two control groups
(Ctrl A and Ctrl B) were trained, each with one of the single odours (A+ or B+, respectively), and then
subjected to the same tests as the OVS group. Six different odours were used as A and B in all possible
combinations. Tests were performed after a single conditioning trial or after three conditioning trials.
Results of the OVS groups showed that overshadowing occurred depending on the odour combination
and on the amount of conditioning trials (1 or 3 trials) such that it was not a consistent phenomenon.
The response of the OVS group to the single odorants A and B could be explained, not on the basis of
interactions between odorants within the mixture but rather on the learning and cross-generalisation
levels of the single odours when trained alone. For instance, the response to A in the OVS group
corresponded to that of Ctrl A to A (learning) plus that of Ctrl B to A (generalisation). Thus, OVS in the
olfactory modality in honeybees is a phenomenon that seems to rely more on elemental properties of
the odour in the compound than on configural properties of the binary odour compound.

#15A
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The influence of training length on visual categorization in honeybees

MARTIN GIURFA (1*) & SILKE STACH (1, 2)

(1): Centre de Recherches sur la Cognition Animale, CNRS-Université Paul Sabatier, 118 route de
Narbonne, 31062 Toulouse, France.
(2) : AG Neurobiologie, Freie Universitaet Berlin, Koenigin-Luise Str. 28/30, 14195 Berlin, Germany

*. E-mail: giurfa@cict.fr

Generalisation and categorisation are fundamental abilities that allow treating similar stimuli
as equivalents, and thus responding to them in the same manner. Typically, a categorisation
experiment involves a discrimination in which reward is not signalled by a single stimulus,
but rather by a variety of stimuli that share a common feature. Recently, we showed that
honeybees can categorize visual patterns on the basis of a common configuration of
orientations [1]. Bees trained with randomly changing patterns sharing only a common layout
made up of four edge orientations extracted all four orientations and integrated them into a
global representation, which allowed them to respond to novel stimuli that preserved the
trained layout. Contrarily to this kind of training, training with a single, constant pair of
patterns does not impose explicitly the extraction of specific features as any available cue
could be used to discriminate between patterns. Here we show that after training free-flying
bees with a single, constant pair of patterns, categorisation of novel stimuli can also occur
based on the extraction of four different edge orientations arranged in a specific spatial layout.
We demonstrate that different levels of experience with the single pair of training stimuli
determine important changes in the discrimination strategies employed by the bees. Higher
levels of generalisation were attained with increasing training length. Controlling precisely

the level of experience of individuals is therefore crucial in experiments on visual recognition.

[1] Stach S, Benard J, Giurfa M (2004) Local-feature assembling in visual pattern recognition and
generalization in honeybees. Nature 429:758-761
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A new aversive conditioning paradigm in honeybees: different contributions of D1 and D2
dopaminergic receptors to olfactory conditioning of the sting extension reflex

Vanina Vergoz , Jean-Christophe Sandoz and Martin Giurfa

Centre de Recherches sur la Cognition Animale, CNRS - Université Paul Sabatier - UMR 5169,
118 route de Narbonne, 31062 Toulouse, France.

The aim of this work was to establish a new aversive conditioning paradigm in individually
harnessed honeybees. We conditioned the sting extension reflex by presenting odours in
temporal association with an electric shock. Bees were able to build odour —shock associations
and extended their stings to the mere presentation of the odour reinforced with the shock. This
conditioning process was clearly associative since bees could differentiate between different
odorants in differential conditioning experiments, thus responding to the odour associated with
the electric shock but not to another odour presented without shock.

Using pharmacological blocking of octopamine (blockers: miansérine and epinastine) and
dopamine (blocker: fluphénazine and flupenthixol) receptors at different doses, we showed that
dopamine, but not octopamine, is crucial for supporting aversive conditioning of the sting
extension reflex. As dopamine may be the neurotransmitter related to the electric shock, we
studied the specific contribution of D1 and D2 dopaminergic receptors. We show that D1 and D2
receptor antagonists, SCH23390 and spiperone, respectively, have different effects on retention
tests such that D2 receptors seem to be more relevant for maintaining the aversive olfactory
memory over time.
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Optical imaging of odour-evoked Nitric Oxide signals in the antennal lobe of the honey
bee, Apis mellifera.

Isabelle MASSOU?, Catherine LECLERC?, Marc MOREAU?, Martin GIURFA! and Jean-
Christophe SANDOZ*

! Centre de Recherches sur la Cognition Animale, UMR 5169, Bat IVR3, 118, route de Narbonne ,F - 31062 Toulouse cedex
4, FRANCE

2 Centre de Biologie du Développement, UMR 5547, Bat IVR3, 118, route de Narbonne, F - 31062 Toulouse cedex 4,
FRANCE

Nitric oxide (NO) is a gaseous neuronal messenger involved in intercellular processes like
synapse plasticity during LTP in vertebrates. In the honey bee, NO was shown to be involved
in the establishment of olfactory memories and to be important for behavioural odour
discrimination. Moreover, histochemical stainings have shown the presence of Nitric Oxide
Synthase, the enzyme responsible for NO production in the antennal lobe. This structure is the
first relay of the olfactory pathway (equivalent to the olfactory bulb of vertebrates), where
olfactory sensory neurons connect onto local interneurons and projections neurons, which in
turn relay the olfactory information to higher brain centres. Since the antennal lobe is a
primary centre for the establishment of the olfactory memory, we have carried out optical
imaging experiments after bath application of the NO-sensitive dye DAF-FM, to reveal NO
activity in the antennal lobe of honey bees. Our recordings show that odours evoke biphasic
signals in the glomeruli of the antennal lobe. Different odours induced different arrangements
of active glomeruli within each individual, and odour-evoked NO-activity patterns were
similar in different individuals. Overall, NO-signals were found to be very similar, both
spatially and temporally, to calcium-signals recorded in similar conditions in the honey bee
antennal lobe. In order to understand the relationship between the two signals, we use a range
of pharmacological treatments with both NOS blockers and calcium-chelators in NO- and
calcium-imaging experiments. Our goal will be to study the cellular origin of NO signals, as
well as its involvement during olfactory memory formation.
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Olfactory mixture processing in the honey bee: an optical imaging study
Nina Deisig, Jean-Christophe Sandoz, Martin Giurfa

Centre de Recherches sur la Cognition Animale, Université Paul Sabatier - Toulouse 111, 118 Route de
Narbonne, 31062 Toulouse cedex 4, France ; email : deisig@cict.fr

Odour stimuli in the natural environment consist of many components, thus raising the question of
how the olfactory system processes such complex olfactory mixtures. Our previous work on honeybee
olfactory learning and processing showed that honeybees can treat binary mixtures in a non-linear
way. We showed that bees trained to solved non-linear olfactory discriminations tasks like negative
patterning, in which they must learn to respond to the single odours A and B reinforced, but not to
their binary mixture AB non-reinforced, treat the mixture in a non-linear way. The mixture is treated
as the sum of the individual odour representations plus a “unique cue”, i.e. an additional internal
stimulus representation, which is specific to the olfactory mixture AB. In the present work, we search
for the neural basis of such a unique cue and study the neural basis of differentiation between the
representation of mixtures and the simple sum of their single component representations.

To investigate mixture processing at the physiological level, we used in vivo calcium imaging in the
antennal lobe (AL), the first relay of the olfactory pathway in the insect brain. Receptor neurons on the
antennae detect odorants and convey the olfactory information to the glomeruli of the antennal lobe.
There they connect with inhibitory local interneuron networks and with projection neurons which in
turn convey processed information to higher brain centres, like the mushroom bodies. Calcium
imaging studies have showed that odours elicit combinatorial activity patterns in the glomeruli of the
antennal lobe, according to a highly conserved code (Galizia et al. 1999). After incubating the bee
brain with a calcium sensitive dye (Calcium Green 2 AM), we presented bees with 4 different odorants
(previously used in our behavioural experiments) and with all possible binary, ternary, quaternary
mixtures of these odorants. After calcium measurements, the brain was incubated with a protease and a
dye (RH 795) in order to stain the glomerular layout, so that we could identify the glomeruli
individually. We found that all odours induced calcium signals in the antennal lobe in a different
combination of glomeruli. Overall, the number of activated glomeruli increased with the number of
mixture elements, but reached a saturation with ternary mixtures. Moreover, the response patterns
broadened with the number of mixture components. Generally, less-active glomeruli increased their
number for rich mixtures. When comparing the representation of mixtures with that of their elements,
we found that the glomerular patterns obtained for the mixtures differ from the simple sum of the
patterns recorded for the single odours. This suggests that the information necessary for the extraction
of a “unique cue”, and the successful differentiation between elements and compound in non-

elemental learning tasks, may already be found at the level of the antennal lobe.
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Introductory Remarks to Symposium 5
Signals in early neural development
Tomas Pieler and Edgar Pera, Gottingen

How does a single cell, the fertilized egg, gives rise to many thousands of differentiated cell
types and form organs as complex as the human brain? In recent years, significant progress
has been made in elucidating the signals involved in this process. Work in different model
systems, from the fly embryo to the mammalian nervous system, has uncovered a small set of
cell-cell signaling pathways that are integrated during development and lead to the
differentiation of a vast variety of cell types. The mechanisms that determine cell fate in CNS
development are re-used in other aspects of development, and basic principles of signal
integration are conserved across species. The idea for the symposium on "Signals in early
neural development” is to highlight recent advances in our understanding of the molecular
network that leads to the formation of the CNS. The proposed speakers form a representative
cross-section of relevant topics, ranging from the induction and patterning of the neural plate
to differentiation of individual cell types in the CNS. Emphasis is given to a broad spectrum
of experimental model organisms to provoke new insights into CNS development in both
vertebrates and invertebrates. We expect that the talks covering different aspects of neural
development provide important stimuli for future research in this exciting field of

neurobiology.
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Induction and Early Patterning of the Vertebrate Central Nervous system
Thomas Edlund
Umea Center for Molecular Medicine, Umea University
901 87 Umea, Sweden
One central problem of neurodevelopment is how distinct neural progenitor cells are
generated from a uniform population of stem or precursor cells. The early
development of the CNS depends on three major inductive events i) neural induction
whereby embryonic ectodermal cells are induced to generate neural stem or precursor
cells, ii) induction of rostrocaudal neural identity resulting in a precise regional
variation in neural cell identity along the rostrocaudal neuroaxis and iii) induction of
dorsoventral identity in cells located at different rostrocaudal positions of the neural
tube. In vertebrates, most celltypes and organs develop by a series of inductive events
which control both multicellular pattern and differentiation of individual cells and
during the last decade it has become evident, that the early development of most
tissues and organs is regulated by interactive signalling by the same or similar, and
surprisingly limited number of extra-cellular signalling molecules. Each family of
signals and receptors consists, however, of multiple members that interact with
different specificity. The concerted actions of signals like HH, BMP/TGFp, FGF, Wnt
and Notch appear to control many of the processes that lead to the formation of most
organs. Thus, the challenge now is not so much to identify novel signals, but to
understand the mechanisms by which a limited number of signalling pathways interact
to control the development of cells and organs. One needs to understand how at
different developmental stages signals can act in either a convergent, opponent or
hierarchial manner, and how cells in different organs change with time, their
competence to respond to these signals. Genetic studies can provide information on
the requirement of these signals and on epigenetic interactions, but is less suitable to
dissect mechanisms of integrative signalling. Thus, to understand the development of
the CNS, there is great need to develop in vitro systems that can be used to study
interactive mechanisms. We have defined assay systems in chick, that permits a clean
dissection of individual tissues that can be used to perform gain and loss of function
studies and to define and interactive mechanisms, which in turn can dissect in fine
detail the steps of early CNS development. These assays have generated novel and
seminal information that is not available from other vertebrate organisms that
traditionally have not been used for the type of in vitro studies. Results on the
mechanisms of neural induction and of rostrocaudal and dorsoventral patterning of
neural progenitor cells will be presented.
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The secreted serine protease HtrA1 acts as a posteriorizing factor
by stimulating FGF signaling in Xenopus embryos

Shirui Hou and Edgar Pera
Georg-August-Universitat Gottingen, Institut fur Biochemie und Molekulare
Zellbiologie, Abt. Entwicklungsbiochemie,
Justus-von-Liebig-Weg 11, 37077 Gottingen, E-mail: epera@gwdg.de

The induction and pattern formation of the central nervous system are fundamental
events in vertebrate development. Studies in Xenopus have identified many signals
that induce anterior neural fate, including Insulin-like growth factors (IGFs) and
extracellular growth factor antagonists that inhibit BMP and Wnt signaling (Pera et
al., 2001; 2003). Other signals such as Fibroblast growth factors (FGFs) are known to
posteriorize neural tissue. In a direct screen for secreted proteins we isolated the
Xenopus homolog of the serine protease HtrAl. HtrAl contains a secretory signal
sequence, an IGF binding domain, and a serine protease domain. Microinjection of
HtrAl mRNA into Xenopus embryos resulted in loss of head structures, induction of
ectopic tails and expansion of mesoderm. HfrAl also enlarged the neural plate at the
expense of neural crest and epidermal tissue and induced ectopic neurons. A mutant
HtrAl construct, in which the catalytic serine residue was replaced by alanine, failed
to induce anencephaly and ectopic tails, indicating a crucial role of the proteolytic
domain for the activity of HtrAl. In loss-of-function experiments, an antisense
morpholino oligonucleotide that blocks HtrA1 protein synthesis (HtrA1-MO) enlarged
head structures and reduced tail development. HtrA1 cooperated with FGF signals to
induce mesoderm in ectodermal explants. In whole embryos, a dominant-negative
FGF receptor (XFD) blocked the ability of HtrA1 to inhibit head development, to
induce secondary tails and to stimulate mesoderm formation. Moreover, a dominant-
negative FGFR4a (dnFGFR4a) impaired ectopic neuronal differentiation by HtrAl,
suggesting that HtrA1 relies on an intact FGF signaling pathway to exert its activities.
Thus, Xenopus HtrA1 promotes posterior development in an FGF-dependent manner.
(This work was supported by the DFG grant PE 728/3 and the DFG Research Center
Molecular Physiology of the Brain.)

References

Pera E.M., Wessely O., Li S.Y., and De Robertis E.M. (2001). Neural and head induction by
insulin-like growth factor signals. Dev. Cell 1, 655-665.

Pera E.M., Ikeda A., Eivers E., and De Robertis E.M. (2003b). Integration of IGF, FGF, and
anti-BMP signals via Smad1 phosphorylation in neural induction. Genes Dev. 17, 3023-3028.
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Endocytosis controls spreading and effective signaling range of Fgf8 protein
during early neural development of the zebrafish

Steffen Scholpp *' 2 and Michael Brand *
1: Max-Planck Institute of Molecular Cell Biology and Genetics, and Dept. of Genetics, University of

Technology, Dresden; email: brand@mpi-cbg.de; 2: Present address: MRC Centre for Developmental
Neurobiology, London SE1 1UL, UK

Secreted signalling molecules are of great importance during development,
and elicit induction, proliferation, differentiation, and patterning events in target cells.
Fgf8 is a member of the fibroblast growth factor family, with key inductive and
patterning functions during vertebrate development, e.g. of the forebrain, midbrain,
cerebellum, heart, inner ear and mesoderm. In spite of the importance of this
signalling molecule, the mechanisms that control spreading of Fgf8 through
vertebrate tissues are largely unknown. We studied Fgf8 as a potential morphogen in
the nascent neuroectoderm of living zebrafish embryos. By fluorescently labelling
recombinantly manufactured zebrafish Fgf8 protein in vitro with Cy3 chromophore we
monitored spreading of Fgf8 protein from a focal source. We find that spreading of
tagged Fgf8 through target tissue is carefully controlled via endocytosis and
subsequent degradation in lysosomes, or ‘restrictive clearance’ from extracellular
space. If internalisation is inhibited, Fgf8 protein accumulates between cells, spreads
further, and activates target gene expression over a greater distance. Conversely,
enhanced internalisation increases Fgf8 uptake and shortens its effective signalling
range. Target cells can therefore influence the availability of Fgf8 ligand to other
target cells in an active way.

This work was supported through the Max-Planck-Society and a grant by the
European Union (QLG3-CT-2001-02310).
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Creating neuronal diversity in the dorsal spinal cord

Thomas Mﬁllerl, Hendrik Wildnerl, Dietmar Zechnerl, Mathias Treier2, and Carmen
Birchmeier'

"Max-Delbriick-Center for Molecular Medicine, Berlin, Germany; 2EMBL, Heidelberg,

Germany

Neurons of the dorsal spinal cord receive sensory information from the periphery, process
this information and relay it to higher brain centres and to motor neurons in the ventral
spinal cord. The complex circuitry in which these sensory interneurons participate is
established during development, and depends on a spatially and temporarily ordered
appearance of neuron types. We showed that two classes of dorsal spinal cord
interneurons (class A and B) can be distinguished during development. The bHLH gene
Olig3 is expressed in progenitor cells that generate class A neurons and that Olig3 is an
important factor in the development of these neuron types. In Olig3 mutant mice, class A
neurons are not correctly specified and assume the identity of class B neurons.
Conversely, Olig3 represses the emergence of class B neurons and a combinatorial code
of Olig3 and other bHLH factors specifies the fate of class A neuronal subtypes.
Canonical Wnt-signals are important for the specification of class A neurons. Gain-of-
function mutation of -catenin cause pronounced ventral shifts in the expression of
patterning genes like Olig3, and result in the specification of supernumerary class A
neurons. In contrast, loss-of-function mutation of B-catenin interferes with the expression
of Olig3 in dorsal progenitors. The homeobox factor Lbx1 is expressed in all class B
neuronal subtypes and is required for their differentiation. Olig3 and Lbx1 are therefore

important determinants in the development of class A and B dorsal spinal cord neurons.
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Analysis of neuron-glia interaction in Drosophila
G. Edenfeld, T. Stork, S. Bogdan, M. Zhu and C. Klambt

Institute of Neurobiology, University of Miinster, Badestrasse 9, 48149 Munster,

Germany.

There is no doubt that neurons provide the mechanics of neural computing but it is
interesting to note that as more complex a nervous system gets and as more efficient
it functions as more glial cells are integrated into the neural network. In insects and
other more primitive organisms only few % of all neural cells are of glial nature,
whereas in humans, glial cells outhumber neurons by a factor of 10. However,
despite this difference in relative cell numbers, glial cells perform quite similar tasks
in all organisms analyzed. At first, neuron-glia interaction is important during the
development of the embryonic nervous system. In Drosophila, the migration of
midline glial cells is essential for the establishment of the commissural axon pattern
and the longitudinal glial cells are needed to establish the longitudinal connectives.
Both glial cell types must migrate along neuronal substrates to perform their tasks.
The most extensive migration is displayed by the peripheral glial cells. They are born
in the CNS cortex and during formation of the peripheral nerves, they migrate out
along the nerve root to stereotyped positions in the periphery.

In order to identify genes that specifically play a role in glial migration, we have
conducted several mutagenesis experiments and screened for mutations affecting
the migration of the different glial cell types. We have identified about 50 genes that
cause defects in glial cell migration. The molecular analyses of 4 of these genes will

be presented.
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Drosophila crumbs — from epithelial cell polarity to retinal degeneration
Elisabeth Knust

Institut fuer Genetik, Heinrich-Heine-Universitaet Duesseldorf, Universitaetsstr. 1,

40225 Duesseldorf, Germany. e-mail: knust@uni-duesseldorf.de

Cell polarity is manifested by the shape of the cell, the orientation of the cytoskeleton and the
uneven distribution of organelles and molecules. There is accumulating evidence that multiprotein
complexes built from transmembrane and cytoplasmic proteins into larger protein scaffolds are
instrumental to compartmentalise the cell membrane and the underlying cytocortex, thereby
providing both structural and signalling functions.

crumbs and stardust are essential for the maintenance of polarity and tissue integrity of many
ectodermally derived epithelia of the Drosophila embryo. The transmembrane protein Crumbs
organises a protein complex in the subapical region, apical to the zonula adherens. Its four C-
terminal amio acids ERLI directly interact with the PDZ-domain of one of the isoforms encoded by
Stardust, a scaffolding protein of the MAGUK (membrane associated guanylatekinase) protein
family. Stardust itself recruits the four PDZ-domain protein DPATJ and the single PDZ-domain
protein DLin-7 by interactions with its two L27-domains into the complex. A further interaction
between Crumbs and DmPar-6, a member of the Bazooka/aPKC complex, suggests a connection
between the two complexes.

In addition to their role in epithelial polarity, crumbs and stardust are required later in the
photoreceptor cells. In these highly polarised cells, a similar protein complex, composed of Crumbs,
Stardust, DPATJ and DLin-7 is localised at the stalk membrane, which topologically corresponds to
the subapical region of epithelia cells. Loss of either gene results in defective morphogenesis and in
light dependent retinal degeneration of the photoreceptor cellss. Degeneration can be prevented by
several means, such as inhibition of apoptosis, reduction in rhodopsin levels or prevention of
endocytosis. This makes Drosophila an ideal model to study the genetic and molecular basis of
RP12 and LCA, two severe forms of retinal degeneration in humans, some of which are associated

with mutations in CRB1, which is homologous to Drosophila crumbs.
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Retinoic acid—dependent regulation of BM P4 and Thx5 in chick retinal
development

Sarah Golz and Jérg Mey

Institut fr Biologie I, RWTH Aachen, Kopernikusstr. 16, 52074 Aachen, Germany
e-mail: golz@bio2.rwth-aachen.de

The transcriptional activator retinoic acid (RA) has a morphogenic role in the embryonic de-
velopment of vertebrates, especially in the polarization of body axis. RA has been proposed to
be a determining factor in setting up the dorsoventral polarity of the eye axes, thereby organiz-
ing the later developing retinotopic visua projection [1]. The pathfinding of retinofugal axons
along the dorsoventral axis of the visual system is controlled by the family of ephrinB ligands
and EphB tyrosine kinase receptors. Their action is in turn controlled by signals with spatially
restricted expression domains in the dorsal (Thx5, BMP4) or ventral eye cup (ventroptin, cVax,
Pax2) [2]. The consequence of changing RA levels on regional patterning within the retina and
on projecting retinal axons has not been tested so far. To this end we manipulated the RA
distribution in the early chick eye anlage at E2 and subsequently monitored the expression of
gpatial signals with quantitative RT-PCR at E3.5. We found that injections of al-trans RA
suppressed the expression of dorsal molecules Thx5 and BMP4, while EphrinB1 was reduced,
but not significantly. In good accord with these data, the injection of Citral, an inhibitor of RA-
synthesis, enhanced the expression of BMP4 and Thx5. Thus, retinoic acid may prevent BMP4
and Thx5 from influencing the ventral retina. EphrinB1 was regulated to a lesser extent,
indicating, that it is affected by RA only indirectly, possibly via the regulation of Tbx5. In
contrast to these dorsal factors, the ventral transcription factor Pax2 was not affected by a
changes in retinoic acidd signalling. This observation was corroborated on the protein level by
immunhistochemical analysis of retina sections. Therefore, RA appears not to be upstream of
Pax2. To analyze the effect of exogenous RA on the retinotectal projection, anterograde tracing
was performed between E16 and E18 by Dil injections into the dorsalmost point of the retina.
Irrespective of the RA treatment, all labeled primary axons projected to the expected position in
the lateral tectum, where they formed a condensed termination zone. Contrary to our
expectation, that a lowered ephrin-B1 expression in the retina would lead to a ventralized
retinotectal projection, these tracing experiments revealed no alteration of the innervation
pattern in the tectum.

Supported by the Deutsche For schungsgemeinschaft, ME1261-5.

[1] Mey et d., Dev. Brain Res. 127 (2001): 135-148. [2] Schulte et al., Neuron 24 (1999): 541-553.
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The role of Xmxi1 in primary neurogenesis in Xenopus laevis.

Tiemo J. Klisch, Kathrin Jurgens, Jacob Souopgui, Tomas Pieler and Kristine A.
Henningfeld. Developmental Biochemistry, University of Goettingen, Justus-von-Liebig
Weg 11, 37077

tklisch1 @gwdg.de

Members of the Myc-Max-Mad network are essential regulators of cellular growth,
proliferation and differentiation. Proteins of this family are characterized by a conserved
basic-helix-loop-helix-leucine zipper (bHLHZ) domain that facilitates DNA binding and
protein dimerization. In general, Myc positively regulates cell growth and proliferation
and requires the association with Max to bind to DNA regulatory sequences. The Mads
can antagonize the activity of Myc by sequestering Max, and by binding and repressing
a subset of Myc-Max target genes. We have isolated and characterized Xenopus Mxi1,
a member of the Mad family. Xmxi1 transcripts are found by whole mount in situ
hybridization to be broadly expressed throughout the open neural plate, earlier and in
broader domains as compared to neurogenin (X-ngnr-1). As development proceeds,
Xmxi1 transcripts are detected in the CNS including the eye, olfactory placodes,
midbrain, hindbrain and spinal cord, where it is located in the proliferating cells of the
ventricular zone. Consistent with an early role in primary neurogenesis, Xmxi1 is
regulated positively by BMP inhibition and negatively by lateral inhibition.
Overexpression of Xmxi1 or Xmxi1 fused to the engrailed repressor domain in Xenopus
embryos inhibited the neuronal differentiation marker N-tubulin but did not alter the
expression of early determination and differentiation markers such as X-ngnr-1 and
MyT1. Both constructs also ectopically activated XSox3, an early pan-neural marker of
proliferating neural precursor cells. Consistently, as shown by BrdU incorporation,
overexpression of Xmxi1 increased proliferation as well down-regulated the expression
of cell cycle control genes XPak3 and XGadd45-y. Moreover, the described in vivo
activities of Xmxi1 were shown to require a functional DNA binding domain. These
results demonstrate a role for Xmxi in the maintenance of neural precursor cells in a
proliferative state prior to terminal differentiation.
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Isolation and Characterization of Xenopus Sox1 Barbara Rust, Tomas
Pieler and Kristine Henningfeld. Department of Developmental Biochemistry,
University of Goettingen, Justus-von-Liebig Weg 11, 37077
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The Sox family of transcription factors plays an essential role in cell fate
decisions during embryogenesis. Members of the Sox-B1 subgroup (Sox1-3)
are expressed in the early developing vertebrate nervous system. Despite the
high protein homology within the HMG-box, members of this group do not
exhibit redundant functions. In mammalian cells, Sox2 and Sox3 are thought
to maintain neural precursor identity, while Sox1 drives neuronal
differentiation. To gain insight into the function of Sox1 during Xenopus
neurogenesis we have overexpressed mSox1 in Xenopus embryos.
Consistent with previous results in higher vertebrates, Sox1 down-regulated
the expression of Sox3 and induced ectopic neurons. To further evaluate the
function of Sox1, we have isolated the Xenopus Sox1 gene. XSox1 exhibits
70% overall amino acid identity with mSox1 and a higher degree of homology
within the HMG box (100%). The expression of XSox1 was evaluated by
whole mount in situ hybridization. In contrast to XSox2 and XSox3, which are
expressed maternally and broadly throughout the neural ectoderm, the
expression of XSox1 is more limited and can first be detected in the anterior
region of the open neural plate. Later expression is observed in the central
nervous system, including the forebrain, midbrain, hindbrain, floorplate and a
subset of differentiated neurons. The isolation of Sox1 together with the
previously isolated XSox2 and XSox3 will aid in the elucidation of the function
of Sox-B1 subgroup in the molecular events of vertebrate neurogenesis.
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Response of cortical axons to semaphorin gradients
Tina Ruediger ', Dominique Bagnard > and Juergen Bolz '

! Friedrich-Schiller Universitaet Jena, Institut fiir Allgemeine Zoologie und Tierphysiologie,
Erbertstrasse 1, 07743 Jena, Germany; > INSERM U575 Physiopathologie du Systéme
Nerveux, Centre de Neurochimie, 5 rue Blaise Pascal, 67084 Strasbourg, France

Different members of the secreted class III semaphorin protein family have been implicated in
mediating axonal guidance during development of the nervous system. Previous in vitro-
studies with the stripe assay demonstrated that Sema 3C acts as an attractive and Sema 3A as
a repulsive guidance cue for cortical axons (Bagnard et al., Development 125, 5043, 1998).

In the present study we examined the behaviour of cortical axons exposed to semaphorin
gradients. For this we dissociated cortical neurons from E14 mouse brains and plated them on
membrane gradients prepared from Sema3C- and Sema3A transfected HEK 293 cells. On
Sema3C gradients, most axons extending from the cortical neurons were oriented toward the
side of higher membrane concentration (uphill the gradient). In contrast, on Sema3A gradients
the majority of the axons grew toward the side of lower membrane concentration (downhill
the gradient). A chemorepulsive effect of Sema3A, the reduction of axonal length, was only
observed when axons were growing towards increasing concentrations of this molecule.
Cortical axons growing towards decreasing Sema3A concentrations were as long as axons
growing on control substrates. For Sema3C we observed no difference in length of axons
growing uphill or downbhill the gradient. Finally, when cortical neurons were cultured on
homogeneous Sema3A or Sema3C membrane carpets, they showed no orientation preference
for axon outgrowth and axonal length was also not affected by the presence of these
semaphorins. These data indicate that cortical axons are very sensitive to changing
concentrations of semaphorins, whereas they appear to adapt semaphorins when the
concentration is constant. As a first step to characterize possible signalling mechanisms that
allow cortical neurons to read semaphorin gradients we used inhibitors of kinases and
guanylate cyclases. Application of ODQ, a specific inhibitor of soluble guanylate cyclase,
strongly reduced the orientation of cortical fibers within Sema3C gradients. PD98059, a
selective MAPK kinase inhibitor, abolished the "uphill preference" for Sema3C and the
"downhill preference" for Sema3A, suggesting that this kinase is required for the orientation
of cortical axons within semaphorin gradients.

References:
D. Bagnard et al., Semaphorins act as attractive and repulsive guidance signals during the
development of cortical projections. Development, 125, 5043-5053, 1998.
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Introductory Remarks to Symposium 6

Brain plasticity and cognition:
cellular mechanisms and clinical per spectives

E. Fuchsand G. Kempermann, Géttingen and Berlin

Over the last decades the concept of plasticity has fundamentally changed our view on brain
function in health and disease. Plasticity describes the interaction between function and form.
However, it remains a sometimes vague and problematic term. In the proposed symposium
we would like to address some of the most exciting new aspects of brain plasticity. The
discovery of stem cells in the adult brain and of adult neurogenesis has added a new
dimension to plasticity research. New theories have linked neuropsychiatric disorders such as

depression, dementia and temporal lobe epilepsy to a failure of adult neurogenesis.

We will gather a panel of some of the leading experts in this field and aim at providing a
comprehensive session on a topic that has not yet been covered in comparable depth at an
international conference attracting researchers from all areas of neurobiology. We believe that
this symposium would be timely and well received by the audience. We have chosen an

interdisciplinary approach and will discuss aspects from basic research to the clinic.

#S6



Gottingen NWG Conference 2005 #S6-2

Stem cells in the adult brain: new players in concepts of plasticity

Gerd Kempermann, Max-Delbrtick-Center for Molecular Medicince (MDC) Berlin-Buch, and
VolkswagensStiftung Research Group at the Dept. of Experimental Neurology, Charité University
Medicine Berlin, Robert-Rossle-Str. 10, 13125 Berlin

E-mail: gerd.kempermann@mdc-berlin.de

The adult mammalian brain contains precursor cells that contribute to cell genesis throughout
life. Except for the development of few new oligodendrocytes it was long assumed that this cell
generation mainly consisted of astrocytic proliferation in cases of damage. However, two lines of
evidence have changed this view. First, adult neurogenesis can be found in the hippocampus
and olfactory system. Second, cells with precursor cell properties proliferate throughout the brain
even under physiologic conditions and generate new astrocytes and oligodendrocytes. This cell
genesis is regulated dependent on activity. It even includes an activation of microglia, which is
not of neuroectodermal lineage. The exact function and the relevance of this cellular plasticity for
cognition are not yet known, but research on adult hippocampal neurogenesis leads the way in
demonstrating how new cells can be involved in plasticity that is linked to concrete function.
Precursor cell populations in the adult brain are heterogeneous and do not respond uniformly to
identical stimuli. This suggests that the functional relevance of precursor cell activity in the adult
brain might not be homogenous either.

One intriguing aspect of activity-dependent regulation of adult hippocampal neurogenesis is the
reciprocal link between cognitive or other brain “activity” and neuronal development. Neuronal
maturation is influenced by cognitive stimuli: “learning” appears to recruit immature neurons into
function, which otherwise would die. One can interpret such finding in a Hebbian way and
hypothesize that the new neurons have particular functions in hippocampal plasticity that is
directly linked to learning. There are first network theories that incorporate neurogenesis and call
for growing networks. Function of new neurons might have distinct short-term and long-term
benefits.

The role of new glia in this context is even less clear than the contributions of precursor cell-
based neurogenesis. Given the fact, however, that astrocytes, for example, participate in
network function by the modulation of synaptic transmission, there is room for expanding the
theory of a contribution of precursor cells to brain plasticity beyond neurogenesis.
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Clinical Implications of Neuroplasticity

Fritz A. Henn
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Depression, are-occurring disease, appear sto result in changesin information
processing which lead to a negative valuation of events, resulting in low mood,
helplessness, hopelessness, decreased energy and reduced concentration. These changes
may relateto alterationsin hippocampal function, in the recor ding of memories, which
resultsin changesin a wide-spread circuit modulating affect. Within the hippocampusit
isclear that a variety of inputs can affect mood. These include nor-epinephrine (NE),
serotonin (5HT), and cortisol, all factors activated by stress. These are thought to act
through activation of CREB and neur otrophins such as BDNF and have been postulated
to lead to changesin either neurogenesis or synaptogenesis. Stress has been shown to
decr ease neur ogenesis, and most antidepr essants have been shown to increase
hippocampal neur ogenesisleading to the hypothesisthat changesin therate of new
neuron formation may underlie depressiveillnesses. Thishypothesisiscritically
reviewed. Evidence that synaptogenesis playsa critical rolein regulating affect will be
reviewed. M ethods to measur e thisin patientsdirectly in the CNSwill be presented.
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Live and let die: changes in cell birth and cell death in the stressed brain

Paul J. Lucassenl, Vivi M. Heinel, Boldizsar Czehz, Eberhard Fuchs®® & Marian Joels'

1) Section Neurobiology, Swammerdam Institute of life Sciences, University of Amsterdam, Kruislaan 320, 1098 SM Amsterdam, T: + 31 20 525
7631, F:+3120 525 7709, lucassen@science.uva.nl

2) Clinical Neurobiology Laboratory, German Primate Center, Gottingen, Germany

3) Department of Neurology, Medical School, University of Géttingen, Gottingen, Germany

Although earlier hypotheses on the pathophysiology of major depression generally focused on aberrant neurotransmitter
concentrations, recent neuroimaging studies have demonstrated selective structural alterations in brains of depressed
patients, supporting the idea that depression involves impairments of structural plasticity.

Stressful life events are major predisposing risk factors for the development of depression in genetically
predisposed individuals. Indeed, an hypothalamic-pituitary-adrenal (HPA) hyperdrive, glucocorticoid resistance and
hippocampal volume reductions are commonly observed in depressed patients. To address whether stress could be
instrumental in this, we studied structural dynamic alterations, i.e. cell birth, neurogenesis, apoptosis, hippocampal cell
number and volume, in 2 stress-related animal models for aspects of depression, i.e. rats and tree shrews, and relate this
to observations in postmortem hippocampal tissue from depressed patients (Lucassen et al;., 2001; Muller et al., 2001).

In tree shrews, 1 month of psychosocial stress decreased dentate proliferation rate and reduced hippocampal
volume. Even though long-lasting social conflict does not lead to a loss of principal cells, a lower incidence of
apoptosis and alterations in intrinsic and synaptic excitability of pyramidal neurons were measured. Notably, these
suppressive effects of stress on hippocampal function and structure could be counteracted by treatment with the
antidepressant tianeptine, that also had an anti-apoptotic effect, both in hippocampal subregions as well as the temporal
cortex (Lucassen et al., 2004).

In rats, both chronic unpredictable, but also acute, stress decreased the numbers of adult-generated cells. The
reduced proliferation after acute stress, however, normalized again already within 24 hrs, whereas most of the structural
dynamic changes after chronic stress required minimal 3 weeks before recovery became apparent. Apoptosis on the
other hand, increased after acute, but was decreased after chronic stress (Heine et al., 2004). Further data on treatment
with the glucocorticoid receptor (GR) antagonist RU486, that e.g. reduced symptoms in patients with (psychotic)
depression (Belanoff et al., 2002), will be presented.

The present data indicate that not only neurogenesis but also apoptosis continues to be present in the adult
hippocampus, which is notably affected by stress and antidepressant treatment in an adaptive, non-lasting manner
(Heine et al., 2004). These findings have important consequences for our understanding of (the reversibility of) stress-
related (hippocampal volume) changes in depression. Although at least some antidepressants thus correct aberrant
levels of neurogenesis as well as apoptosis, thereby suggesting a causal link between neurogenesis and depression,
reduced neurogenesis on its own, however, is not sufficient to induce depressive symptoms in rodents (Hen &

Vollmayr, 2004), indicating that also other parameters must be involved.

PJL is supported by the HersenStichting Nederland and the Volkswagen Stiftung.
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Neurogenesis and the Makings of Memories
Tracey J. Shors, Ph.D.
Rutgers University

The number of new neurons produced each day in the adult brain is in the thousands if
not tens of thousands (Gould et al., 1999, Cameron and McKay, 2001). The vast majority of
these new neurons are produced in the hippocampus, a brain region known to be critical for
certain types of learning. Most of these new cells die within weeks of their birth. Given that so
many cells are born in the hippocampus, we have proposed that they may be involved in the
formation of new memories and have accumulated considerable evidence that they are. First, we
found that learning affects their survival. More specifically, animals that are trained on a
learning task that requires the hippocampus maintain many more of these new neurons after
training than animals not exposed to the learning task or trained on a task that does not require
the hippocampus (Gould et al., 1999). Thus, acquisition of new information can rescue these
new neurons from death. Moreover, once rescued from death by learning, they survive for
months (Leuner et al., 2004). Finally, we have found that the new neurons may be involved in
memory formation of very specific types — those in which animals must associate events over
time (Shors et al., 2001, 2002, 2004). Together, our data suggest that these new neurons are
affected by new learning and may be involved in the formation of memories themselves.

[supported by NIH(MH59740)]
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Interplay between the immune system and brain plasticity
Theo Palmer

Department of Neurosurgery, Stanford University
Palo Alto, CA, USA

With very few exceptions, the adult brain learns and adapts by altering the strength and
number of existing connections while maintaining a fixed number of neurons. However,
the hippocampal dentate gyrus is one area where plasticity includes the loss and addition
of neurons. Within the dentate granule cell layer, neural progenitor cells continually

produce new neurons and this insertion of elements within the preexisting circuitry

correlates with hippocampal-mediated learning and memory as well as mood/depression.

In recent work we have noted that a variety of insults can lead to a persistent
neuroinflammatory response and that neurogenesis and hippocampal function are
attenuated. In cancer patients and in animals treated with cranial irradiation, the
combined impact of cell killing from radiation and the subsequent long-lived
neuroinflammatory response lead to progressive cognitive deficits with prominent
impairment in hippocampal learning and memory. We have noted that treatment of
irradiated animals with non-steroidal anti-inflammatory drugs (NSAIDs) can partially
reverse the inflammation-induced deficit in neurogenesis and are currently studying the
mechanisms by which inflammation and NSAID treatment alter local neural progenitor
cell signaling. Ultimately, the modulation of neuroinflammatory responses may provide
an effective clinical strategy for enhancing the restorative capacity of neural

progenitor/stem cells within the adult brain.
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NEUROGENESIS AND LONG-TERM POTENTIATION IN THE HIPPOCAMPUS OF TWO TAU TRANSGENIC
MOUSE MODEL ARE NOT RELATED
K. Boekhoorn®, R. Lasrado?®, P. Borghgraef®, D. Terwel?, O. Wiegert!, M. Joels', H. Krugers', F. Van Leuven? and P.J.

Lucassen®.

! Section Neurobiology, SILS, University of Amsterdam, the Netherlands

?The Experimental Genetics Group, Centre for Human Genetics, Katholieke Universiteit Leuven, Belgium.

The hippocampus, an important area in learning and memory, is one of the few brain areas where adult neurogenesis occurs.
Amongst many factors, damage is known to stimulate neurogenesis. In line with this, in Alzheimer’s disease (AD),
expression of cell cycle markers and mitotic phosphoepitopes is increased in the hippocampus. This area is one of the first
locations where the two major pathological features of AD, plaques and tangles, are found. Here we focus on the tangles,
since these intracellular occlusions of hyperphosphorylated tau correlate well with cognitive decline. Also alterations in tau
isoform expression are known to cause dementia. Here, we investigate whether alterations in tau isoform expression and/or
tau phosphorylation affect neurogenesis, and in parallel hippocampal functioning, by measuring long-term potentiation
(LTP) in two novel tau transgenic mouse models.

We show that in the first transgene (the tau “knock-in knock-out” mouse), which has alterations in tau isoform
expression and hyperphosphorylation, neurogenesis (BRDU + Doublecortin counts) is indeed increased, correlating with
decreased apoptosis and increased hippocampal size. In the other model, (the P301L mutation) which only displays
hyperphosphporylation of tau, we found increased LTP in the dentate gyrus, corresponding with decreased paired pulse
depression. Thus, LTP and neurogenesis did not correlate in either of the two models. We are currently studying the effect of
these tau alterations on behaviour.

Supported by the Internationale Stichting Alzheimer Onderzoek (ISAO).

Karin Boekhoorn

e-mail: boekhoorn@science.uva.nl



Gottingen NWG Conference 2005
Symposium #S7:

Extracellular matrix molecules in regeneration and synaptic plasticity

#31

#S7-1

#S7-2

#S7-3

#S7-4

#S7-5

#25A

#26A

#27TA

CG. Becker, A. Dityatev, T. Becker, Hamburg

I ntroduction

CG. Becker, A. Dityatev, T. Becker, Hamburg
Extracellular matrix molecules in regeneration and synaptic plasticity

Slide

CG. Becker, J. Schweitzer, M. Schachner and T. Becker, Hamburg
ECM molecules as guidance factors during devel opment and regeneration in the central
nervous system of adult zebrafish

JW. Fawcett, Cambridge (UK)
Manipulation of ECM in axon regeneration and plasticity

G. Brickner, Leipzig
Perineuronal nets - a basic principle of extracellular matrix organization in the central
nervous system

H. Rauvala, Helsinki (FIN)
Functions of N-syndecan (syndecan-3) in developing and adult brain

O. Bukalo, O. Nikonenko, M. Schachner and A. Dityatev, Hamburg
Extracellular matrix glycoprotein tenascin-R and hippocampal meta-plasticity

Poster

J. Kern, T. Kuenzel, PD. Dalton, H. Luksch and J. Mey, Aachen
Interactions of retinal ganglion cell axons with oriented electrospun fibresin vitro

AU. Bréauer, R. Nitsch and NE. Savaskan, Berlin and Amsterdam (NL)
I dentification and classification of a novel gene family in humans and other vertebrates
homologous to PRG-1

SW. Schwarzacher, M. Vuksic, CA. Haas, G. Burbach, RS. Sloviter and T. Deller,
Frankfurt, Zagreb (HR), Freiburg and Tucson (USA)

The regulation of the extracellular matrix molecule neurocan in the rat hippocampusis
activity-dependent



#28A

#29A

Gottingen NWG Conference 2005

N. John, K-H. Smalla, MR. Kreutz, ED. Gundelfinger and Cl. Seidenbecher, Magdeburg
Brevican-Containing Perineuronal Nets of Extracellular Matrix Develop in Dissociated
Hippocampal Primary Cultures.

D. Mdin, A. Dityatev, G. Dityateva, A. Aszddi, R. Wagener and D. Riethmacher,
Hamburg, Martinsried and Cologne

Distribution and functions of extracellular matrix protein matrilin-2 in the nervous system
of mice



Gottingen NWG Conference 2005

Introductory Remarks to Symposium 7
Extracellular matrix molecules in regeneration and synaptic plasticity
Catherina G. Becker, Alexander Dityatev, Thomas Becker, Hamburg

This symposium will be a forum to present and discuss recent exciting developments in the
field of extracellular matrix (ECM) molecules. Traditionally viewed as important
morphogenic components regulating proliferation, migration, and differentiation of cells
during development, ECM molecules also appear as important players in neuroplasticity in
adults. Contributions of glycoproteins of the tenascin family and chondroitin sulfate
proteoglycans (CSPGs) to axon regeneration and synaptic plasticity will be in the focus of the
presentations.

Many ECM molecules are inhibitors for axonal re-growth in the adult mammalian CNS.
Homologs of the mammalian ECM molecules are expressed in the CNS of adult zebrafish,
which show successful axonal regeneration of axon tracts, for example in the spinal cord and
the visual system. Dr. Catherina G. Becker will outline how ECM molecules, such as
CSPGs or tenascin-R are used as repellent guidance factors in the regenerating adult CNS and
during development of the zebrafish nervous system.

Dr. James W. Fawcett will focus on the dual roles of CSPGs in the adult mammalian CNS.
The enzymatic removal of the sugar side chains by chondroitinase ABC facilitates axonal re-
growth after injury in the spinal cord. Chondroitinase treatment also enhances synaptic
plasticity in areas that under normal conditions cannot remodel.

Conspicuous structures that are enriched in ECM molecules in the central nervous system are
the so-called perineuronal nets, which surround cell bodies and proximal dendrites in a mesh-
like structure that interdigitates with synaptic contacts. Dr. Gert Brickner will present data
on development and composition of perineuronal nets in vivo and in vitro and will discuss
their putative functions.

Dr. Heikki Rauvala will discuss the properties of HB-GAM (heparin-binding growth-
associated molecule). Mutant mouse approaches and in vitro studies implicate HB-GAM and
its receptor Syndecan-3 (N-syndecan) in the regulation of migratory responses of neurons and
in synaptic plasticity.

Electrophysiological and ultrastructural analysis of mice deficient in tenascin-R revealed
severe deficits in perisomatic inhibitory currents and synapses in the hippocampus. Dr. Olena
Bukalo will present data supporting a view that disinhibition in tenascin-R deficient mice
elevates basal excitatory transmission and number of perforated synapses in Schaffer
collateral synapses, and increases the threshold for induction of LTP.

#S7
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ECM molecules as guidance factors during development and regeneration in
the central nervous system of adult zebrafish

Catherina G. Becker, Jorn Schweitzer, Melitta Schachner, Thomas Becker

Zentrum fur Molekulare Neurobiologie, D-20246 Hamburg, Germany.

Adult zebrafish, in contrast to mammals, are capable of regenerating tracts of the
central nervous system, including the optic projection. In zebrafish, new retinal
ganglion cells are continuously added to the periphery of the retina during
development and in adult animals. Thus, regenerating optic axons may rely on the
same guidance cues as newly growing axons in unlesioned developing and adult
animals to find their way to different targets in the brain. Components of the
extracellular matrix (ECM), such as tenascin-R and chondroitin sulfate (CS)
proteoglycans repel neurites when presented as a substrate border in vitro.
Tenascin-R borders on the optic tract caudally in 3-day-old zebrafish. When protein
expression is reduced by injection of anti-sense morpholino oligonucleotides, optic
axons invade the diencephalon caudal to the optic tract. This suggests a repellent
guidance function for tenascin-R during development. In adult animals, boundary-like
expression is also found, e.g. next to intraretinal fascicles of newly growing optic
axons, the optic tract and in non-retinorecipient pretectal brain nuclei. These patterns
undergo little change after a lesion of the optic nerve and adult regenerating optic
axons are still repelled by a substrate border of tenascin-R in vitro. This suggests that
tenascin-R is a repellent guidance molecule during development and regeneration.
CSs are co-expressed with tenascin-R in non-retinorecipient pretectal brain nuclei in
unlesioned and lesioned adult animals. Enzymatic removal of CSs in vivo leads to
erroneous regeneration of optic axons into non-retinorecipient nuclei, suggesting a
repellent guidance function during regeneration also for CSs. We speculate that
correct pathfinding of regenerating optic axons in adult zebrafish after a lesion of the
optic nerve may be attributable to multiple developmental guidance cues that are

retained in the adult to guide newly growing optic axons in unlesioned animals.
Supported by the Deutsche Forschungsgemeinschaft and the University Hospital Eppendorf Special

Fund for Promotion of Women in Science.
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Manipulation of ECM in axon regeneration and plasticity
James Fawcett
Cambridge University Centre for Brain Repair, Robinson Way, Cambridge CB2 2PY

Chondrointin sulphate proteoglycans (CSPGs) are upregulated in glial scar tissue and inhibit axon
regeneration. Not only are the protein cores upregulated, but also there is more glycosaminoglycan
(GAG) attached to them. The final stage of GAG synthesis is sulfation, which can occur in three
positions. Both 6 sulfated GAG and the sulfotransferase that sulfates n-acetly galactosamine in the 6
position is specifically upregulated in glial scar tissue, in inhibitory glial cells, and in astrocytes treated
with TGF alpha and beta. Removal of GAG chains by digestion with chondroitinase or inhibiton of
GAG synthesis with chlorate or beta-d-xylosides removes much of the inhibition from CSPGs in vitro.
We therefore tested to see whether GAG digestion by chondroitinase would promote axon regeneration
in vivo. We first treated mechanical lesions of the nigrostriatal tract, and saw regeneration of about 4%
of axons back to their target. Next dorsal column lesions of the spinal cord at C4 were treated. Both
sensory and corticospinal axons regenerated in treated cords, and there was rapid return of function in
beam and grid walking tests. The return of function was so rapid that we hypothesised that some of it
might be due to enhanced plasticity. Many neuronal cell bodies and dendrites are coated in thick
perineuronal nets of inhibitory CSPGs and tenascin-R which would certainly be expected to prevent the
formation of new synapses. We therefore tested the effects of chondroitinase treatment in a plasticity
model, ocular dominance shift in the visual cortex following monocular deprivation. Monocular
deprivation in adult animals normally produces no ocular dominance shift. However in adult animals in
which the cortex was treated with chondroitinase there was a large shift in response to monocular
deprivation. The structures that block plasticity are probably the perineuronal nets, which are layers of
CSPG, tenascin and hyaluronan that surround many neurones and their dendrites, and which appear at
the same time as critical periods terminate. We have investigated the composition of these structures,
and determined which cells make the various components.

#S7-2
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Perineuronal nets—a basic principle of extracellular matrix organization in the
central nervous system

Gert Brickner
Paul Flechsig Institute for Brain Research, University of Leipzig, Jahnalle 59, D-04109 Leipzig, Germany

The extracellular matrix in the CNS, for long time considered as space-filling
ground substance, has been shown to express region- and cell type-dependent
patterns (Fig.1). This heterogeneity provides a spatial and chemical
organization of the intercellular space required to maintain specific structural
and physiological properties of neurons and glial cells. The most conspicuous
examples of extracellular matrix specialization are the perinodal gap substance
around nodes of Ranvier and perineuronal nets (PNs) *. PNs can be defined as
accumulations of aggregating chondroitin sulfate proteoglycans, hyaluronan
and tenascin-R 2, forming lattice-like structures around the soma, proximal
parts of dendrites and the axon initial segment. Within these highly hydrated,

polyanionic macromolecular complexes especially the proteoglycans
(aggrecan, neurocan, brevican) contribute to the chemical heterogeneity of

Fig. 1. Aggrecan immunofluorescence (red)
PNs by coexistence in different proportions and by large variations in the  in the mouse dorsal hippocampus (CA1-3)
and dentate gyrus (DG). Intensely labelled
perineuronal nets are associated with

heterogeneity, the quantity and arrangement of matrix components form  interneurons. Predominant neuropil staining
indicates the CAZ2 region.

glycosylation of the major component aggrecan *. In addition to the chemical

different structural types of PN, such as robust lattice-like PNs around

parvalbumin-positive interneurons, faint pyramidal PNs and diffuse PNs in the rat cerebral cortex *. PNs have been shown to
appear postnatally during the period of synaptic refinement and myelination, in parallel with the commencement of mature
physiological properties of neurons. The matrix patterns formed persist in the adult as intrinsic part of the cortical maps and the
region-specific architecture of subcortical nuclei. The partial destruction of PNs by intracerebral injection of chondroitinase
ABC and the long-lasting in-vivo labelling with lectins revealed a slow reorganization of their matrix components in adult
animals.

Possible common functions of PNs and the relevance of the various cell type-specific phenotypes remain to be elucidated. The
temporal course of activity-dependent PN formation led to the hypothesis that PNs are involved in the stabilization of synaptic
contacts ° and may thus play a role in the regulation of synaptic plasticity. The frequent association of PNs with particular
physiological types of neuron, such as the fast-spiking cortical interneurons, and their absence around slow modulatory
cholinergic and aminergic neurons, suggest a role in the maintenance of the high electrophysiological activity of net-associated
neurons. Moreover, PNs may potentially contribute to neuroprotection. To investigate such functional aspects, as well as the
dynamics of the development and reconstitution of PNs, organotypic slice cultures ® and dissociated cell cultures are promising
models, in which the cell type-specific formation of PNs is retained.

! Briickner, G., Brauer, K., Hartig, W., Wolff, J.R., Rickmann, M.J., Derouiche, A., Delpech, B., Girard, N., Oertel, W.H.,
Reichenbach, A., 1993. Glia 8, 183-200.

2 Briickner, G., Grosche, J., Schmidt, S., Hartig, W., Margolis, R.U., Delpech, B., Seidenbecher, C.1., Czaniera, R., Schachner,
M., 2000. J. Comp. Neurol. 428, 616-629.

® Matthews, R.T., Kelly, G.M., Zerillo, C.A., Gray, G., Tiemeyer, M., Hockfield, S., 2002. J. Neurosci. 22, 7536-7547.

* Wegner, F., Hartig, W., Bringmann, A., Grosche, J., Wohlfarth, K., Zuschratter, W., Briickner, G., 2003. Exp. Neurol. 184,
705-714.

® Hockfield, S., Kalb, R.G., Zaremba, S., Fryer, H., 1990. Cold Spring Harbor Symp. Quant. Biol. 55, 505-514.

® Briickner, G., Grosche, J., 2001. Exp. Brain Res. 137, 83-93.
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Functions of N-syndecan (syndecan-3) in developing and adult brain
Heikki Rauvala
Neuroscience Center, University of Helsinki, Finland

N-syndecan is the major transmembrane heparan sulfate proteoglycan of the nervous system. The
carbohydrate chains of N-syndecan provide binding sites to several growth and matrix factors,
like FGFs, GDNF-family members and HB-GAM (pleiotrophin). Ligation of N-syndecan triggers
a cytosolic signaling pathway through src-kinase-cortactin that mediate regulation of the
cytoskeleton.

We have produced N-syndecan knockout mice to analyze the roles in brain development and
plasticity. Embryonic neurons from the -/- mice are defective in haptotactic migration to HB-
GAM and in radial migration in brain slices. Migration is defective even when the neuroblasts
are stimulated by EGF that is known to function as a scatter factor for the type of neurons used in
the assays. We suggest that N-syndecan participates in activation of the EGF receptor by
sensitizing the receptor through the src-kinase. Histological analysis of the N-syndecan null mice
is compatible with the migration defect observed in vitro. In the adult mice, HB-GAM/N-
syndecan was found to form a unique ligand/receptor pair that is induced by high-frequency
stimulation in the hippocampus but suppresses LTP. In addition, a role in the hypothalamus
regulating feeding behaviour was found. We suggest that N-syndecan is an essential component
in the migration machinery in neuroblasts and an activity-induced gene regulating behaviour in
the adult brain.
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Extracellular matrix glycoprotein tenascin-R and hippocampal meta-plasticity

Olena Bukalo, Olexander Nikonenko, Melitta Schachner and Alexander Dityatev
Zentrum fur Molekulare Neurobiologie, Universitat Hamburg,
Martinistr. 52, D-20246 Hamburg, Germany

The extracellular matrix glycoprotein tenascin-R (TN-R) is highly expressed in the pyramidal
layer of the CA1 region of the hippocampus, being one of the major components of perineuronal
nets surrounding parvalbumin-positive interneurons. In previous investigations of TN-R deficient
(TN-R-/-) mice, long-term potentiation (LTP) induced by the theta-burst stimulation of Schaffer
collaterals in the CAL region was found to be impaired. Here, we report that pairing of low-
frequency presynaptic stimulation with a depolarization of postsynaptic CA1 pyramidal cells to 0
mV induced normal LTP of approximately 190% in TN-R-/- mice. However, pairing of
presynaptic stimulation with a weaker depolarization to —10 mV produced LTP of approximately
150% in wild-type mice, but not in TN-R-/- mice. These differences between genotypes appeared
between second and third weeks of postnatal development. The increased threshold for induction
of LTP correlated with an increased level of excitatory transmission and an elevated number of
perforated asymmetric axospinous synapses in the stratum radiatum of TN-R-/- mice. Since
excitatory transmission and perisomatic GABAergic inhibition are abnormal in TN-R-/- mice, we
further examined whether a rescue of these processes could lead to a recovery of LTP. Lowering
levels of excitatory transmission by induction of LTD did not increase LTP in TN-R mutants.
However, pre-treatment of hippocampal slices with GABAA receptor agonists, muscimol and
zolpidem, recovered LTP in TN-R-/- mice. Furthermore, injection of TN-R-/- mice with
muscimol completely restored both LTP and levels of excitatory synaptic transmission. These
observations provide the first evidence that reduced levels of inhibition in TN-R-/- mice cause

elevation of excitatory transmission and adaptive changes in LTP.
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Interactions of retinal ganglion cell axonswith oriented electrospun fibres
invitro

Johanna Kern', Thomas K uenzel®, Paul D. Dalton?, Harald L uksch* and Jérg Mey*

1 Ingtitut fur Biologie II, RWTH Aachen, Kopernikusstr. 16, 52074 Aachen, Germany
2 Deutsches Wollforschungsinstitut, Veltmanplatz 8, 52062 Aachen, Germany
e-mail: mey@bio2.rwth-aachen.de

The most successful strategy for the surgical repair of nerve lesions consists in transplantation
of autologous peripheral nerves. However, this approach reaches its limits with the availabil-
ity of tissue after larger lesions and causes sensory deficits at the donor site. Since xenografts
entail other disadvantages, including the need for immunosuppression, our long term goal isa
completely artificial nerve bridge to induce and guide axonal regeneration in vivo. A promis-
ing tool for this are electrospun polyester fibers, which are biodegradable, have a high surface
area to mass ratio and can be used as delivery devices for specific growth promoting peptides.
Current electrospinning collection techniques typically result in random mats of material,
while for neural tissue engineering, orientated fibers are needed as guidance scaffolds.

In the present study, we produced 1 — 10 um thin, oriented fibers made of poly-e-caprolactone
(PCL). After electrospinning they were deposited on glass cover dlips, which were then sput-
ter-coated with gold and additional bioactive peptides. The peptides IKVAV and RGD, repre-
senting integrin-activating epitopes from the extracellular matrix were tested as well as
poly(L)lysine and other substrates. Fibre splitting was controlled by voltage, with 15 kV pro-
ducing single fibres with lengths of 8 cm and diameters of 1.26+0.19 pum, and 30 kV resulted
in web-like structures due to extreme fibre splitting. The ability of different mechanical and
biochemical properties to guide axonal growth was investigated with two cell culture systems:
(1) telencephalic neurons, isolated from E6/7 chick embryos cultured for 8 days in serum-free
media, and (2) organ explants of chick E10 retinas which were cultivated for 48 hrs. In both
cases axonal growth was elicited and the behavior of neurites in contact with PCL fibers was
monitored. As would be expected on gold surfaces, cell adhesion was poor; however cultures
were successfully established with polylysine, IKVAV, RGD or combinations of these sub-
strates. Neurites that extended from telencephalic neurons or retinal ganglion cells were influ-
enced by the shape of the electrospun fibres and were guided along their lengths for some
distances. While we did not observe a significant effect of fiber diameter, their biochemical
properties exerted an orienting impulse on growing neurites. With retina explants, uncoated
PCL fibers on polylysine only rarely deflected axona growth (in 8.7% of encounters), while
IKVAV coating caused an oriented growth of axons in 65% of the cases when neurites
touched electrospun fibers. To develop suitable scaffolds for axonal guidance in vivo, differ-
ent chemical compositions of fibers combined with different substrates are now being tested.
Supported by the Helmholtz Gesellschaft (Virtuelles Institut Bioel ektrische Hybridschalt-
kreise) and the Alexander von Humboldt Stiftung (grant to P.D.).
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Identification and classification of a novel gene family in humans and other

vetebrates homologous to PRG-1

Anja U. Brauer , Robert Nitsch & Nicolai E. Savaskan

YInstitute of Cell Biology & Neurobiology, Center for Anatomy, Charité University Medical
School Berlin, Germany,

’Division of Cellular Biochemistry, Netherlands Cancer Institute,1066 CX Amsterdam, The
Netherlands

Axon outgrowth in the central nervous system is governed by specific molecular cues.
Molecules detected so far act as ligands that bind to specific receptors. We have recently
uncovered a novel molecule, PRG-1, which facilitates axon growth during development and
regenerative sprouting. Here, we report on the identification and cloning of other members of
this hitherto unknown family of putative integral membrane proteins we named plasticity-
related genes (PRGs) from several vertebrate species including human, mouse and rat. The six
vertebrate genes identified seem to belong to an unknown gene family. Phylogenetic analysis
indicates these mMRNAs comprise two distinct groups within this gene family. Structural
analysis of the translated cDNAs indicate these genes encode membrane proteins with six
transmembrane domains. The messenger RNAs of rodent PRGs varied from 2.5 kb to 5.2 kb
and showed distinct distributions in neuronal and reproductive tissues. Immunocytochemical
analysis further revealed that at least three members of the PRG family are expressed in
neurons. Expression of these genes in neurons further induce spontaneous axonal outgrowth
and filopodia formation. These results suggest this is a new family of neuron-specific
membrane proteins involved in axonal growth and regenerative sprouting.

Our Group is sponsored by the German Research Council(SFB 515/A5)
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The regulation of the extracellular matrix molecule neurocan in the rat
hippocampus is activity-dependent

Schwarzacher SW*, Vuksic M*?, Haas CA®, Burbach GJ*, Sloviter RS* and
Deller T*

"Institute of Clinical Neuroanatomy, University of Frankfurt, Germany, “Croatian
Institute for Brain Research, University of Zagreb, Croatia, ®Institute for
Anatomy and Cell Biology, Freiburg, Germany, ‘Department of Pharmacology
Tucson, Arizona. E-mail: Schwarzacher@em.uni-frankfurt.de

A candidate molecule that could be involved in the regulation of physiological
and pathological neuronal activity is the chondroitin sulphate proteoglycan
neurocan. Like several other extracellular matrix molecules it is involved in
important cell functions such as proliferation, migration, morphological
differentiation and synaptic plasticity. In order to test whether neuronal activity
can regulate neurocan expression in the adult brain, we have used a well
established animal model of hippocampal excitotoxicity (Sloviter RS, 1987,
Science 235:73-76). In this model, 24h high frequency stimulation of the
perforant path, the main afferent input to the hippocampus, was performed in
adult rats. In situ hybridization revealed upregulation of neurocan mRNA in
astrocytes within the ipsi- and contralateral hippocampus 0-1 days after 24 hours
of high frequency stimulation. mRNA upregulation was confirmed by laser-
microdissection of selected hippocampal regions and subsequent quantitative RT-
PCR. Neurocan-immunoreactivity exhibited a more defined localization to the
dentate gyrus with strongest immunostaining in the hilar area and ipsilateral outer
molecular layer. The expression of neurocan was dependent on the intensity and
duration of perforant path stimulation. Under conditions of low frequency paired
pulse stimulation, neurocan mMRNA upregulation and immunoreactivity was
restricted to the ipsilateral outer molecular layer, i.e. the termination site of the
stimulated afferent fibers. Our results demonstrate that neurocan is strongly
expressed in the dentate gyrus of adult rats following high frequency stimulation
of the perforant path as well as under conditions of forced afferent stimulation.
This suggests an activity-dependent regulation of neurocan in the adult nervous
system. (Supported by DFG)
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Brevican-Containing Perineuronal Nets of Extracellular Matrix Develop in Dissociated
Hippocampal Primary Cultures
Nora John, Karl-Heinz Smalla, Michael R. Kreutz, Eckart D. Gundelfinger and Constanze I.
Seidenbecher

Department for Neurochemistry/Molecular Biology, Leibniz Institute for Neurobiology
Magdeburg, Germany

Brevican is one of the most prominent constituents of mature rodent brain
extracellular matrix (ECM), which is strongly up-regulated during postnatal development. The
C-terminal lectin domain of brevican has been shown to interact specifically with the
extracellular glycoprotein tenascin R and with sulfated glycolipids at the cell surface. The
central region contains matrix metalloprotease cleavage sites. Specific proteolytic cleavage
leads to the separation of the N-terminal HA-binding region from the C-terminal cell surface-
and protein-interacting part of the molecule and may have implications for the integrity and
biophysical features of brain ECM.
Brevican was shown to be a structural constituent of perineuronal nets (PNN), a
specialization of the ECM in the mature brain, which surrounds and insulates synaptic
contact sites. PNN in brains of brevican-deficient mice display a less structured and more
diffuse appearance. Brevican staining is generally widely distributed in the rodent brain but
shows perisynaptic deposits of immunoreactivity at the ultrastructural level. Several
independent approaches revealed brevican to be a true constituent of subcellular
postsynaptic density protein fractions and electrophysiological studies on brevican knock-out
mice revealed a phenotype of clearly reduced synaptic plasticity. The mode of synaptic
action of extracellular proteoglycans, however, is still enigmatic. Furthermore, it is not
completely understood, how single components are integrated into these networks, how PNN
are anchored at neuronal surfaces and how these relatively stable structures relate to plastic
brain properties.
During the last decade much insight into molecular components affecting synaptogenesis,
synaptic structure and function was obtained employing the model of cultured hippocampal
primary neurons. Brevican is detected in these cultures decorating the surface of neurons,
and the immunoreactivity is diminished after hyaluronidase or chondroitinase ABC treatment,
indicating that these carbohydrates play a role in the binding of brevican to neuronal
surfaces. Proteoglycan-containing PNN structures, thus far thought to be a hallmark of intact
mature neural tissue, can be formed in dissociated neural cultures. In mixed neuron-glia co-
cultures astroglia turned out to be the cellular source of brevican, which is made under in
vitro conditions after approx. one week in culture. The brevican-containing PNN are not
restricted to GABAergic neurons and have intimate contact with both excitatory and inhibitory

synapses.
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Distribution and functions of extracellular matrix protein
matrilin-2 in the nervous system of mice

D. Malin', A. Dityatev'?, G. Dityateva’, A. Aszédi°, R.

Wagener”® and D. Riethmacher'

Centre for Molecular Neurobiology and Institute for Neurophysiology and
Pathophysio/ogyz, University of Hamburg, D-20246 Hamburg,
Department for Molecular Medicine, Max Planck Institute for Biochemistry,
D-82152 Martinsried®
Center for Biochemistry, Medical Faculty, University of Cologne,
D-50931 Cologne*

Matrilins are putative adaptor proteins of the extracellular matrix,
which can form collagen-dependent and collagen-independent
filamentous networks. Matrilin-2 is expressed in a variety of tissues,
including the peripheral nervous system. Here we provide first
evidence that matrilin-2 is expressed by premyelinating Schwann
cells in developing peripheral nerves and also by the immortalized
S16 Schwann cell line. Additionally, we show - by in situ hybridisation
and immunohistochemical analysis - expression of matrilin-2 in
several regions of the mouse brain such as the hippocampus and
olfactory bulb. Expression pattern of matrilin-2 suggests potential
roles of this protein, as an ECM component, in these regions. To
investigate functions of matrilin-2 in the nervous system, we used
several in vitro approaches. We found that purified matrilin-2
promotes migration of Schwann cells and fibroblasts from dorsal root
ganglia (DRG) explants and increases neurite outgrowth of DRG
sensory neurons. Furthermore, axonal length and the number of
migrating cells are decreased in DRG cultures prepared from matrilin-
2 deficient mice compared to cultures from wild-type mice. Matrilin-2
also strongly stimulates migration of S16 Schwann cells, as well as
adhesion of these cells, as revealed by agarose drop migration
assay. Matrilin-2 also promotes neurite outgrowth of cultured
hippocampal neurons. Interestingly, when matrilin-2 and laminin were
coated together as a substrate, we observed a higher number of
neurites compared to laminin alone, suggesting that matrilin-2 and
laminin can act synergistically. In summary, our findings suggest that
matrilin-2 may influence different processes in both the developing
peripheral and central nervous system.
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Efference Copies and Corollary Discharge Mechanisms
in Sensory and Mental Processing

B. Hedwig, JFA Poulet, Cambridge(UK)

A fundamental challenge for all nervous systems is the differentiation between self-generated
and external sensory inputs, e.g. how do animals distinguish between movements of objects in
their visual field, as compared to retinal stimulation imposed by movements of their eyes. In
1950 two similar neurobiological concepts were developed that dealt with this question:
Sperry proposed that a corollary discharge of motor patterns into sensory systems might play
an important role to adjust sensory perception. At the same time v. Holst and Mittelstaedt
more specifically proposed that during voluntary movements the central nervous system
generates a copy of its motor commands (efference copy) that cancels any self-generated
sensory feedback (reafference). Since the self-generated afference is cancelled any externally
caused afference is available for central processing. In more general terms these concepts may

be regarded as feed-forward mechanisms in sensory processing.

Since the formulation of these concepts advances in neurobiological recording techniques
have allowed considerable progress in analysing the neuronal pathways and mechanisms
underlying sensory information processing at the systems and cellular level. Our symposium
aims to present the best-analysed model systems, in which the neuronal pathways of corollary
discharge mechanisms/efference copies have been identified. The symposium brings together
invertebrate models (auditory processing in crickets) as well as vertebrate models (locomotion
in tadpoles and communication in electric fish). It finally deals with work on primate eye
movements and the possible role of corollary discharge mechanisms in human mental
processing. The comparison of different animals and sensory systems will emphasize the

fundamental importance of these concepts for sensory processing.

#S8



Gottingen NWG Conference 2005

A corollary discharge modulates auditory processing in crickets
J.F.A. Poulet and B. Hedwig
Department of Zoology, University of Cambridge, UK

How do animals discriminate between self-generated and environmental sensory
stimuli, and, how do they prevent desensitisation of their own sensory pathway during
behaviour? To solve these fundamental problems of sensory processing it has been
proposed that responses to self-generated stimuli could be reduced or cancelled out
from the responses to environmental stimuli (Grusser, 1986). Singing crickets
generate very intense sensory information. During sound production, the terminals of
auditory afferents receive presynaptic inhibition and auditory interneurons are
inhibited postsynaptically. The inhibition is independent from the strength of auditory
feedback and persists in an isolated, fictively singing cricket nervous system. It is
therefore the result of a corollary discharge, a feed forward signal from the singing
motor network, rather than a sensory feedback. The corollary discharge is mediated
by an intersegmental interneuron, with its soma in the mesothoracic ganglion - the
Corollary Discharge neuron. In this way, singing crickets reduce auditory responses
to self-generated songs and are able to hear rival males and predators in the
environment. Griisser, O.-J., (1986) Acta Psychologica 63, 3-21. Supported by the BBSRC.
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Efference copies in the nervous system of hatchling frog tadpoles during locomotion
Alan Roberts, Wen-Chang Li and Steve R Soffe, School of Biological Sciences,

University of Bristol, Bristol, BS8 1UG, UK

Most animals have withdrawal responses to touch stimulation when they are at rest that would
be inappropriate once they start to move themselves. There are therefore a range of inhibitory
mechanisms to gate sensory pathways during locomotion. The inhibition produced can be
thought of as an efference copy since it has a time-course which represents the time course of
the motor action. One of the best known examples is Primary Afferent Depolarization (PAD)
seen in the terminals of tactile sensory neurons in animals as different as the crayfish and the
cat. The neurons producing this inhibition during escape swimming were first found in the
crayfish (1). We have examined the inhibition that coordinates the responses of frog tadpoles to
touch.

In immobilized frog tadpoles inhibition gates spinal cord skin touch sensory pathways
during fictive swimming. The phasic inhibition of spinal sensory interneurons during the first half
of each swimming cycle gates reflex responses to skin stimulation (2) and in this way
coordinates responses during swimming. Using a new preparation of the hatchling Xenopus
tadpole where neuron cell bodies can be seen using a water immersion lens on an upright
microscope, we made whole-cell patch clamp recordings from pairs of spinal neurons. We found
neurons that were active during swimming and produced glycinergic gating inhibition of sensory
interneurons (3). Neurobiotin filling showed that these efference copy neurons had an ascending
axon which branched reliably to form a second descending axon. These axons were located in a
wide range of positions, some dorsal to contact sensory interneurons but others more ventral
where they could contact motoneurons. By recording from further pairs of neurons we showed
that the same interneurons also produced phasic inhibition of neurons that were rhythmically
active during swimming and therefore components of the central pattern generating circuit (4).
Neurons with remarkably similar anatomy and function are present in zebrafish larvae where
they express the transcription factor engrailed (5) that also defines some spinal interneurons in
the mouse spinal cord.

Our observations suggest that efference copy neurons are a fundamental, feature of the
vertebrate nervous system from the earliest stages of their functional development. What is
surprising is that recurrent inhibition within each side of the spinal cord is produced by a single
class of interneuron that inhibits both sensory pathways and the motor circuits.

(1) Kirk MD, Wine JJ (1984) Science 225: 854-856

(2) Sillar KT, Roberts A (1988) Nature 331, 262-5.

(3) Li WC, Soffe SR, Roberts A (2002) J Neurosci 22, 10924-34.
(4) Li WC, et al., (2004) J Neurosci 24, 5840-8.

(5) Higashijima S, et al., (2004) J Neurosci 24, 5827-39
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Plastic And Non-Plastic Corollary Discharge EffectsIn An Electric Fish.
Curtis C. Bell, Neurological Sciences Institute, Oregon Health and Sciences University.

Corollary discharge effects are a prominent feature of the electrosensory system of
mormyrid electric fish. The effects are associated with the motor command that elicits the electric
organ discharge (EOD) of the fish. These electric organ corollary discharge (EOCD) effects
prepare the electrosensory system for the reafferent input from electroreceptors that is evoked by
the EOD. EOCD effects are present at all levels of the electrosensory system but have been
studied most intensively in the electrosensory lobe, the very first central stage in the processing
of afferent input from electroreceptors.

The EOCD input to the electrosensory lobe serves the functions of. gating, latency
measurement, and removal of predictable features from the sensory input. The gating and latency
measurement functions are relatively invariant and non-plastic, whereas the removal of
predictable features relies on a plastic, memory-like process. With regard to gating, the EOCD
enhances the self-induced, EOD-evoked, reafferent input from the electroreceptors involved in
measuring nearby conductances (active electrolocation), but blocks such input from the
electroreceptors involved in detecting other electric fish (electrocommunication). In latency
measurement, a precisely timed EOCD signal is used to decode latency as a measure of stimulus
intensity in the reafferent input from electroreceptors involved in active electrolocation. In
removal of predictable features from the sensory input, the EOCD elicits a memory-like
negative image of the sensory input that has followed the EOD in the recent past. Addition of
this negative image to the actual input, removes the predictable components of the response.
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Corollary Discharge of Eye Movements in Primates

Marc A. Sommer
Department of Neuroscience and the Center for the Neural Basis of Cognition, University
of Pittsburgh, Pittsburgh, Pennsylvania 15213, USA

How do we see objectsin the world and decide where to look next? Neurophysiologists
have progressed along way toward answering this question through careful analysis of
the visuomotor transformations occurring from retina to brain to muscle. Y et anatomical
studiesindicate that thisisonly half of the story. Running against the normal flow of
visuomotor transformation are myriad ascending pathways from subcortical regions up to
cortex. The functions of most of these feedback paths remain a mystery. One
compelling hypothesisis that many of them convey corollary discharge signals, i.e.
copies of outbound movement commands. Instead of causing a movement such asa
saccade, a corollary discharge would inform the rest of the brain about the upcoming
movement. Primates are thought to use corollary discharge of saccades for two main
purposes, to execute quick patterns of complex movements and to ignore the sudden
shifts of the visual field caused by quick ocular rotations.

In collaboration with Robert Wurtz, | examined one likely conduit of corollary
discharge in the primate brain, a pathway that ascends from a brainstem region, the
superior colliculus (SC), to a cortical area called the frontal eye field (FEF). This
pathway is relayed via the mediodorsal thalamus (MD; see Figure). Our first goal wasto

Figure: Lateral view of the rhesus monkey brain
(anterior to left). The ascending pathway that we
studied isindicated: blue circles represent neurons and
thick black lines depict projections. Subcortical
structures are drawn with dashed lines.

characterize the signals carried by neurons along the pathway in behaving rhesus
monkeys. A magjor technical barrier was that we could not simply record from any
neuron encountered in the SC, MD, or FEF; neurons in these areas may belong to many
different circuits, yet we were interested only in those neurons belonging to our pathway.
Thus we recorded only from neurons identified as part of the pathway according to the
results of anti- and/or orthodromic stimulation. We found that the magjor signal carried
from SC up to the FEF was a sudden burst of neuronal activity preceding specific vectors
of saccades. Viathis pathway, therefore, the brainstem gives the cerebral cortex advanced
warning about where an eye movement will go and when it will begin —clearly a
promising candidate for a corollary discharge. To test this possibility we then inactivated
the pathway by injecting muscimol amongst the MD relay neurons. This had no effect on
the ability to make saccades but impaired the ability to internally monitor them,
supporting the corollary discharge hypothesis. Most recently we have been silencing the
pathway to assess how this influences the activity of FEF neurons. In sum, to our
knowledge these results represent the most explicit description yet of a corollary
discharge pathway in the primate brain. Supported by the National Eye Institute.
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Evidence of Corollary Dysfunction in the Auditory System of Patients with Schizophrenia
DH Mathalon
Yale University

Failure of corollary discharge, a mechanism for distinguishing self-generated from externally-
generated percepts, has been posited to underlie certain positive symptoms of schizophrenia,
including auditory hallucinations. Although originally described in the visual system, corollary
discharge may exist in the auditory system, whereby signals from motor speech commands
prepare auditory cortex for self-generated speech. While associated with sensorimotor systems, it
might also apply to inner speech or thought, regarded as our most complex motor act. The goals
of our studies are 1) to demonstrate the corollary discharge phenomenon during talking and inner
speech in human volunteers using event-related brain potentials (ERPS); 2) to demonstrate that
the corollary discharge is abnormal in patients with schizophrenia using ERPs; 3) to identify the
specific regions of lateral and medial frontal and temporal lobes that are communicating during
talking using fMRI; and 5) to relate the dysfunction of the corollary discharge in schizophrenia
to auditory hallucinations. Using EEG, ERP and fMRI measures, we addressed each goal in
patients with schizophrenia and healthy control subjects. The N1 component of the ERP reflects
dampening of auditory cortex responsivity during talking and inner speech in control subjects but
not in patients. EEG measures of coherence indicated inter-dependence of activity in the frontal
speech production and temporal speech reception areas during talking in control subjects, but not
in patients, especially those who hallucinated. FMRI data showed that in healthy controls,
activity in superior temporal gyrus was more negatively correlated with activity in Broca’s area
during talking than during listening. This was not observed in patients. These data suggest that a
corollary discharge from frontal areas where thoughts are generated fails to alert auditory cortex
that they are self-generated, perhaps leading to the misattribution of inner speech to external
sources and producing the experience of auditory hallucinations.
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Analysis of Interneurones in the ELL of Gnathonemus peterii using
Neuropharmacology, Immunohistochemistry and Modelling

Engelmann JV, Sugawara Y?, van den Burg E¥, Bacelo J and K». Grant®

Dunité de Neurosciences Intégratives et Computationnelles, C.N.R.S., 1. Avenue de la Terrasse, 91198 GIF
SUR YVETTE, France
IDpept. of Physiol., Teikyo University, Kaga 2-11-1, Itabashi-ku, TOKYO, Japan

The electrosensory lobe (ELL) of Ghathonemus petersii, a mormyrid electric fish,
is a cerebellum-like sensory structure that removes predictable features of
electrosensory input following anti-Hebbian rules. Plasticity is mediated by
associative depression at synapses between parallel fibres and Purkinje-like
interneurons (MG-cells) and requires NMDA receptor activation, changes in
postsynaptic calcium and especially the occurrence of a backpropagating
postsynaptic dendritic broad spike within a few milliseconds following EPSP onset.

Here we present theoretical and experimental work which reveal (1) where in
the cell the broad spike is initiated, (2) the distribution of voltage gated sodium
(VGS) channels underlying the backpropagation, (3) the role of K-currents in its
propagation and (4) the distribution of Kv3.3 potassium channels.

In vitro sharp and perforated patch
recordings, while locally applying TTX, and a
conductance-based model of MG-cells all
indicate that broad spikes are actively
generated in the proximal segments of the
apical dendrites, whereas spikelets are initiated
in the axon hillock and invade the soma
incompletely. While dendritic recordings of MG-
cells currently are not feasible, the distribution
of VGS channels (see figure) supports previous
data that speculated on an active back-
propagation of the broad spikes over the total
apical dendritic arbour. In contrast to the ELL of
Apteronotus, where a Kv3.3 channel was
shown to be involved in switching the firing
mode of ELL cells from tonic to bursting, the
ELL of Gnathonemus shows only weak Kv3.3
expression. Further electrophysiological data
indicate that a variety of 4AP and TEA-sensitive
K-channels are expressed in the ELL of
Gnathonemus, but that their expression is
predominantly restricted to efferent cells for
which backpropagation has not been described
yet. We conclude that the apparent low density
of K-channels in dendrites of MG cells accounts
for the long duration of broad spikes, which
allows a strong interaction between the synaptically evoked EPSP and the
actively backpropagating signal. This may be at the basis of plasticity of MG cells
to electrosensory stimuli, which underlies updating of the electrosensory system.

Supported by Marie-Curie Fellowship (QLK6-CT-2002-5172) and the Japanese PICS
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Presynaptic inhibition of cricket auditory afferent neurons.
J.F.A. Poulet
Department of Zoology, University of Cambridge, UK.

The first stage of sensory information processing in the CNS is at the afferent to
interneuron or motor neuron synapse. A common strategy to control the inflow of
sensory information is presynaptic inhibition of the afferent axon terminals, mediated
by primary afferent depolarisations (PADs). In this study, | made intracellular
recordings close to auditory afferent terminals in the prothoracic ganglion of the
cricket. | found that: (1) At sound levels below spiking threshold, PADs were evoked
to acoustic stimuli both at the neuron’s best and non-best frequency. This could
indicate a gain control function to prevent saturation; or lateral inhibitory effects to
enhance frequency selectivity. (2) PADs were present after removing either the ipsi-
or contra-lateral ear and therefore might play a role in directional hearing. (3) The
amplitude of the PADs depended on the temporal structure of the acoustic stimulus.
Short duration stimuli elicited smaller PADs than longer duration stimuli. (4)
Acoustically evoked spikes that coincided with PADs were reduced in amplitude,
which strongly suggests an inhibitory function for the PADs. Presynaptic inhibition of
the afferent axon therefore may fine tune and contribute to acoustic processing in the
auditory pathway. Supported by the BBSRC.
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Introductory Remarks to Symposium 9
Real time processing vs. variability of neural responses
RM. Hennigand B. Ronacher, Berlin

Sensory systems of animals perform under two ubiquitous and serious constraints: (i) the
necessity to respond quickly to single events and (ii) the variability of neural responses due to
the stochastic nature of the neuronal integration processes. In order to achieve high precision
in real-time, nervous systems had to evolve mechanisms to extract information about relevant
object properties despite a rather high variability of neural responses observed in many
examples. Besides parallel processing, there are two basic strategies to reduce variability.
First, to integrate over time and second, to average across several processing elements. The
first strategy is constrained by its possible interference with temporal resolution. The benefits
of averaging across neurons, on the other hand, depend on uncorrelated responses, a factor

that may be crucial for the performance and evolution of nervous systems.

In this symposium insights from different sensory modalities (acoustic, visual, electrosensory)
as well as theoretical approaches will be presented. In doing so we will compare large
(vertebrate) and small (insect) nervous systems as in the latter, due to size limitations, we
expect to find solutions for specific tasks that are stripped to the computational basics. Special
emphasis is given to model systems in which both the neuronal variability as well as the
system.s output were determined, i.e. systems in which real-time processing capacity can be

directly compared to behavioural precision.
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Reliability of neuronal coding in the electrosensory system of weakly electric fish

Rudiger Krahe
Department of Biology, McGill University
Montreal, Quebec H3A 1B1, Canada

Most biologically relevant stimuli are not static. Behavioral responses are usually elicited by stimulus transients, such as they
occur in communication signals or when environmental conditions change. In order to understand the reliability of sensory
processing under natural conditions, we therefore need to investigate neuronal coding with realistic, time-varying stimuli. We
studied the reliability of neuronal information transmission at the first two stages of electrosensory processing in South American
weakly electric fish.

Weakly electric fish sense perturbations of their self-generated electric field and use this information for orienting in their
habitat. The perturbations can be of two major origins. 1) They can be caused by nearby objects, such as prey, with electric
impedance different from the surrounding water. These perturbations typically are local, they only affect a limited area of the fish
skin. 2) Perturbations can also be caused by overlapping of the fish's own field with the field of a nearby conspecific resulting in
“global” changes, i.e. changes that affect most of the surface of the fish. Electroreceptors distributed over the entire skin monitor
global and local changes in the electric field. P-type primary afferents relay the information on changes in stimulus amplitude to
the electrosensory lateral line lobe (ELL) of the hindbrain where topographically arranged pyramidal cells perform spatial and
temporal filtering on the primary afferent input. Whereas the primary afferents encode local amplitude changes in their
instantaneous firing rate, the responses of pyramidal cells are more complex. They are determined by their receptive field
properties, by feedback from higher centers of processing, and by their intrinsic burst properties (Bastian et al. 2002; Krahe and
Gabbiani 2004).

We used several measures to quantify the variability of P-receptor afferent spike trains in response to repeated time-varying
stimuli (Kreiman et al. 2000). The mean spike count and its variance measured in short time windows turned out to be poorly
correlated with the trial-to-trial variability of P-receptor afferent spike trains. We then quantified spike timing jitter using the
notion of spike train distances and found that the trial-to-trial jitter in spike timing is on the order of a few milliseconds. When we
artificially introduced spike timing jitter in recorded spike trains, information transmission as quantified by stimulus estimation
techniques was only degraded for amounts of jitter significantly larger than the ones observed experimentally. This suggests that
the intrinsic variability of the primary afferents lies outside of the range where it might compromise information transmission.
Yet, it may still allow for improvement in stimulus encoding by averaging across multiple afferent fibers.

At the level of the ELL, many P-receptor afferents converge onto any given pyramidal cell. However, when the encoding of
spatially global, randomly time-varying stimuli is quantified using stimulus estimation, pyramidal cells perform significantly
worse than primary afferents (Gabbiani et al. 1996). Even when stimuli are estimated from pairs of simultaneously recorded
pyramidal cell spike trains, coding fractions are still lower than for single P-receptor afferents (Krahe et al. 2002). It appears that
most pyramidal cells of the ELL do not encode the detailed stimulus time course. Instead, they appear to indicate the occurrence
of behaviorally relevant stimulus features by firing brief bursts of spikes. In an analysis of feature extraction, spike bursts of
pyramidal cells performed significantly better than isolated spikes at detecting upstrokes and downstrokes in stimulus amplitude.
And spike bursts of single pyramidal cells were again outperformed by spikes fired by two simultaneously recorded pyramidal
cells within a time window of a few milliseconds. Thus, our results suggest that the reliable encoding of the stimulus time course
by primary afferents is transformed into extraction of behaviorally relevant stimulus features at the level of the hindbrain. Spike
bursts appear to play a central role in this process. Beyond the level of individual pyramidal cells, feature extraction can be further
improved by evaluation of stimulus-induced coincident activity of pyramidal cells.

Recent evidence suggests that the response properties of pyramidal cells are dynamically regulated by the spatial extent of
stimulation and by feedback from higher electrosensory processing centers in the brain (Chacron et al. 2003; Doiron et al. 2003).
Feedback also appears to be shaped by the spatial characteristics of electrosensory stimuli, that is it affects pyramidal cell
responses differently depending on whether modulations of stimulus amplitude occur on a small spatial scale (as caused by prey-
like objects) or whether they occur on a global scale (as caused by the electric field of a nearby conspecific or when a fish
approaches a non-conducting boundary like the water surface).

Thus, weakly electric fish are a promising model system in which to study the processing of naturalistic, time-varying stimuli
and its control by feedback, which dynamically adjusts lower-level processing to the current behavioral conditions.

Funded by NSF.
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In search of online learning mechanisms for birdsong

Richard Hahnloser

Institute for Neuroinformatics UNIZH / ETHZ
Winterthurerstrasse 190

8057 Zurich

Switzerland

Birdsong is a learned behavior depending on auditory feedback. There exist a
group of brain areas in the avian anterior forebrain that are homologous to
the basal ganglia in mammals and that are specifically involved in song
learning. Bilateral lesions in these areas produce a profound impairment of
song learning in juveniles but have little effect on vocal production in
adults.

The songs of many birds such as the zebra and the bengalese finch are very
complex and evolve on a timescale of just a few milliseconds. The desire to
understand the neural mechanisms of song learning in a singing finch creates
the need for technology capable of providing song-triggered feedback on the
timescale of just a few milliseconds. We have developed a song recognition
program able to detect specific notes of a song in real time. The underlying
support vector machine needs to be trained on just 1-2 song bouts.

Using our real-time song recognizer we can provide distorted auditory feedback
or electrically stimulate the brain of a singing bird at a particular note of
choice whilst recording from neurons in the anterior forebrain pathway. We
test whether the neural activity signals a mismatch between the distorted
auditory feedback and the stored song template, a critical computation during
the sensory-motor phase of song learning that is believed to be performed in
anterior forebrain areas.
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Acoustic pattern recognition in insects: real time processing vs. variability

of neural responses
Astrid Vogel, Bernhard Ronacher, R. Matthias Hennig
Institute of Biology, Humboldt-University Berlin, e-mail: vogel.astrid@web.de,

Acoustic signals are characterized by their carrier frequency spectra and their pattern of
amplitude modulations (AM), their envelope. Signal recognition is known to depend in
many cases on envelope cues, and hearing systems are highly specialized to detect and
resolve fast changes in sound amplitudes. Hearing systems, however, have to cope with
the inherent variability of spike trains, which results from stochastic processes during
signal transduction, during spike generation, and synaptic transmission. The intrinsic
variability of spike responses is a general problem for neural information processing, but
is especially serious if sensory systems deal with changes on fast time scales, as is the
case in the acoustic domain.

The impact of variability can be relieved by averaging across several processing
elements, or by temporal integration. The first strategy, averaging across units, depends
on the number of available elements and on possible correlations between the
responses of these elements. Temporal integration, on the other hand, has to comply
with two constraints: (i) to preserve temporal resolution to a sufficient degree, and (ii) not
to interfere with the need for fast decisions.

We investigated the consequences of neural variability on temporal resolution and
explored the size of temporal integration windows in the auditory pathway of orthopteran
insects (crickets and grasshoppers). For mate finding these animals use acoustic
signals, in which specific information is conveyed by a characteristic AM pattern. The
relevant AM frequencies may amount to several 100 Hz, and small changes in a pattern
may already destroy the effectiveness of a signal. In a grasshopper species, the
receivers (males) are able to extract the relevant information already from a single
presentation of a shortened signal segment as short as ~200 ms (Ronacher & Krahe
1998; J Comp Physiol A 183: 729). Similarly, there are indications that the evaluation
time windows of females of two cricket species are in a similar range (Hennig 2003, J
Comp Physiol A 189: 589).

With these constraints in mind, we investigated the responses of auditory neurons at the
first three stages of processing (sensory, local and ascending neurons) in the auditory
pathway of locusts. By simultaneous intracellular recordings response variabilities and
correlated spiking activities were quantified. Response variability increased from sensory
to local neurons, and was highest at the level of ascending neurons. The relatively high
response variability of ascending neurons seemed to be caused by filter processes in
which inhibitions played an important role. Spike time correlations mainly occurred
between elements of successive processing levels. Higher correlations values between
elements within the same level were only observed among ascending neurons, but not
for sensory and local neurons. Hence, at the level of local neurons reliability could be
enhanced by averaging across several sensory cells, while for ascending neurons the
higher average correlations as well as the smaller number of similarly reacting elements
probably prevent such a strategy by higher order neurons. While sensory neurons show
a pronounced locking of spikes to the signal’s envelope, several ascending neurons
revealed a reduction of phase locking and seemed to extract characteristic features of
the signal. This specialization was often reflected in a strong dependency of the mean
spike rate on the stimulus” modulation frequency. These results suggest that a
transformation of encoding occurs between sensory cells and ascending interneurons.
Consequently, neural responses of ascending neurons might be less susceptible to
inherent stochastic variability.
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Getting on the track of noise: Constraints on the reliable computation of visual

motion information by fly motion sensitive neurons

Anne-Kathrin Warzecha,

Lehrstuhl fiir Neurobiologie, Universitét Bielefeld, Postfach 100131, 33501 Bielefeld

When flying around flies experience retinal luminance changes with spatial and temporal
characteristics that are determined by the flies” movements as well as by the spatial layout of
their environment. Neuronal circuits evaluating the motion information obtained during flight
manoeuvres are thought to play an important role in visually guided behaviour. In the focus of
my talk will be the neuronal mechanisms that underlie visual motion computation and that
constrain the reliability and precision by which the information is extracted. | use the fly as a
model system of visual motion computation because here it is possible to investigate
individually identifiable neurons and small neuronal networks in vivo using a broad range of
methods that otherwise can only be applied to much reduced preparations. The following

topics concerning the reliability of the computations taking place in the flies’ visual motion

and Institut fir Psychologie 11, Westfélische Wilhelms-Universitat Minster,
Fliednerstr.21, 48149 Miinster
e-mail: warzecha@psy.uni-muenster.de

pathway will be discussed in the talk.

To what extent does photon noise limit the reliability of the fly visual motion
pathway?

How does environmental noise as may occur when leaves wiggle in the wind
influence the reliability with which motion information is represented?

How does the variability of synaptic transmission influence the reliability of fly
motion sensitive neurons?

What is the impact on neuronal reliability of the nonlinear integration of local
motion information by the large motion-sensitive neurons?

How do the dynamical properties of the stimuli influence the precision with which
motion information is represented?

How do variable neuronal responses relate to the behavioural output?

Supported by Deutsche Forschungsgemeinschaft
and VolkswagenStiftung
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Human brain dynamics leading to fast responses

Arnaud Delorme

Swartz Center for Computational Neuroscience, INC, University of San Diego
California, CA9209-0961, La Jolla, USA; arno@ucsd.edu

Sudden responses to world events are often crucial for survival, so understanding the neural
origins of fast behavioral responses from a neuroscientific perspective may be key to
understanding the global organization and dynamics of neural systems. Despite the large
number of studies on reaction times, few have addressed the correlation between behavioral
responses and brain activity preceding responses in specific brain regions. Hemodynamic
studies cannot address this issue because of the poor time resolution of BOLD signal
changes and for the first time, we attempt to tackle specifically this problem using ERP/EEG
analysis. In target trials of a spatial attention task in which 15 subjects, recorded using a 32-
channel EEG montage, responded to infrequent stimuli presentation at a cued location.
Subjects responded faster when activity at a far frontal right periocular electrode was larger
in a 3-cycle 4.5-Hz (theta) window centered 100 ms before button press (figure 1). Both
across and within subjects reaction times were negatively correlated with theta power in this
time window. Detailed analysis indicates that this effect is uniformly distributed across all
data trial as the distribution of power values shift with reaction time (figure 1B). Independent
component analysis identified a cluster of far frontal processes (previously termed P3f or
P2a), common to most subjects, whose behavior was similar to the right periocular frontal
electrode signal. In an additional 256-channel recording session, this component was best
modeled using 2 bilateral equivalent dipoles that localized to the region of inferior frontal
cortex (residual variance <0.01%). We conclude that increased activity in this area, possibly
involving inhibition of cognitive planning in frontal inferior areas, precedes fast selective
response times.
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Figure 1: Correlations between response-locked non-artifact activity at the right periocular electrode
and actual reaction times for all subjects. A. Correlation image showing correlations between reaction
time and single-trial EEG power averaged over all trials and subjects (subject median reaction time
had been subtracted from the collection of subjects’ reaction time before computing correlations to
remove the subject effect). In blue (negative) regions, more EEG power was associated with faster
reaction times. Median reaction is 352 ms (vertical line). The negative correlation circled at low
frequency prior to reaction time indicates that larger single-trial activity in this frequency band
precedes fast responses. B. power histogram for the center of the circled region in A for 3 groups of
data trials (of equal size) for fast, medium and slow reaction times. Distribution of power across trials
is shifted uniformly with reaction time, irrespective of absolute power. It also shows that variations of
power due to reaction time are small relative to the global distribution of power values. The inset panel
show that the relation between spectral power and reaction time is close to linear in 20 quantile
groups of increasing reaction time (R=.87; P<10®).

Acknowledgement: this report was supported by The Swartz Foundation and the National Institutes of Health (NIMH MH36840).
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High-frequency (600 Hz) burstsof cortical population spikes
In non-invasive human EEG and MEG recordings

Gabriel Curio
Neurophysics Group, Dept. of Neurology, Campus 8&eim Franklin,
Charité - University Medicine Berlin, Germany
curio@charite.de

Human somatosensory evoked potentials (SEP) andetiagfields (SEF) elicited by
electrical median nerve stimulation comprise a fb(-15 ms) burst of high-frequency
(approximately 600 Hz) wavelets, overlapping in dinwith both, the thalamic 'P15'
component and the primary cortical response 'N20'.

This high-frequency wavelet burst can be functindifferentiated from lower-frequency
(< 400 Hz) EEG and magnetoencephalography (MEQ)atsg which predominantly reflect
synchronized mass excitatory and, partially, irtloyi postsynaptic potentials. Thus, these
‘classical' macroscopically summed responses afjuérecies <400 Hz can contain
modulations of the membrane potential below th&esphreshold, which are not transmitted
into the cortical network.

It is in this context that the 600 Hz SEP/SEF conguus, referred to ag-bursts given
their "spikelike" wavelet appearance, provide aparfunity to monitor non-invasively spike-
related activity in the human cerebral somatosgnsgstem: Converging evidence from
recent recordings in rats, piglets, awake monke&yjsahd humans [2Ehows that these
macroscopico-bursts reflect the timing of highly synchronizeddarapidly repeating
population spikes which are generated by cuneatiialaand thalamocortical relay cells,
cortical bursting pyramidal cells and, possiblystfapiking inhibitory interneurons. The
human EEGo-burst comprises multiple components with differ@nsensitivity to stimulus
rate, vigilance, intensity, tactile interferenceibgct age, drugs, and certain movement
disorders. Theoretical analyses suggest that aelburst coding relays information with high
efficiency; moreover, intraburst frequency can mdeaded sensory stimulus attributes.

As these 600 Hz EEG activities can be assessed wueirtine SEP equipmeng-burst
recordings open a unique and easy approach forimvaisive studies of human cerebral
population spike responses.
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cortical spike bursts. J Physiol., 550: 529-34 @00

[2] Curio G: Ultrafast EEG activities. In: ELECTROEEPHALOGRAPHY, 5th Edition.
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Frequency dependence of spike timing reliability: lessons from
conductance-based modeling

Susanne Schreiber', Inés Samengo® & Andreas V.M. Herz'
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The reliability of spike timing, estimated from the reproducibility of spiking responses to repeated presentation of
a stimulus, can be reduced in the presence of neuronal noise. “Symptoms” of impaired reliability are a decreased
probability of the occurrence of spikes and temporal jitter. Previous experimental and theoretical studies have
provided evidence that spike timing reliability depends on the frequency content of the stimulus. Two mechanisms
have been associated with this frequency dependence: on the one hand the occurrence of subthreshold oscillations
in a particular frequency band and on the other hand a resonance of the stimulus frequency with the DC firing rate
(Fellous et al., 2001; Hunter et al., 1998).

T I A L R R U 20f | | '
] | | I | ] I |
15 II III II IIIIII I : III I III III 15 III
L | ! L
.S 10} 11 III III b Lo '|| g 10} |
H.|||'|..... |
11 1 | n 11 1 |
3 L P P T FAF R T 5r1 1
|I I III I IIII | I . | I |I \
il 1 [N I T | L1 FI | . [
0 1000 2000 0 1000 2000
time (ms) time (ms)

Figure 1: Spike rastergrams of 20 responses of a conductanced-based model neuron to the presentation of a 6-Hz
and a 9-Hz sine stimulus (left and right panels, respectively). Both stimuli are of equal variance and amplitude.
Nevertheless, spike timing reliability of this cell is significantly higher for responses to the 9-Hz stimulus.

Employing conductance-based model neurons, we investigate the frequency selectivity of spike timing reliability and
review the mechanisms in a systematic way. We demonstrate that two stimulus regimes have to be distinguished,
depending on whether the stimulus mean is above or below threshold. For stimuli with a mean above threshold the
neuronal firing rate in response to the DC stimulus component determines the most reliable frequency. For stimuli
whose mean is below threshold, the frequency-dependent membrane impedance, as characterized by the subthreshold
resonance profile, sets the most reliable frequency. While for stimuli with subthreshold mean reliability is strongly
impaired by a reduced probability of spike occurrence, reliability of responses to stimuli with suprathreshold mean
mainly suffers from noise-induced temporal jitter.

Because the subthreshold resonance frequency and the DC firing rate change with the DC level, spike timing
reliability varies with the mean current. Our analysis demonstrates that the dependence of the frequency selectivity
on the DC is shaped by the intrinsic currents and is related to the dynamical properties and the activation ranges
of individual ionic conductances. For stimuli with a mean below threshold, in particular, an H conductance in
addition to a slow potassium conductance can serve to create a preferred frequency of spike timing reliability that
is relatively independent of the DC, as it is for example observed in stellate cells of the entorhinal cortex. Our
results also provide evidence that nonlinearities are responsible for deviations from the frequency estimates for larger
stimulus amplitudes. This is of particular interest for stimuli with a mean far below threshold, where large stimulus
amplitudes are required to elicit spikes. In these cases large-amplitude sine waves of frequencies increasing with
time (so-called ZAP stimuli) can be used to obtain a better estimate of frequency preference. Finally, we investigate
how spike timing reliability evolves around threshold, where both stimulus regimes coincide.
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Do action potential waveforms convey extra information
about the stimulus?

Gonzalo G. de Polavieja™", Annette Harsch*, Ingo Kleppe*, Hugh P. C. Robinson* & Mikko
Juusola*™
*Physiological Laboratory, University of Cambridge, Cambridge CB2 3EG, UK
S Neural Processing Laboratory, Department of Theoretical Physics, Universidad Auténoma de

Madrid, Madrid 28049, Spain.

We test whether significant information is carried in the spike waveforms of cortical
neurons. We find that when pyramidal neurons in rat visual cortex are driven by a
conductance stimulus that resembles natural synaptic input, somatic action potential
waveforms show a large variability that reliably signal the history of the input for up to 50
ms befor e the spike. This waveform code has a low noise and a much larger correlation to

stimulus variations than the instantaneous spike rate, resulting in information rates four

timeslarger.
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Pulse-detection in single neurons and neural

populations in a colored noise setting
G. Wenning, T. Hoch, P. Kallerhoff and K. Obermayer

Neuronale Informationsverarbeitung, Fakultit IV, Technische Universitiat Berlin,
Germany

Cortical neurons in the visual system are exposed to an enormous synaptic activity, which
determines fundamental properties of the cell (high conductance state) and hence the way
the cell processes information [1]. For example the statistical properties of the membrane
voltage depends critically on the actual synaptic input, which can change on a short time
scale, and the question arises how a neuron or a population of neurons can react rapidly,
reliably and temporally precise to transient, unexpected stimuli. The detection of tran-
sient changes in the input statistic can be considered as a basic neural computation and
is important for coincidence detection as well as for the detection of synchronous spiking
events in neural systems.

Using a leaky integrate-and-fire (LIF) neuron as well as a biologically more realistic Hodgkin
Huxley (HH) type point neuron we investigate how noise enhances the detection of sub-
threshold input signals. First we consider a single neuron which receives a regular train
of sub-threshold pulses and additional colored noise as inputs. The time interval is large
compared to the membrane time constant, such that the preceding pulse has no significant
influence on the following one. In order to quantify the neuron’s response to the pulse
train the total error is considered, which is proportional to the number of the false posi-
tive events and the number of pulses that are not detected, i.e. that are not immediately
followed by an output spike. We find that pulse detection becomes more robust if the
noise is colored, because the number of false positive events decreases with increasing the
temporal correlation while the number of correctly detected events is almost uneffected.
The optimal variance of the noise also changes with the degree of temporal correlations of
the background activity. We provide numerical results for the LIF and HH framework and
an approximate analytical description based on [2].

For a single neuron only half of the pulses can be detected at best. This is a consequence
of the zero mean noise. Because of this fact one can question the biological relevance of
the described pulse detection scenario in single neurons. Therefore we made additional
numerical simulations with populations of neurons, where each neuron received mutually
independent colored noise. We find that the pulse detection performance improves dra-
matically and that even small transient excitations can be detected by the population.
Furthermore we show how the quality of detection (measured by ROC like curves) is in-
fluenced by the correlation time of the noise, the pulse height, the membrane potential
variance and the population size.

Supported by the DFG (SFB 618).
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Statistical properties of non-stationary spike trains
Stefan Rotter
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Neuronal activity in vivo is highly dynamic (or variable, depending on the point of view) on
multiple time scales, due to the joint action of several sources of ‘input’ impinging upon each
neuron (presynaptic neuronal populations) and additional mechanisms internal to the neuron
(e.g. ion channel noise). Can one dissect and separately characterize these different sources
of variability from recordings of single neurons?

In its general form, this is obviously an ill-posed question. Only on the basis of suitable math-
ematical models can its analysis be attempted. Stochastic point processes and, in particular,
renewal processes [1] have been frequently employed in this context, because they can be ar-
ranged to match any type of inter-spike interval distribution. Beyond that, the resulting models
often turn out to be mathematically tractable. Within the neurosciences, a prime example
for a renewal process is the integrate-and-fire neuron subject to stationary Poissonian inputs.
It produces output spike trains by means of a cascade involving a linear filter in combination
with a threshold/reset mechanism for spike generation [2].

The analysis of spike trains recorded in vivo, however, typically reveals distinct non-renewal
aspects of neuronal firing, especially at larger time scales [3]. Technically, violations of the
stationarity assumption, which is implicit in the definition of a renewal process, will lead to a
rejection of the renewal hypothesis. Therefore, a more detailed analysis of the situation and
a restatement of the results is necessary. In the present model study we consider in particular
the second-order statistics (variance) of certain counting variables and inter-event intervals
for a generalized renewal process model, where the non-stationarities are specified in terms of
spectral properties of the underlying rate function.

Related to the above is a question of great practical importance: What happens if statistical
tools developed for strictly stationary processes are applied to observations that were obtained
under non-stationary conditions? Indeed, mathematical tools to deal with non-stationary data
sets are not abundant. Here, we present explicit models for non-stationary behavior, along
with their analysis. It is shown that the answer to the question posed above depends strongly
on the time scale of the non-stationarities. We study essentially two extreme cases: the time
scale of the fluctuations is faster than the typical inter-spike interval, and the fluctuations are
slower than the duration of each observation/trial. The case of broadband fluctuations is also
briefly considered.

[1] Cox DR, Isham V (1980) Point Processes. Chapman & Hall
[2] Tuckwell HC (1988) Introduction to Theoretical Neurobiology. Cambridge University Press. Vols. 1 & 2

[3] Nawrot MP, Riehle A, Aertsen A, Rotter S (2000) Spike Count Variability in Motor Cortical Neurons.
EJN 12, Suppl. 11: 506
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Introductory Remarks to Symposium 10
Plasticity and Task-Dependence of Auditory Processing
Frank W. Ohl and Holger Schulze, Magdeburg

Traditionally, most of our knowledge on stimulus processing in the auditory system (as well
as in other sensory systems) has been gained from the study of neuronal response changes
associated with parametric variation of physical stimulus features. Recently, an increasing
number of researchers focus on the complementary situation, i.e. changes of neuronal
responses with physical stimulus parameters held constant. In this situation the sources of

response variation are internal to the organism.

One such source of internal response variation is the history of the subject's previous
experiences giving rise to what here is termed plasticity of neuronal responses. This type of
influence can be studied by experimentally interfering with developmental processes
(developmental plasticity) or by exposing the subject to learning situations (learning-induced
plasticity). A related, but separable, source of internal response variation can be studied when
a subject processes identical stimuli in the context of variable tasks to be performed (task
dependence). As a common denominator between both aspects of internal response variation

the concept of top-down modulation of bottom-up processes is discussed.

The symposium aims at characterizing how our understanding of auditory processing is
complemented by taking the phenomenon and the underlying mechanisms of internal sources
of response variation into consideration. Current achievements from various experimental and
theoretical approaches (represented by the speakers’ main research traditions) will be

reviewed and future research strategies will be suggested.
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Dynamic modulation of rate and temporal coding in the

thalamo-cortical auditory system of awake guinea-pigs.
Jean-Marc Edeline
NAMC, UMR-CNRS 8620, Université Paris-Sud 91405 Orsay, France

Over the last 15 years, an important concept has been validated by many laboratories: adult sensory
systems can exhibit plastic changes under various circumstances ranging from peripheral lesions to
behavioral training. Initially, several experiments showed that when a particular sound frequency is
associated with an unconditioned stimulus (US) selective Receptive Field (RF) reorganizations can
emerge after a few tens of training trials (review in Edeline 2003, Weinberger 2004). Recent findings
also indicate that rapid changes in spectrotemporal RF can occur when the animal attention is focused
around a particular frequency during instrumental training (Fritz et al., 2003). Other experiments
indicated that months of training in a discrimination task led to important reorganizations of the
cortical tonotopic map (Recanzone et al., 1993; Rutkowski et al., 2002; but see Brown et al., 2004).
On the other hand, an impressive amount of studies has described the effects induced by pairing
protocols between a sensory stimulus and a neuromodulatory system. These studies showed that a
neuromodulator, in particular acetylcholine, can promote RF and map plasticity as extensive than
those typically observed after behavioral training (Bakin & Weinberger, 1996; Kilgard & Merzenich
1998). These studies have provided useful “rate coding” descriptions of adult sensory plasticity, but
we should consider that the firing rate is only one way (among others) to encode information in the
central nervous system. After presenting key findings of “rate coding” descriptions in learning-
induced sensory plasticity, we will present a few examples where the temporal organization of
neuronal discharges is affected during the induction or expression of sensory plasticity. It will be
suggested that future investigations should combine “rate coding” and “temporal coding” descriptions
of sensory plasticity to unravel the richness and complexity of the neural code, and to elucidate how
sensory experience can modify this code.
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Corticofugal modulation of auditory processing in the mouse

Giinter Ehret', Jun Yan?, Philipp Griin®

'Dept. of Neurobiology, *HNO-Dept. and Clinic, University of Ulm, D-89069 Ulm, Germany
“Dept. of Physiology and Biophysics, Faculty of Medicine, University of Calgary, Calgary, Canada
The auditory cortex (AC) can influence, via corticofugal projections, neural response properties to
sounds in lower centers of the ascending auditory pathway (e.g. Suga et al., 2000). Thus, cortical
plasticity induced by learning or state of vigilance may feed back to the ascending auditory system. In
order to quantify effects of corticofugal modulation by local activation in the AC under controlled
conditions, one can simulate a learning situation by applying an electrical stimulus (unconditioned
stimulus) in combination with a tone stimulus (conditioned stimulus), for example at the characteristic
frequency (CF) of the stimulated neurons and, thus, to a defined position of the primary AC tonotopy
and measure changes in the tonotopy and in neural response characteristics in lower centers due to the
conditioning in the AC .

In a series of studies of corticofugal effects on sound processing in the mouse auditory system,
we conditioned for 7 min by electrical pulses at the end of CF tones the primary AC in anethesized
mice at a position corresponding to a certain CF of the local neurons. The long-lasting (more than 8
hours) effects of this conditioning were measured in response properties of neurons in the central
nucleus of the inferior colliculus (auditory midbrain) and the in auditory evoked responses (AERS).
We found an increase of the CF representation over about one critical bandwidth (perceptual measure
of spectral resolution) for the conditioned frequency (Yan and Ehret, 2001), an average increase in
sensitivity of neurons tuned to the conditioned frequency, and a loss of sensitivity and a change in the
shape of tuning curves and rate-level functions and of the dynamic ranges in neurons not tuned to the
conditioned frequency (Yan and Ehret, 2002; Yan et al. to be published). Further, amplitudes of AERs
(first 7 waves) significantly increased and latencies (waves 1-3 and V) and thresholds significantly
decreased in response to the conditioned tone.

The data indicate that the primary auditory cortex can selectively enhance the processing of
tones of learned significance in lower auditory centers both collectively and on the single neuron level.
At the same time, the processing of tones about one critical bandwidth away from the tone of interest
is somewhat suppressed. This shows that corticofugal modulation due to a local stimulation in the AC
is organized in a center (excitatory) - surround (inhibitory) way in the auditory midbrain.

Supported by the Deutsche Forschungsgemeinschaft, Eh 53/17, 18, and the Campbell McLaurin Chair

for Hearing Deficiencies, University of Calgary.

Suga N, Gao E, Zhang Y, Ma X, Olsen JF (2000) Proc Natl Acad Sci 97: 11807-11814
Yan J, Ehret G (2001) NeuroReport 12: 3313-3316
Yan J, Ehret G (2002) Eur J Neurosci 16 : 119-128
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Cognitive aspects of animal auditory learning
Frank W. Ohl

Leibniz-Institut flr Neurobiologie, Magdeburg

The talk will review the physiology of learning-induced plasticity in auditory cortex and then
focus on novel results on the physiological basis of category learning (concept formation) as a
fundamental element of cognition. During category learning equivalence classes of meaning
(categories) are established over stimuli that enable an organism to adequately respond even
to novel, previously unfamiliar, stimuli when they are encountered.

Using a recently developed experimental paradigm Mongolian gerbils (Meriones
unguiculatus) were trained to discriminate linearly frequency-modulated (FM) tones with
respect to their modulation direction (i.e. 'rising' vs. 'falling’). The training can be conducted
such that the animals form the respective categories of 'rising' and ‘falling’ modulations, and
transfer the concept of modulation direction to novel, previously unheard, FM tone stimuli
(Wetzel et al. 1998, Behav. Brain Res. 91, 29-39) after a behavioral state transition.

Since FM tone discrimination learning has been demonstrated to be dependent on auditory
cortex (Ohl et al. 1999, Learn. & Memory 6, 347-362) the potential neural correlates of this
behavioral state transition were studied using multichannel recordings of epidural
electrocorticograms. State space analysis of spatio-temporal activity patterns revealed that the
initial response components to FM tones were predominantly determined by physical stimulus
features and anatomical connectivity patterns (Ohl et al. 2000, J. Neurophysiol. 83, 3123-
3132). Later response components showed transient epochs (several 10s of ms) of clustering
into particular subregions of the state space after discrimination learning. Moreover, after the
transition to categorization behavior the state space representation of these clusters reflected
the perceptual scaling exhibited by the animals in their behavioral category selection (Ohl et
al. 2001, Nature, 412, 733-736). These data suggest the coexistence of separate coding
principles for information relevant for stimulus identification using physical features and for
information subjectively relevant for an individual's categorization of stimuli (Ohl et al. 2003,
Biol. Cybern., 88, 374-379; Ohl et al. 2003, Reviews Neurosci., 14, 35-42).
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Developmental and adult plasticity in the mammalian sound localization system
Benedikt Grothe'?, Armin Seidl’, Ida Kollmar'?, Pratibha Tripathil’z, and Harald Schniirch?

Department Biology II, Biocenter, Munich University, Martinsried, Germany
Max-Planck-Institute of Neurobiology, Martinsried, Germany

Interaural time differences (ITD) are the most important physical cue to localize low
frequency sounds. In mammals, they are initially processed in the medial superior olive
(MSO) via a complex interaction of binaural excitatory and inhibitory inputs that is yet not
fully understood. Most likely, ITD sensitivity of single MSO cells is basically set up by a
coincidence detection of the binaural excitatory inputs. The fine-tuning of ITD sensitivity in
MSO neurons to the animal’s behaviourally relevant range, however, seems to depend on
glycinergic inhibition (Brand et al., Nature 417:543). Anatomical data show that the normal
arrangement of the inhibitory inputs is achieved only after hearing onset and that this
development can be partially suppressed by mild exposure to omnidirectional noise
surpassing most spatial cues (Kapfer et al., Nature Neurosci 5:247).
Our recent studies in Mongolian gerbils show that, in fact, normal ITD tuning at the level of
single auditory brainstem neurons is significantly and permanently altered by exposure to
omnidirectional noise during a critical period after hearing onset. This change could be
explained by a lack of maturation of the glycinergic MSO inputs.
In contrast, during adulthood exposure to identical noise and for the same duration does not
cause a permanent alteration of ITD tuning of auditory brainstem neurons. However, it causes
a short-term (up to several days) shift of ITD sensitivity in the direction ITD functions of
single MSO cells are shifted due to the mature glycinergic inhibition. The simplest
explanation for such a shift of ITD sensitivity would be that noise exposure causes a
temporary increase of glycine induced inhibitory current. We therefore used quantitative PCR
to test whether the expression of glycine receptors (Glyal) is increased during or shortly after
exposure to omnidirectional noise. Our preliminary results indicate such a temporarily
dramatic increase of Glyoal mRNA in the MSO but, interestingly, not in the neighbouring
nucleus, the lateral superior olive (LSO), although LSO receives the same glycinergic input.
Such a differential change even in the same individual is surprising but strongly suggests that
glycinergic inhibition is involved in adult plasticity of the mammalian sound localization
system.
Taken together, our results from electrophysiological, anatomical and molecular studies
indicate that glycinergic inhibition is crucial for the tuning of auditory brainstem neurons to
the physiological range of ITDs as well as for adjusting the adult system according to changes
in the acoustic environment.

Supported by DFG GR 1205/12-1
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Rapid task-related plasticity of spectrotemporal receptive fields in the auditory cortex

Jonathan Fritz*, Mounya Elhilali, Shihab Shamma

Center for Auditory and Acoustic Research, Institute for Systems Research,
University of Maryland, College Park, Maryland, USA, 20742
*ripple@isr.umd.edu

During active listening, the auditory system attends to salient, task-related acoustic cues.
Cortical neuronal response properties can change dynamically so as to selectively
enhance responses to these acoustic features of interest. We studied changes in cortical
spectrotemporal receptive fields (STRFs) that occurred when animals were engaged in:
(1) spectral tasks, such as tone detection or discrimination, (2) temporal tasks such as gap
detection or tone duration discrimination. We measured STRFs of single neurons in Al in
the ferret using standard reverse-correlation techniques and quantitatively analyzed
changes in STRF shape which resulted during task performance. We trained ten ferrets,
using avoidance conditioning, to detect variable tonal targets against a background of
rippled noise. They quickly learned a variety of other tasks, all of which were variations
on a basic behavioral paradigm (AA...B), in which the animal discriminated between a
set of similar reference stimuli (variable length sequence) and distinct target stimuli.
Performance on each task required attention to a different salient acoustic cue. In our
initial study of neural plasticity arising during a tone detection task, we found (Nature
Neuroscience (2003) 11, 1216-1223) that more than 60% of neuronal STRFs changed
within minutes of task onset in a consistent pattern. At both the single unit and at the
population level, responses were enhanced to frequencies near the tonal target with a
precision of about 0.25 octave. Our subsequent studies of neural plasticity during tone
discrimination indicate that an opposite effect can occur, as a population analysis of
neural responses indicates that STRF responses are specifically suppressed to the
reference tone. Our working hypothesis is that these differing task-dependent STRF
changes serve to adaptively enhance task performance. These results may provide insight
into the adaptive neural mechanisms which underlie auditory attention during active
listening.

Supported by NIH (NIDCD) RO-1 & RO-3 grants to SAS and JBF
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Bottom-up and top-down processing in auditory scene analysis

Georg M. Klump

Zoophysiology and Behavior Group, Oldenburg University
Carl-von-Ossietzky Str. 9-11, 26129 Oldenburg, Germany

In analysing the acoustic environment, the auditory system has the task to segregate the
sounds that originate from multiple sources. At the same time, the auditory analysis requires
the grouping of the sound components originating from one source that, for example, differ in
spectral frequency. Both the processes of source segregation and grouping are combined in
the analysis of acoustic scenes. The presentation will provide a brief review of the approaches
to the study of auditory scene analysis in animal experiments and evaluate the evidence. The
available results from animal experiments suggests, that many of the mechanisms involved in
the processing of acoustic scenes are bottom-up mechanisms that do not require attending to
the stimulus. Examples are the segregation of signals from a simultaneously presented
acoustic background on the basis of common modulation, or the segregation of consecutive
tones in a sequence into separately processed auditory streams that is dependent on the
frequency separation between the tones. In humans, under some conditions the auditory
stream segregation of sequential tones is dependent on the instruction and top-down
mechanisms of auditory processing appear to be involved. However, conclusive evidence
from animal experiments for the action of top-down mechanisms in the context of auditory
streaming is lacking. Top-down effects on the processing of the sensory input can be
suspected on the basis of results indicating that auditory memory has an effect on the analysis
of complex acoustic stimuli. However, the differences in sensory perception that result from
differences in auditory memory can be the consequence of long-term adaptation and plasticity
of the auditory processing mechanisms which would again indicate a dominance of bottom-up
over top-down processing in the animal experiments. More conclusive evidence for top-down
processing in auditory scene analysis may be provided by studies that apply short term shifts
of attention as a tool.

Supported by the Deutsche Forschungsgemeinschaft (SFB 517, FOR 306)
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Correlates of AM discrimination learning in auditory cortex of the ger bil

Holger Schulze

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

The perceptual quality associated with periodic, 100% sinusoidally amplitude modulated
(AM) tones varies as a function of modulation frequency (f.): AM tones of low f,, (up to
about 100 Hz) evoke percepts of rhythm and roughness whereas those of higher f,, evoke
percepts of periodicity pitch. Recent studies provided evidence that these different perceptual
qualities are paralleled by differences in neuronal responses: AM tones of low f, are
represented by a temporal, non-topographical (synchrony) code in primary auditory cortex
(Al) [1] and AM tones of high f,, are represented by a spatial (rate-place) code (periodotopic
map, [1,2]). Furthermore, learning performance also differs for low and high f, in an AM
tone discrimination task in gerbils: Learning proceeds faster and discrimination performance
is slightly better for low than for high f, [3]. Based on these latter results we follow the
hypothesis that different learning mechanisms might be involved in discrimination learning of
AM with different low or high fy, that is, the synchrony or rate-place representation might be
altered by different learning mechanisms. Whereas learning induced alterations of stimulus
representations in sensory maps are well described (e.g. [4]), only little is known about the
plasticity of temporal stimulus representations like the synchrony code.

By mapping of the Al before and after AM tone discrimination learning in individual animals
we were able to demonstrate that the number of neurons that code for the training stimuli
increases with learning [5]. Furthermore, by recording from implanted electrodes, responses
from individual neurons or small clusters of neurons could be obtained before and after the
training, revealing plastic changes of temporal and spectral response properties in Al neurons.
In particular, some neurons shifted their best frequencies towards the carrier frequency of the
AM tone, and increased the temporal precision of their phase-locked responses to AM tone
envelopes [5]. In any case, the observed plastic changes of neuronal response properties were
highly specific with respect to both the spectrum and the time structure of the training stimuli.
The data suggest a neural mechanism of differential alteration of the timing of excitatory and
inhibitory afferent input to auditory cortical neurons due to AM tone discrimination learning.

[1] Schulze H, Langner G, 1997, J. Comp. Physiol. A 181: 651-663

[2] Schulze H et al., 2002, Europ. J. Neurosci., 15: 1077-1084

[3] Schulze H, Scheich H, 1999, Neurosci. Lett. 261: 13-16

[4] Recanzone GH et al., 1993, J. Neurosci. 13: 87-103

[5] Schulze H et al., 2002, Acta Acustica united with Acustica, 88: 399-407
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A Computational Model of the Development
of Tinnitus-Related Hyperactivity
in the Early Auditory Pathway

Roland Schaette and Richard Kempter
Institute for Theoretical Biology, Biology Department, Humboldt University Berlin
Invalidenstr. 43, 10115 Berlin, Germany

Tinnitus is the perception of a sound in the absence of acoustic stimulation. In many cases,
tinnitus is associated with hearing loss in the high-frequency range. The pitch of the tinnitus
sensation is correlated to the extent and range of the hearing impairment (Henry et al., ITS
Proceedings 1999). The question of how hearing loss leads to the development of tinnitus,
however, still remains unanswered.

In animals, hearing loss induced by acoustic trauma leads to signs of tinnitus (Heffner et
al., Hear. Res. 2002). A manifestation of tinnitus-related changes in the auditory pathway is
found in the dorsal part of the cochlear nucleus, which is the first neuronal processing stage
in the auditory pathway. In the dorsal cochlear nucleus (DCN) of animals with behavioral
evidence of tinnitus, the spontaneous neuronal activity is significantly increased (Kaltenbach
et al., Neurosci. Lett. 2004). These experimental results present a paradox situation: hearing
loss leads to an overall decrease of auditory nerve activity, but there is increased spontaneous
activity, or ‘hyperactivity’ in the DCN.

We address the question of tinnitus development from a theoretical perspective, following
the hypothesis that the auditory pathway can be modified by sensory experience. Plasticity
mechanisms like activity-dependent changes in synaptic weight or neuronal excitability are
to ensure proper information processing. Hearing loss, however, causes drastic changes in
the input received by the auditory system, and this imbalance might lead to the development
of pathological hyperactivity in the brain stem.

In order to explore this hypothesis, we set up a computational model of the auditory
nerve (AN) and the DCN. The model captures how the population firing rate of AN fibers
depends on the intensity of acoustic stimuli and the integrity of inner and outer hair cells of
the cochlea. Changes in the activity of the auditory nerve are assumed to drive a homeostatic
compensation mechanism in output neurons of the DCN. Therefore, synapses from the AN to
DCN neurons obey rules of homeostatic plasticity to maintain a pre-set target value of mean
activity of the postsynaptic neuron. After hearing loss, our model develops hyperactivity
in those parts of the DCN that are innervated by the damaged parts of the cochlea. The
amount of hyperactivity depends on the amount of cochlear hair cell loss. The observed
hyperactivity patterns are similar to those seen in animals.

Supported by the DFG, Ke 788/1-2,3
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Thekey to accuratetiming residesin the signal design used by echolocating
bats

Arjan Boonman

University of Tubingen, Animal Physiology, Auf der Morgenstelle 28
72076 Tubingen, Germany

Bats use echolocation to navigate and find food in the dark. It is still unknown how returning
sets of echoes are transformed into a spatial representation, but the timing of individual
echoes seems to play an important role in this process. Due to sound propagation losses bats
need to emit relatively long pulses, up to 40 times longer than the integration time of their
hearing system. Using a model simulating a bat’s typical cochlear functions | found the
frequency-time course of echolocation pulses to be optimized for separating returning echoes.
Signal design therefore appears to be an adaptation to optimize temporal resolution. Further
simulations revealed that bats use a far broader bandwidth in their echolocation than needed
to reduce statistical uncertainty in the estimation of distance (echo timing). | show that this
excess bandwidth can be used to resolve returning echoes occurring within the bat’s
integration time. This ability is meaningful to navigate near vegetation and is supported by
psychophysical experiments on bats.
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Neuronavigated Repetitive Transcranial Magnetic Stimulation

in Patients with Tinnitus

Peter Eichhammer, Berthold Langguth, Jorg Marienhagen™,
Tobias Kleinjung**, Goran Hajak
Department of Psychiatry and Psychotherapy, University of Regensburg,
93053 Regensburg, Universitaetsstrasse 84, Germany
* Department of Nuclear Medicine, University of Regensburg,
93053 Regensburg, Franz-Josef-Strauss Allee, Germany
** Department of Otorhinolaryngology and Audiology, University of Regensburg,
93053 Regensburg, Franz-Josef-Strauss Allee, Germany

Introduction:

Clinical as well as neurophysiological and neuroimaging data suggest that chronic tinnitus
resembles neuropsychiatric syndromes characterized by focal brain activation. Low frequency
repetitive transcranial magnetic stimulation (rTMS) has been proposed as an efficient method
in treating brain hyperexcitability disorders by reducing cortical excitability.

Methods:

In ten patients suffering from chronic tinnitus, the effect of magnetic-resonance-imaging and
positron-emission-tomography guided neuronavigated 1 Hz rTMS on auditory cortex activity
was evaluated.

Results:

Neuronavigated rTMS led to a considerable improvement in tinnitus complaints which was
accompanied by changes in cortical excitability as measured by paired-pulse TMS as well as
changes of structural neuroplasticity as measurde by voxel-based morphometry.

Conclusions:

Neurophysological as well as imaging data suggest that neuronavigated rTMS may offer a

new option for treating auditory phantom perceptions like chronic tinnitus.
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The integrated role of glial cells in the CNS:
new methodological approaches

Paola Bezzi and Carola Schipke, Lausanne (CH) and Berlin

The integrated role of glial cells, especially the role of astrocytes in synaptic transmission, is

the central topic of this symposium.

It is a very recent acquisition that glial cells generate signalling loops which are integral to the
brain circuitry and participate interactively with neuronal networks in the processing of
information. While neuronal signalling, based on electrical excitability, has been successfully
studied with electrophysiological approaches, glial cell signalling was not revealed by these
approaches and remained unknown until a few years ago. It was only the use of optical
recording techniques and dyes sensitive to changes in the intracellular calcium concentration
([Ca®*];) that allowed the chemical excitability of glial cells to become apparent. Studies using
these new techniques have shown for the first time that glial cells are activated by
surrounding synaptic activity and translate neuronal signals into their own calcium code.
[Ca?*); elevations in glial cells have been shown to underlie spatial transfer of information in
the glial network, accompanied by release of chemical transmitters such as glutamate and
back-signalling to neurons. As a consequence optical imaging techniques applied to cell
cultures or intact tissue have become a state-of-the-art technology for studying glial cell
signalling. As the morphological basis and the molecular mechanisms leading to release of
"gliotransmitters” from glia is still under debate, only cell biology and electron microscopic
work of glial cells within the neuronal network in combination with dynamic imaging
elucidates the morphology, subcellular organization and possible release machinery in glia.
The speakers in this symposium will address these questions in their talks . from (subcellular)

morphology to the integrated role of astrocytes in neuronal circuits.
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IMAGING OF GLIAL CALCIUM TRANSIENTS

ChristineR. Rose
Physiological Institute, University of Munich, Munich, Germany

Glial cells possess a wealth of transmitter receptors and typically respond to synaptic release
of transmitters with intracellular calcium transients. Such calcium transients represent an
important cellular signal which in turn results in the release of neuroactive substances by the
glia cells. Calcium-induced release of glutamate by astrocytes has been demonstrated to
induce the activation of ionotropic glutamate receptors of neighboring neurons and to
modulate the properties of synaptic transmission as determined at neuronal cell bodies. Up to
now, however, the influence of glial calcium transients on the electrical and chemical
information processing at single synapsesis not known.

In this symposium, | will discuss different techniques for the measurement of calcium
transientsin glia cells. Emphasis will be given on high-resolution imaging in the intact tissue
using two-photon-lasser scanning microscopy. A particular property of two-photon
microscopy is that excitation and thus the generated fluorescence are confined to the focal
plane, making the use of a detector pinhole unnecessary. This allows more efficient signal
detection than in confocal microscopy. Imaging deep in the intact, scattering tissue such asin
living brain dlices, and even in vivo is significantly improved. Another advantage of two-
photon microscopy is that photobleaching and photodamage are minimal. Thus, two-photon-
imaging enables the measurement of local calcium transients in fine cellular processes of glial
cells close to neuronal synapses (cf. Figure 1) and is a promising tool to investigate the role of
these transients in the information processing in the brain.

Fig. 1: Two-photon imaging of a
Bergmann glial cell. A: Montage of a
stack of 30 optical sections taken at 5
um intervals through a Bergmann glial
cell filled with 200 uM Fura-2 in a

as in A taken at higher resolution.

#S11-1

cerebellar slice of a 12-days-old mouse.
The red box indicates the area enlarged

in B. B: Fine process from the same cell
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Neuronal synchrony in the hippocampus mediated by glutamate released from astrocytes

Giorgio Carmignoto

#S11-2

Istituto CNR di Neuroscienze and Dipartimento di Scienze Biomediche Sperimentali, Universita di

Padova, viale G. Colombo 3, 35121 Padova, Italy.

Synchronization of activity of anatomically distributed groups of neurons represents a
fundamental event in the processing of information. While this phenomenon is believed to result
from dynamic interactions within the neuronal circuitry, how exactly populations of neurons
become synchronized remains largely to be clarified. We propose that astrocytes are directly
involved in the generation of neuronal synchrony in the hippocampus. By using a combination of
experimental approaches in hippocampal slice preparations, including patch-clamp, pair
recordings and confocal microscopy calcium imaging, we studied the effect on CAl pyramidal
neurons of glutamate released from astrocytes upon various stimuli that trigger Ca* elevations in
these glial cells, including Schaffer collateral stimulation. We found that astrocytic glutamate
evokes synchronous, slow inwards currents and Ca®* elevations in multiple CA1 pyramidal
neurons by acting preferentially, if not exclusively, on extrasynaptic NMDA receptors.

Our results reveal a functional link between astrocytic glutamate and extrasynaptic NMDA
receptors that contributes to the overall dynamics of neuronal synchrony. Our observations also
raise a series of questions on the possible role of this astrocyte-to-neuron signaling in
pathological changes in the hippocampus such as excitotoxic neuronal damage or the generation
of epileptiform activity.
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DYNAMIC IMAGING OF GLUTAMATE EXOCYTOSIS FROM ASTROCYTES

P. Bezzi*-; E. Pilati' ; V. Gundersen®; H. Stubbe’; A. Volterra?

1. IBCM, Univ Lausanne, Lausanne, Switzerland 2. CEND, Univ Milan, Milan, Italy 3. Anat
Inst and Center for Mol Biol and Neurosci, Univ Oslo, Norway

We have recently shown that astrocytes possess synaptic-like microvesicles expressing
vesicular glutamate transporters and the v-SNARE, cellubrevin. Such vesicles release
glutamate via a Ca?*-dependent exocytosis process in response to physiological stimuli

(Bezzi et al., Nat. Neurosci., 2004). Total internal reflection fluorescence (TIRF) imaging of
vesicles tagged with VGLUT-EGFP and filled with Aridine Orange enabled us to monitor
individual vesicle fusion events in living astrocytes and to collect information on the kinetic
properties of the secretory process evoked by activation of metabotropic glutamate receptors
(mGLURSs). Application of the group | mGLUR agonist (DHPG 100 uM, 2 sec pulse) induced
in the TIRFM field a single burst of Ca®*-dependent exocytosis, which reached the maximal
fusion rate within 100-200 ms and lasted for about 600 ms. Prostaglandins (PGs),
cyclooxygenase (COX) metabolites of arachidonic acid, are known to be produced in
response to mGIuR stimulation and to participate in the Ca**-dependent process of glutamate
release from astrocytes, both in cultured cells and in hippocampal slices (Bezzi et al., Nature,
1998; Bezzi et al., Nat. Neurosci., 2001; Pasti et al., J. Neurosci., 2001; Zonta et al., J.
Physiol., 2003). However, it remains undefined whether PGs regulate specifically the
glutamate exocytosis process and, if so, by which mechanism. To clarify these issues, here we
use TIRF microscopy and study the consequences of suppressing PGs formation with a broad-
spectrum COX inhibitor, indomethacin (INDO 5uM), on the exocytosis process evoked by
mGIuR stimulation. In the presence of INDO, astrocytes respond to DHPG stimulation (as
above) with: (a) a drastic reduction in the total number of fusion events; (b) a significant
change in the time distribution of the residual fusions

Email corresponding author: Paola.Bezzi@ibcm.unil.ch
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IMAGING OF ACTIVITY DEPENDENT TRANSMITTER RELEASE FROM
ASTROCYTES

Carola G. Schipke, Brigitte Haas, Goran Sohl*, KlausWillecke*, Helmut K ettenmann
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13092 Berlin, Germany
* Institut of Genetics, Div. of Molecular Genetics, University of Bonn, 53117 Bonn, Germany
for correspondence: schipke@mdc-berlin.de

Astrocyte activity is propagated in form of Ca?* signals. Astrocyte Ca** waves spread within
the astrocytic population with a speed of 10 — 20 um/s and thus orders of magnitude slower
than neuronal signal propagation. Two different mechanisms have been described to explain
how the Ca** wave propagates within an astrocytic network in culture: 1) the intra- and
intercellular diffusion of second messengers via gap junctions between highly coupled
astrocytes with subsequent Ca** release from intracellular stores, and 2) the release of ATP
from astrocytes into the extracellular space followed by purinergic receptor activation on
neighboring cells, which, in turn, leads to elevation of [Ca®']i. So far there are only few
reports on astrocytic Ca®* waves in tissue. In situ studies support the hypothesis that in the
intact tissue the astrocyte wave propagates via the purinergic mechanism and does not depend
on gap junctions. To visualize ATP release during wave propagation in the intact tissue, we
used a novel assay to detect the release of ATP from slices, the “sniffer cells”. The glioma cell
line GL 261 expresses highly sensitive purinergic receptors and these cells were seeded onto
the surface of acute neocortical slices during staining with Fluo-4-AM. ATP-release was
recorded as a calcium signal from the “sniffer cells”.

In this preparation, we elicited astrocytic Ca®* waves in the neocortex by electrical
stimulation. The astrocytic Ca?* wave was accompanied by Ca®* signals in the “sniffer cell”
population. Astrocytes express connexind3 as the major gap junction protein. In mice
deficient for astrocytic expression of connexin43, the Ca®* wave did not propagate within the
neocortex. Nevertheless, in the cortex of connexin43-deficient mice we recorded wave-like
spreading Ca?* signals in the “sniffer cells” population without an underlying astrocyitic Ca**
wave. Our findings indicate that after focal electrical stimulation, ATP release can propagate
within the neocortex independent from Ca®* waves but with the same speed.

Supported by: DFG, SFB 515
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IMMUNOGOLD DETECTION OF VGLUTs IN HIPPOCAMPAL ASTROCYTES
VIDAR GUNDERSEN!2 PAOLA BEZZI* AND ANDREA VOLTERRAL, IBCM,
University of Lausanne, Switzerland! and Dept. of Anatomy, Univesity of Oslo, Norway?
E-mail:vidar.gundersen@basalmed.uio.no

Glutamate release from cultured astrocytes has been shown to be Ca2+ and a clostridium
toxin sensitive. However, no evidence for a vesicular compartment capable of glutamate
release has been detected in astrocytes in the intact brain. Here we show, by use of
electron microscopic immunogold techniques, that astrocytes (identified by labelling for
the astrocytic glutamate transporters GLT and GLAST or by filaments) in the dentate
gyrus contain synaptic-like vesicles resembling synaptic vesicles, inasmuch as they are
small (about 30 nm in diameter), round and clear. In addition, like synaptic vesicles, the
astrocytic vesicles express the vesicle-associated membrane protein cellubrevin together
with VGLUT1 and VGLUT2. We also found that VGLUT positive astocytic vesicles
were located close to neuronal membranes, of which some carry NMDA receptors. Our
findings strongly suggest that astrocytes in the intact hippocampus contain a vesicular
compartment competent of glutamate exocytosis and that the VGLUT-containing vesicles
in the astrocytes could form sites for point-to-point transmission between astrocytes and
neurons.

Litterature cited:
Bezzi, P., et al. Prostaglandins stimulate calcium-dependent glutamate release in astrocytes. Nature 391,
281-285 (1998).

Bezzi, P. et al. CXCR4-activated astrocyte glutamate release via TNFw: amplification by microglia triggers
neurotoxicity. Nat. Neurosci. 4, 702-710 (2001).

Chilcote, T.J. et al. Cellubrevin and synaptobrevins: similar subcellular localization and biochemical
properties in PC12 cells. J. Cell. Biol. 129, 219-231 (1995).

Fremeau, R.T. Jr. et al. The expression of vesicular glutamate transporters defines two classes of excitatory
synapse. Neuron 31, 247-260 (2001).

Parpura, V. et al. Glutamate-mediated astrocyte-neuron signalling. Nature 369, 744-747 (1994).
Volterra, A. & Bezzi, P. Release of transmitters from glial cells. in The Tripartite Synapse: Glia in Synaptic

Transmission (eds. Volterra, A., Magistretti, P.J. & Haydon, P.G.) 164-182 (Oxford Univ. Press, Oxford,
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Functional consequences of loss of Connexin43 and Connexin30 in astrocytes
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Astrocytes have been shown to be most extensively coupled by gap junctions, which serve as
intercellular conduits for direct transfer of small molecules (up to 1 kDa molecular mass)
including ions involved in cellular excitability, metabolites, and second messengers.

Different connexins, i.e. the protein subunits of gap junction channels, can be expressed
within the same cell type. Hippocampal astrocytes, for instance, show prominent dye-
coupling even in absence of the Connexin43 (Cx43) gene, coding for their major connexin
[Cx43(fl/fl);hGFAP-cre] mice (Theis et al., 2003). To determine which connexins mediate
residual coupling in these mice, we performed tracer coupling experiments in hippocampal
slices of mice which additionally lack Cx30 [Cx30(-/-)/ Cx43(fl/fl);hGFAP-cre mice], another
connexin expressed in wild type astrocytes. Injecting biocytin via the patch pipette revealed
that gap junctional coupling was totally abolished in hippocampal astrocytes of these mice.
Connexin26, suggested to be additionally expressed, at least in spinal cord astrocytes
(Altevogt et al., 2004, but compare Filippov et al., 2003), does not appear to contribute to
tracer spreading between hippocampal astrocytes. Cx30 alone mediates residual coupling in
[Cx43(fl/f1);hGFAP-cre] mice. In heterozygous [Cx30(+/-)/ Cx43(fl/fl);hGFAP-cre] mice, the
contribution of a single Cx30 allele to gap junctional coupling was assessed: Coupling was
reduced to about 40 % of [Cx30(+/+)/Cx43(fl/fl); hGFAP-cre] controls.

Astrocytic gap junctions have been claimed to contribute to the dispersion of K", taken up by
astrocytes after neuronal activity. Changes in ion concentrations of the extracellular space are
probably involved in the pathology of CNS diseases such as epilepsy. However, the role of
astrocytic gap junctions in epilepsy is still ambiguous: Do they have a neuroprotective role or
do they add to the spread of neuronal activity?

We therefore studied epileptiform activity in acute hippocampal slices of [Cx30(-/-)/
Cx43(fl/fl); hGFAP-cre] mice with extracellular field recordings. Using the zero Mg?* model,
a significantly reduced latency in the appearance of epileptiform activity along with an
enhanced frequency of epileptiform events were recorded in slices of these mice, compared to
slices of age-matched mice with coupled astrocytes. In addition, only slices of [Cx30(-/-
)/ICx43(fl/fl);hGFAP-cre] mice showed brief episodes of spontaneous and stimulus-evoked
synchronized activity under normal Mg”* conditions. Obviously, shut-down of astrocytic
coupling enhances neuronal activity. These results support the notion of “spatial buffering”,
i.e. that astrocytic gap junctions counteract the accumulation of ions or neurotransmitters.
Altogether, our data demonstrate that mice with genetic inactivation of astrocytic gap junction
genes are valuable tools for studying the impact of astrocytic gap junctional coupling without
the use of possibly unspecific gap junction blockers.

Supported by DFG (SFB/TR3, JA 942/4, SFB 400)
Literature: Altevogt et al. J. Neurosci. 24 (2004) 4313-4323
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Theis et al. J. Neurosci. 23 (2003) 766-776
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The mechanism of IL-8-like chemokine (GRO/CINC-1) release
from rat astrocytes mediated by protease-activated receptor-1
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Protease-activated receptors (PARs), a unique class of G protein-coupled receptors,
are widely expressed in the central nervous system (CNS), such as neurons, microglial cells,
astrocytes and oligodendrocytes. Now, it is clear that PARs are involved in multiple
physiological processes, such as platelet aggregation, inflammation, apoptosis, cell
proliferation, immune response, pain, morphological changes and calcium mobilization. The
inflammatory roles of PARs are well understood in some systems, but not in the CNS. Till
now, only very limited direct evidence has shown that PARs play a role in inflammation in
the CNS. But the inflammatory mechanisms of PARs remain largely unknown. Rat
chemokine growth-regulated oncongene/cytokine-induced neutrophil chemoattractant-1
(GRO/CINC-1), a counterpart of the human growth-regulated oncogene product (GRO), has
been suggested to play critical roles as a mediator of inflammatory reactions with neutrophil
infiltration in rats. In the present study, we investigated by RT-PCR and ELISA whether
PAR-1 activation could increase chemokine GRO/CINC-1 in rat astrocytes. We found that
thrombin and TRag time- and concentration-dependently upregulates GRO/CINC-1 at both
MRNA level and protein level. Then we further investigated the mechanism of PAR-1-
mediated GRO/CINC-1 production by rat astrocytes in vitro. ELISA results suggested that
inhibitors of protein kinase C (PKC), mitogen-activated protein kinase kinase 1/2 (MEK1/2),
phosphatidylinositol 3-kinase (PI13K), p38 MAPK, c-Jun N-terminal kinase (JNK), nuclear
transcription factor-kappa B (NF-kB) and Janus kinase 2 (JAK2) significantly reduced PAR-
1-induced GRO/CINC-1 production. Signaling cascades of GRO/CINC-1 production were
further studied by western blot. Our observations for the first time indicate that JNK is very
sensitive to thrombin and TRag stimulations in rat astrocytes. Both thrombin and TRag can
time- and concentration-dependently phosphorylate JNK, but not p38 MAPK. JNK activation
was mediated by PKC, PI3K and MEK1/2. In addition, three interesting nuclear transcription
factors, which are supposed to play important roles in regulating GRO/CINC-1 release, were
also studied. Our observations indicate that phosphorylation and activation of c-Jun was
involved in upregulation of GRO/CINC-1 and c-Jun gene expression. NF-kB, which could be
activated by thrombin independent of PAR-1 activation, maybe have indirect effects on
GRO/CINC-1 release. However, signal transducer and activator of transcription (STAT)3
functions as a negative regulator of GRO/CINC-1 release.
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Cholesterol homeostasisin neuronsand glial cells
K. Nieweg, Christian Goritz, F.W. Pfrieger
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It is well established that the metabolism of cholesterol in the brain is separated from the rest of the
body, but surprisingly little is known of how neurons of the central nervous system regulate their
cholesterol content. Previously, we showed that the ability of cultured neurons to form and
maintain ynapses depends on an external source of cholesterol (Mauch et al., 2001, Goritz et al.,
submitted). We therefore hypothesized that postnatal neurons synthesize only little cholesterol and
rather depend on the delivery by astrocytes via lipoproteins (Pfrieger, 2003). Furthermore, we
postulate an active export of excess cholesterol, which is then taken up by astrocytes to mediate its
elimination from the brain.

Currently, the only model to study cholesterol metabolism in postnatal CNS neurons are cultures of
retinal ganglion cells which can be purified from postnatal rats and cultured under defined
conditions in the absence of glia. We studied cholesterol synthesis in these neurons in the absence
and presence of glia-conditioned medium using radioactive labeling in combination with high
resolution thin-layer chromatography. For comparison, we also analysed sterol synthesis in
cultured glial cells from rat optic nerve.

Our results show that neurons from postnatal brain produce cholesterol when cultured without glia.
In the presence of glia-conditioned medium cholesterol synthesis was reduced by 83 +/- 6% (n=3).
Separation of cholesterol precursors allowed dissection of the biosynthesis pathway: Whereas the
precursor pattern differed slightly in neurons and glia, a common feature was the accumulation of
lanosterol indicating that conversion of lanosterol is rate-limiting. To analyse this further, we
performed pulse-chase experiments and found that all of the accumulated lanosterol was finally
converted to cholesterol. In optic nerve cultures, but not in neurons intermediates in the two
pathways of cholesterol synthesis, namely desmosterol and 7-dehydrocholesterol, were
synthesized.

To study cholesterol release we analysed labeled sterols in neuron- and glia-conditioned media. No
release could be detected from neurons that were cultured in the absence of glia. Addition of
lipoprotein-containing GCM, which acts as donor and acceptor of cholesterol, induced cholesterol
release from these cells. Glial cells released cholesterol as well as the precursors lanosterol and 7-
dehydrocholesterol. Treatment with neuron-conditioned medium had no influence on glial release
of sterols.

Taken together, our study, which is the first on cholesterol synthesis in postnatal CNS neurons,
confirmed that neurons are able to form the sterol de novo and revealed interesting differences with
glial cells. These results form the basis for further investigations on cholesterol homeostasis in the
brain.

Supported by DFG (SPP 1085), Ara Parseghian Medical Research Foundation, Region Alsace.
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GLIAL INFLUENCE ON SYNAPSE DEVELOPMENT IN DIFFERENT BRAIN
REGIONS

C.C. Steinmetz, 1.Buard, T.Claudepierre, K.Nagler, F.W. Pfrieger
Max-Planck/CNRS Group, UPR 2356, Centre de Neurochimie, F-67084 Strasbourg, France

Survival and differentiation of neurons depend on signals from glial cells. Recently, new
forms of glia-synapse interactions have been revealed by studies of retinal ganglion cells
(RGCs), which can be highly purified from postnatal rats by sequential immunopanning
(Pfrieger & Barres, 1997; Mauch et al., 2001). So far, however, studies of glia-neuron
interactions in other types of postnatal neurons have been hampered by the lack of appropriate
isolation procedures. We report here the establishment of new procedures for the
immunoisolation of hippocampal (HIP) and cerebellar (CER) neurons and of RGCs from
postnatal mice. The procedure yields, respectively, about 27000 +/- 11600 (n = 13; HIP),
850000+/-546000 (n = 19; CER) and 23000+/-12000 (n = 34; RGCs) cells/P7 mouse.
Immunostaining with cell type-specific markers reveals >99.5% purity. To assess the survival
and growth requirements, we cultured purified cells under defined conditions. Depending on
the brain region, the survival rates average between 9 to 15% after 3 days in vitro (DIV).
Addition of growth factors and an increase in the cCAMP level enhanced survival rates (17 to
40%) as reported for rat RGCs (Meyer-Franke et al., 1995). Treatment with glia-conditioned
medium (GCM) did not affect survival. To determine the presence of functional synapses in
the different preparations, we performed whole-cell recordings of spontaneous and evoked
synaptic currents at 7 DIV. Hippocampal and cerebellar neurons showed spontaneous
excitatory postsynaptic currents (EPSC) and asynchronous currents under glia-free conditions.
GCM and cholesterol enhanced asynchronous release in hippocampal neurons. Spontaneous
inhibitory postsynaptic currents (IPSC) occurred in hippocampal and cerebellar neurons under
glia-free condition with hippocampal cultures showing a higher frequency of IPSCs than
cerebellar neurons. Experiments on isolated mouse RGCs are currently under way. Taken
together our results suggest that not all synapses are created equal and that there are region-
and possibly neuronal cell type-specific differences in the requirement for glial signals. Our
goal is now to identify the molecular mechanisms that underly these differences. The new
preparations of isolated neurons will allow to study the relevance of glial signals for
development and function of postnatal neurons in an unprecedented manner.

Supported by the DFG (SPP 1085), Ara Parseghian Medical Research Foundation, Fondation Electricite de
France, Fondation pour la Recherche Medical and Ministere de I’Education et de la Recherche.
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MORPHOLOGICAL ANALYSIS OF NEURON-GLIA INTERACTION IN TRANSGENIC
MICE WITH CELL-TYPE SPECIFIC EXPRESSION OF FLUORESCENT PROTEINS
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The highly complex organization of mammalian brains is mirrored by a functional
heterogeneity of cell types. To investigate this cellular diversity and structural interactions
within the nervous system, we generated a series of transgenic mouse lines with cytoplasmic
expression of various fluorescent proteins. In mice expressing the red reef coral fluorescent
protein HcRed1 under the control of the neuron-specific Thyl.2-promotor principal projection
neurons in cortical layers 4-6 (fewer also in layer 2) and neurons of deeper brain nuclei (e.g.
red nucleus) were fluorescently labelled. In the CAL and CA2 regions as well as in the dentate
gyrus hippocampal pyramidal neurons expressed HcRed1 as well. Interestingly, in none of the
lines transgenic expression could be detected in CA3 neurons. To visualize structural neuron-
glia interaction, these TgN(Thyl.2-HcRed)-mice were crossbred with TgN(hGFAP-EGFP)
mice expressing the green fluorescent protein EGFP under the control of the human GFAP-
promotor. In these double transgenic mice the enormous process branching of astrocytes
around synaptic structures of HcRedl-positive neurons could be visualized by confocal
microscopy in acutely isolated brain slices. Similarly, structural details of astroglial endfeet at
brain capillaries could be resolved. Fine astroglial processes were also found between densely
packed cell bodies of hippocampal neurons. In the dentate gyrus processes of single astrocytes
spanned the entire length from the molecular through the granular layer up to the polymorphic
layer. These astroglial structures could contribute to the signaling, i.e. the information transfer
between different layers of the dentate gyrus. In conclusion, this double-transgenic mouse line
represents an excellent tool to study both the structure as well as the functional dynamics of
neuron-glia interaction.

For correspondence: kirchhoff@em.mpg.de
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TRANSGENIC EXPRESSION OF FLUORESCENT PROTEINS DERIVED FROM
JELLYFISH OR REEF CORALS IN THE MOUSE NERVOUS SYSTEM —
A COMPARATIVE ANALYSIS
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Several variants of the green fluorescent protein (GFP) of the jellyfish Aequorea victoria are
commonly used as reporters in transgenic mice (ECFP, EGFP and EYFP). Recently,
chromoproteins from various reef coral anthozoa have been identified as a novel family of
fluorescent proteins. Their emission maxima range from 470 to 630 nm. Therefore, reef coral
fluorescent proteins (RCFPs) should be ideal tools to generate transgenic mice in which
different cell populations can be labelled with spectrally different FP using appropriate
promoters. Focussing on the central nervous system, we used the RCFPs AmCyanl, AsRed2,
DsRed1, mRFP1 and HcRed1 to selectively label astrocytes, oligodendrocytes and neurons.
Transgenic mice were generated with cytoplasmic FP expression driven by the human GFAP,
the mouse PLP and Thy1.2 promoters and investigated by laser-scanning microscopy.

Similar to transgenic mice with variants of GFP, RCFP transgenic mice developed normally,
were fertile and got older than a year. In addition, the three promoters induced correct cell-
type specific expression of the various RCFPs. In contrast to transgenic mice expressing the
GFP variants, however, RCFPs displayed various degrees of protein aggregation. The highest
level was observed with AsRed2. Almost all astrocytes contained fluorescent particles of
about 1 um in size. Aggregation of DsRed1l in oligodendrocytes was more variable, in the
young brain (less than 2 weeks) almost no fluorescent particles were visible, while in the aged
brain (older than 1 year) oligodendroglial somata contained numerous DsRedl clusters.
HcRed1 clustering was also cell-type dependent: strong in Purkinje cells and less pronounced
in pyramidal cells. We observed aggregated RCFPs (including the monomeric DsRed variant
mRFP1) in all RCFP transgenic mouse lines. In all lines, protein precipitates increased with
age. In contrast, mice expressing variants of the jellyfish protein EGFP did never show
formation of aggregates. Interestingly, we have not yet detected obvious pathological
alterations of the brain. Conclusion: Although RCFPs have ideal spectral properties to be used
for cell-labeling in transgenic mice, the degree of protein precipitates of RCFPs limits their
use for morphological brain analysis.

For correspondence: kirchhoff@em.mpg.de
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CHARACTERIZATION OF TRANSGENIC MICE WITH EXPRESSION OF THE RED
FLUORESCENT PROTEIN mRFP UNDER THE HUMAN GFAP PROMOTER

A. Schuchardt, P.G. Pawlowski and F. Kirchhoff
Neurogenetics, Max Planck Institute of Experimental Medicine, Gottingen, Germany

Several recent studies analyzing the function of astrocytes in situ took advantage of transgenic
mice with human GFAP promoter-driven expression of the green fluorescent protein EGFP.
Here we describe new transgenic mouse lines in which astrocytes express mRFP (monomeric
red fluorescent protein). This variant of the reef coral protein DSRED has been generated by
substitution of several amino acids to reduce intrinsic protein aggregation. Transgenic
labelling of a cell with a red fluorescent protein offers the unique opportunity to use green
fluorescent calcium indicators simultaneously to study signaling in identified cell populations
in situ.

Expression of mRFP in astrocytes of the two transgenic mouse lines was characterized by
confocal laser scanning microscopy. Common to both lines was the specific labelling of
astrocytes in all regions of the brain such as cortex, hippocampus, striatum, brainstem and
cerebellum. Red fluorescent astrocytes were not only found in the gray matter as protoplasmic
type of astrocytes with contacts to blood vessels, but also in white matter tracts or as radial
glia (Bergmann glia of the cerebellum). In contrast, however, to expression of mRFP in
transiently transfected cell lines we do not observe a uniform expression throughout the
astroglial cytoplasm, but we rather see numerous mRFP precipitates. These precipitates
accumulate with age and show regional variations. Interestingly, we could not yet correlate
aggregate formation with the appearance of pathological alterations.

The two lines differ significantly in the number of labelled cells. This is particularly evident
in the cerebellum, where almost all the Bergmann glia cells express mRFP in one line, and
less than a quarter in the other.

To study astroglial network activity we loaded astrocytes in acutely isolated brain slices
obtained from early postnatal mice with the green calcium indicators Fluo4 or Fluo4-AM,
respectively. After both approaches, bulk loading with the membrane permeable
acetoxymethylester or dialysis via the patch pipette during whole-cell patch-clamp recordings,
clear calcium signals could be recorded from astrocytes labelled and identified by their
transgenic mRFP expression. Ongoing studies are performed to establish the TgN(GFAP-
mRFP) mice as a model system for the analysis of calcium signaling as a major pathway in
neuron-glia interaction.

For correspondence: kirchhoff@em.mpg.de
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Introductory Remarks to Symposium 12
Cellular and molecular control of vertebrate neurogenesis
Alexander von Holst, Bochum

During mammalian CNS development neurons and glial cells are generated from precursors
and/or neural stem cells. Neurons are born first in a highly orchestrated process called
neurogenesis. Over the last two or three years we have seen an exciting increase in the
understanding of the cell types that can give rise to neurons, identifying them as
neuroepithelial cells, radial glial cells and even astrocytes. It became apparent that cells of the
glial lineage are much more plastic than previously thought, contributing considerably to the
final neuron numbers. On the molecular level several transcription factors that control
neurogenesis and reflect regional specification have been identified. Much less well
understood are how regional differences and signalling events that control the birth of neurons
and the subtypes that they will ultimately give rise to, are integrated on a cellular level. Also,
the molecules defining the local neurogenic environment - the stem cell niche -and their
functions are only in the beginning of being elucidated.

The symposium intends to give a state of the art overview of the cellular processes leading to
the birth of neurons in the brain, and provide a framework for discussion how intrinsic
determinants and extracellular cues are integrated by neural stem cells. Wieland Huttner will
discuss symmetric and asymmetric modes of neuroepithelial cell division and how they are
linked to the birth of neurons. He will talk about the cell cycle control gene TI1S21 that has
allowed to label and monitor neuronal precursors in their last round of cell division leading to
the birth of postmitotic neurons. Magdalena Gétz will talk about her findings that radial glia
cells contribute to telencephalic neurogenesis. In addition to fate mapping of radial glia
progeny she will present data on the function of Pax6 and transcription factors of the bHLH-
family and how they might determine radial glia cell fate. Kenneth Campbell will discuss
neurogenesis in the context of axial patterning. He will introduce the nuclear orphan receptor
TIx and report the consequences of TIx-deficiency that lead to patterning defects, reduced
proliferation and altered neuronal development in the ventral telencephalon. He will also
speak about the genetic interaction of TIx with other transcription factors, for example Pax6.
The region specific expression of transcription factors (patterning) correlates with the region
specific differentiation of defined neuronal cell types. Ernest Arenas will talk about the
selective induction of dopaminergic neurons by astroglial cells of midbrain origin. He will
discuss candidate molecules secreted by astrocytes and the role of Wnt-family members in the
development of ventral midbrain dopaminergic neurons. Charles ffrench-Constant will
address the role of the extracellular matrix in neural stem cells. In particular he will discuss
the functional consequences of Tenascin-C deficiency and the importance of integrins in
neural stem cells. Alexander von Holst will present findings on the cellular specificity of
defined chondroitinsulfate proteoglycans identifying them as radial glia associated and, how
interference with them alters neural stem cell differentiation.

As many of the molecular and cellular players continue to be present in the neurogenic
regions of the adult brain, the topic of the symposium will be of considerable interest not only
to developmental neuroscientists but also to other researchers in the field of neuroscience.

#S12



Gottingen NWG Conference 2005

The cell biology of neurogenesis

Wieland B. Huttner, Alessio Attardo, Federico Calegari, Veronique Dubreuil, Lilla
Farkas, Jennifer Fish, Anna Grzyb, Christiane Haffner, Yoichi Kosodo, Katja
Langenfeld, Anne-Marie Marzesco, Davide De Pietri Tonelli.

Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany

Our group studies the cell biological mechanisms underlying the switch of
neuroepithelial (NE) cells from proliferation to neurogenesis in the mouse embryo
(1,2). Prior to, during, and as a consequence of, neurogenesis, NE cells down-
regulate a number of epithelial features (3,4). Expression of the anti-proliferative
gene TIS21 can be used as a tool to distinguish between proliferating and neuron-
generating NE cells (5). Time-lapse microscopy of neuron-generating divisions of
NE cells using transgenic mouse embryos expressing GFP under the control of the
TI1S21 promoter reveals the existence of a novel neuronal progenitor dividing at the
basal side of the neuroepithelium (6). We also investigate the role of cell cycle length
in determining the onset of neurogenesis (7). To study the distribution, during
mitosis, of cellular components in the context of the apico-basal axis of NE cells, we
focus on prominin-1, a pentaspan membrane protein sorted to the apical surface of
NE cells and specifically retained in plasma membrane protrusions (8-10). Prominin-
1 is associated with a novel, cholesterol-based lipid raft which is involved in
prominin's retention in microvilli (9). Using prominin-1 to define the apical surface
of NE cells, we investigate the symmetric vs. asymmetric distribution of the apical
plasma membrane during proliferating vs. neuron-generating divisions of NE cells
(11). Finally, we have developed a method to knock-down gene expression in NE
cells using RNA interference in the developing mouse embryo (12).

Huttner and Brand (1997) Curr. Opin. Neurobiol. 7, 29-39.

Wodarz and Huttner (2003) Mech. Dev. 120, 1297-1309.
Aaku-Saraste et al (1996) Dev. Biol. 180, 664-679.

Aaku-Saraste et al (1997) Mech. Dev. 69, 71-81.

lacopetti et al (1999) Proc. Natl. Acad. Sci. USA 96, 4639-4644.
Haubensak et al (2004) Proc Natl. Acad. Sci. USA 101, 3196-3201.
Calegari and Huttner (2003) J. Cell Sci. 116, 4947-4955.
Weigmann et al (1997) Proc. Natl. Acad. Sci. USA 94, 12425-12430.
Rdper et al (2000) Nature Cell Biol. 2, 582-592.

10. Corbeil et al (2001) Traffic 2, 82-91.

11. Kosodo et al (2004) EMBO J. 23, 2314-2324.

12. Calegari et al (2002) Proc. Natl. Acad. Sci. USA 99, 14236-14240.
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Glial cells generate neurons: Pax6 as neurogenic master regulator of neural stem cells

M. Go6tz, M. Hack, Benedikt Berninger and T. Mori, GSF, National Research Center for Environment and
Health, Institute for Stem Cell Research, Ingolstadterstr. 1, D-85764 Neuherberg/Munich, Germany

During development and in adulthood, neurons arise from multipotent precursors by hierarchical fate
restriction. Thus multipotent precursors generate precursors restricted to the generation of a single cell
type, e.g. neurons. The molecular cues regulating this transition, however, are not well understood. To
elucidate these fate determinants we have separated neurogenic versus non-neurogenic radial glial cells
by FACS and performed microarray analysis. This revealed a notable enrichment of Pax6 in neurogenic
and Olig2 in non-neurogenic radial glia. Retroviral vectors were then used to overexpress these candidate
genes or block their respective function as a transactivator by fusion to a repressor domain (Pax6-
engrailed) or as a repressor by fusion to an activator domain. These functional experiments were
performed in expanded neural stem cell cultures and astrocytes derived from non-neurogenic regions in
vitro, as well as in astrocytes of neurogenic and non-neurogenic regions in the adult brain in vivo. In all of
these systems, Pax6 was found to be a potent activator of neurogenesis, and proved to be even sufficient
to instruct astrocytes of the postnatal cortex in vivo towards the generation of neurons. We also found
Pax6 to be essential for adult neurogenesis of olfactory bulb interneurons in vivo, and gain-of-function
experiments revealed that Pax6 governs specifically the generation of dopaminergic neurons in the
periglomerular layer of the olfactory bulb. We could therefore identify Pax6 as the first fate determinant
for adult neurogenesis of dopaminergic neurons in the adult mammalian brain in vivo. In contrast, Olig2
performs a converse role driving adult neural stem cells towards the generation of oligodendrocytes and
GABAEergic granule cells. Taken together, these experiments identified crucial fate determinants that
allow us to direct adult astroglial cells towards specific neuronal phenotypes in vivo.

Heins, N., P. Malatesta, F. Cecconi, M. Nakafuku, K. L. Tucker, M. A. Hack, P. Chapouton, Y. Barde
and M. Gotz (2002) Generation of neurons from glial cells: the role of the transcription factor Pax6.
Nature Neuroscience 5, 308-315.

Malatesta, P., E. Hartfuss, M.A. Hack, W. Klinkert, F. Kirchhoff, H. Kettenmann and M.G6tz (2003).
Neuronal or glial progeny: regional differences in radial glial fate. Neuron 37: 751-764.
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Molecular mechanisms of embryonic and postnatal neurogenesis
in the mouse telencephalon
R.R. Waclaw, S. M. Bell, W.J. Scott, S.S. Potter and K. Campbell.
Division of Developmental Biology, Children's Hospital Research Foundation,
Cincinnati, OH 45229, USA

The lateral ganglionic eminence (LGE) is a known source of striatal projection neurons
and olfactory bulb interneurons. Recent studies have suggested the dorsal region of the
LGE (i.e. dLGE) gives rise to olfactory bulb (OB) interneurons at embryonic stages. We
have identified a novel marker of the dLGE during embryogenesis called Sp8. This gene
is also found in the subventricular zone (SVZ), rostral migratory stream and OB
interneurons at postnatal stages. Previous studies have shown that the dLGE is reduced
in Gsh2 mutants and expands dorsally in Pax6 mutants. In line with this, Sp8§ expression
is reduced in the Gish2 mutant LGE and ectopically expressed in the ventral pallium of
the Pax6 mutant. Consistent with the reduced size of the dLGE in the Gsh2 mutant, the
number of Sp§-expressing interneurons in the Gsh2 mutant OB is severely reduced. Sp§
encodes for a zinc finger transcription factor that has been shown to be required for
normal limb outgrowth and neural tube closure. Germline Sp8 mutants exhibit
exencepahly and therefore, it is not possible to study its requirement for OB interneuron
generation from the dLGE and SVZ of these mutants. To address this issue, we have
made a conditional knockout of Sp8§ restricted to the ventral telencephalon by mating
DIx5/6-cre-IRES-EGFP mice with floxed Sp§ mice. These conditional mutants, have
closed heads and form a grossly normal looking telencephalon with noticeably smaller
OBs. Preliminary studies show a severe reduction in the numbers of olfactory bulb
interneurons at perinatal stages. Interestingly, the number of OB projection neurons (i.e.
mitral and tufted cells) appears rather similar to the control brains. These findings point
to an important role for Sp& in the generation of OB interneurons from embryonic dLGE
and postnatal SVZ cells.
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Role of region specific glia in the induction of midbrain dopaminergic
neurons

Ernest Arenas.

Laboratory of Molecular Neurobiology, Department of Medical Biochemistry and
Biophysics, Karolinska Institute, Stockholm 17177, Sweden. (ernest.arenas@mbb.ki.se).

The development of mouse dopaminergic neurons (DNs) depends on the establishment
of adequate patterns of gene expression and on the acquisition of regional and cell type
specific identity by neural cells. Analysis of mutant mice have allowed to identify several
genes required for the development of the midbrain-hindbrain region and for the
development of midbrain DNs. The first category includes two genes in a common genetic
pathway, wntl and its receptor LRP-6. The second group includes genes expressed in
dopaminergic (DA) precursors and neurons, such as the orphan nuclear receptor, Nurrl,
and the homeobox genes, Lmx1b and Pitx3. Since Nurr-1 was found to be required for DN
development we examined whether Nurr-1 was also sufficient to induce a DA phenotype
in neural progenitor/stem cells. Interestingly we found that Nurrl was not sufficient to
induce a DA phenotype in neural stem cells (NSCs) and therefore examined whether VM
cells expressed a putative Nurr-1 ligand. Despite none of the signals derived from VM
cells regulated Nurr-1 mediated transactivation in reporter assays, we found that signals
derived from embryonic and neonatal ventral midbrain (VM) glia, including radial glia and
astrocytes, were required for the DA differentiation of Nurrl-expressing NSCs.
Interestingly cells from other stages or brain regions did not mimic that effect, and in the
absence of Nurr-1, the VM glial-derived signals did not induce the DA differentiation of
NSCs. These results suggested that the signals derived from the VM glia do not include a
Nurrl ligand and that these signals are required but not sufficient to induce the DA
differentiation of NSCs. We are currently working to identify the VM glial derived signals.
Following a candidate approach we examined the Wnt family of lipid-modified
glycoproteins. We found that some Whnts are developmentally regulated in the VM and
highly expressed by VM glial cells. We also found that DNs express Wnt receptors and
key signaling components. Moreover, administration of pure Wnts or activation of Wnt
signaling was found to regulate different aspects of DN development, including the
proliferation of DA precursors and their differentiation into DNs. We are currently
analyzing mice with mutations in different Wnts and Wnt signaling components to
determine their relative contribution to DN development in vivo. We are also performing
gene chip experiments and analyzing the proteome of pure glial cultures from VM and
cerebral cortex, to identify genes and proteins specifically expressed by VM cells during
the induction of DNs. The results obtained so far suggest a model in which the induction of
midbrain DNs requires the convergence of cell-autonomous signals, including the
expression of the nuclear orphan receptor Nurrl, and non cell-autonomous signals,
including Wnts and additional glial-derived factors. We think that the identification of such
signals will contribute to understand the role of glia in DA neurogenesis and to develop
stem cell replacement strategies for Parkinson’s disease.
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Regulation of neural stem cells by extracellular matrix

Lia Campos', Emmanuel Garcion', Aida Halilagic', Dino P Leone’, Joao Bettencourt
Relvas?, Cord Brakebusch’, Reinhard Fassler’, Ueli Suter’, Alexander von Holst",
Andreas Faissner® and Charles ffrench-Constant'.

'Depts of Pathology and Medical Genetics, University of Cambridge, Tennis Court
Road, Cambridge, CB2 1QP, UK. “Institute of Cell Biology, Department of Biology,
Swiss Federal Institute of Technology, ETH Honggerberg, CH-8093 Ziirich,
Switzerland. 3Department of Molecular Medicine, Max-Planck-Institut fur Biochemie,
Am Klopferspitz 18a, D-82152 Martinsried, Germany. ‘Ruhr-University Dept of Cell
Morphology and Molecular Neurobiology, Bochum, Germany.

We and others have shown that extracellular matrix (ECM) molecules, acting through
integrin cell surface receptors, provide temporal and spatial control of growth factor
signalling to committed precursor cells in the developing CNS [1]. Here we explore the
hypothesis that these integrin/growth factor interactions regulate neural stem cell
behaviour. In the embryonic CNS, these stem cells were found within a
microenvironment that contains the ECM molecule laminin alpha2 (a component of
laminin trimers 2, 4 and 12) [2]. In the adult CNS, laminin is also present in the stem cell
microenvironment as a result of basal lamina-like extensions from blood vessels termed
“fractones” [3, 4]. We have shown that neural stem cells express high levels of the
alpha6betal integrin, a laminin receptor, and that integrin signalling contributes to neural
stem cell maintenance, at least in part through the MAPK signalling pathway [2]. The
neural stem cell microenvironment (or “niche”) also contains high levels of another ECM
protein, tenascin-C. In contrast to laminin, this appears to promote neural stem cell
development as transgenic mice lacking tenascin-C show a delay in the acquisition of the
EGF receptor associated with the phase of gliogenesis in late embryonic and postnatal
development [5]. Together these results suggest that the ECM within the neural stem cell
niche provides significant and distinct instructive cues for stem cell maintenance and
differentiation.

This study was supported by the 5" framework EC grant number QLG3-CT-2000-30911,
the Wellcome Trust, DFG SPP-1109, the National Competence Center in Research
“Neural Plasticity and Repair” and the Swiss National Science Foundation.

1. ffrench-Constant, C. and H. Colognato, Integrins: versatile integrators of extracellular cues.
Trends in Cell Biology, 2004. in press.

2. Campos, L.S., et al., Betal integrins activate a MAPK signalling pathway in neural stem cells that
contributes to their maintenance. Development, 2004. 131(14): p. 3433-44.

3. Mercier, F., J.T. Kitasako, and G.I. Hatton, Anatomy of the brain neurogenic zones revisited:
fractones and the fibroblast/macrophage network. J Comp Neurol, 2002. 451(2): p. 170-88.

4. Alvarez-Buylla, A. and D.A. Lim, For the long run: maintaining germinal niches in the adult
brain. Neuron, 2004. 41(5): p. 683-6.

5. Garcion, E., et al., Generation of an environmental niche for neural stem cell development by the

extracellular matrix molecule tenascin C. Development, 2004. 131(14): p. 3423-32.
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CELLULAR AND FUNCTIONAL CHARACTERISATION OF CHONDROITINSULFATES DURING NEUROGENESIS
ALEXANDER VON HOLST, SWETLANA SIRKO & ANDREAS FAISSNER

Chair for Cell Morphology & Molecular Neurobiology, Ruhr-University Bochum
Correspondence: alexander.vonholst@rub.de; andreas.faissner@rub.de

Stem cells are present in many organs throughout the lifetime of an organism, where they
are required for the maintenance and homeostasis of most tissues. They are often slowly
dividing cells that are at the base of a lineage tree. Upon division the daughter cells either
remain stem cells or undergo lineage commitment, leading to terminally differentiated
cell types. This raises the fundamental question how stem cell residency is achieved,
which signals are required to control their proliferation and which signals lead to self-
renewing vs. differentiating stem cell divisions. It has become clear that stem cells reside
in a specialized environment generally referred to as stem cell niche, which consists of
several different cell types and contains a specialized microenvironment composed of
soluble factors, membrane bound molecules and extracellular matrix (ECM) components.
One ECM component present in the adult neural stem cell (NSC) niche, is the DSD-1
epitope recognized by the monoclonal antibody 473HD. It detects a complex mixture of
cell surface-associated chondroitinsulfate-glycosaminoglycan (CS-GAG) motifs that are
present on the proteoglycan gene products of the receptor protein tyrosine phosphatase
(RPTP)-beta gene. The DSD-1 epitope is also found in the ventricular and subventricular
zones of the brain, the developmental NSC niche. When we isolated 473HD-positive cells
by immunopanning and cultivated them under neurosphere forming conditions, we
observed an increase in the number of neurospheres compared to the non-selected cell
population at all stages examined. Under adherent conditions the 473HD-positive cells
formed largely neurons. This suggest that the DSD-1 epitope is associated with a
subpopulation of NSCs or presursors. Indeed, the 473HD-positive cells express markers of
radial glia cells, which are thought to act as NSCs during development. (see also poster
abstract by Sirko et al.)

To address the functional importance of CS-GAGs we are using GAG-lyases to remove
the CS-GAGs from the cell surface. We are currently investigating the functional
consequences of CS-GAG removal on neural stem cell behaviour in several cell biological

assays.

Supported by the DFG SPP 1109
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Regulation and function of miRNA in neural cell specification

F. Gregory Wulczyn, Lena Smirnova, Anja Graefe and Robert Nitsch

Center for Anatomy, Institute for Cell and Neurobiology, Charité University Hospital,
Schumannstrafle 20-21, 10098 Berlin Germany

We are investigating the role of miRNA in neural differentiation and CNS development.
We describe the temporal regulation of a set of major neural miRNA, including let-7, during
mouse brain development and in vitro differentiation of embryonic stem (ES) cells. Many of
the miRNA in our study displayed coordinate regulation, specified by differential regulation
of miRNA precursor processing. An in vitro processing assay revealed increased activity after
neural differentiation of ES cells and in primary neurons compared to astrocytes. Maturation
of a transfected miRNA transcript was also enhanced after neural differentiation of P19 cells.
Processing activity correlated with Fragile X Mental Retardation Protein (FMRP) levels. The
presence of FMRP in a neuron-specific miRNA binding complex could be demonstrated in an
antibody super-shift experiment. Consistent with lineage specificity in miRNA maturation, we
found strong differences in the miRNA expression repertoire between primary neurons and
astrocytes. Using reporter constructs designed for several neural miRNA, we demonstrate cell
specificity in miRNA-mediated mRNA suppression in primary cultures and during neural
differentiation of ES cells. We present a novel strategy for the investigation of miRNA
function: monitoring the effect of ectopic target site overexpression on ES cell differentiation.
Interference with either let-7 or mir-125 disrupted the quantitative specification of astrocyte

progenitors, implicating miRNA in neuronal lineage commitment.
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A large-scale enhancer detection screen for genesinvolved in vertebrateretinal development.

Mary A Laplante, Anna Zofia Komisarczuk, Hiroshi Kikuta, Julien Ghislain, Staale Ellingsen, Philippe
Mourrain, Birgit Adolf, Guillaume Pezeron, Annegret Lesslauer and Thomas S. Becker

Sars International Centre for Marine Biology, HIB, Thormoehlensgate 55, 5008 Bergen, Norway.

Biologie Moléculaire du Développement INSERM U368 Ecole Normale Supérieure 46 rue d'UIm, 75230
Paris cedex 05, France.

GSF-Research Center for Environment and Health Institute of Developmental Genetics Ingolstaedter
Landstrasse 1 D.85764 Neuherberg Germany.

ETH Zurich Institut fuer Hirnforschung Winterthurerstr. 190 CH-8057 Zuerich, Switzerland

In order to gain better understanding of the hierarchy of genes involved in early cell specification during
retinal development in the zebrafish, we have generated a YFP enhancer detection bank in zebrafish. F1
embryos carrying random insertions of a recombinant mouse retrovirus containing a minimal
promoter/YFP construct were scored for expression initially in the CNS and neural retina using a standard
fluorescent microscope and subsequently by immunohistochemistry using an antibody to YFP. This
approach allowed us to identify transgenic lines of fish expressing the reporter in various retinal
populations, including: i) early cycling retinal presursors ii) identified neurons and iii) radial glia and
possibly astrocytes. Sequencing of genomic DNA flanking the viral integration sites in these stable lines
followed by Blast search of the Sanger Institute zebrafish genome assembly has been performed revealing
candidate genes. A detailed analysis of the YFP expression profile of these lines will be presented along
with an in situ analysis of the candidate genes. Overall, our results highlight the potential of the enhancer
detection approach to study retinal cell development and function.
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The 5-HT receptors are involved in regulation of gene transcription and neuronal
morphology by activating the new signaling pathways

E. Ponimaskin', L. Kvachnina', G. Liu®, A. Dityatev’, M. Schachner’, D.W. Richter' and T. Voyno-
Yasenetskaya®

1 Abteilung Neuro- und Sinnesphysiologie, Physiologisches Institut, Universitit Gottingen,
Humboldtallee 23, D-37073 Gottingen, Germany. E-mail: evgeni@ukps.gwdg.de

2 Department of Pharmacology, University of Illinois, Illinois 60612, Chicago, USA

3 Zentrum fiir Molekulare Neurobiologie, University of Hamburg, Martinistr. 52, D-20246 Hamburg,
Germany

Serotonin (5-hydroxytryptamine or 5-HT) is an important neurotransmitter involved in a wide
range of central and peripheral physiological functions. A number of different G-protein
coupled 5-HT receptors are known to sensitively modify different neuronal networks by their
specific action on synaptic transmission and postsynaptic excitability. Here we show for the
first time that the 5-HT4 receptor is coupled not only to the heterotrimeric Gs, but also to G13
protein. Activation of this signaling pathway results in RhoA-mediated modulation of gene
transcription and in reorganization of the actin cytoskeleton. We also demonstrated that
serotonin receptor 5-HT7 can activate heterotrimeric G12 protein, leading to the selective
activation of small GTPases RhoA and Cdc42. Agonist-dependent activation of the 5-HT7
receptor induced pronounced filopodia formation via a Cdc42-mediated pathway paralleled
by RhoA-dependent cell rounding. Analysis of mouse hippocampal neurons demonstrated that
activation of the endogenous 5-HT7 receptors significantly increased neurite length, whereas
stimulation of the endogenous 5-HT4 receptors lead to a pronounced decrease in the length
and number of neurites. These data demonstrate distinct roles for the 5-HT7R/G12 and 5-
HT4R/G13 signaling pathways in the neurite outgrowth and retraction, and also suggest that
serotonin plays a prominent role in regulating the neuronal cyto-architecture in addition to its
classical role as neurotransmitter. From a more general cell biological point of view our study
demonstrates that functional co-existence of 5-HT;R/G12 and 5-HT4R/G13 signaling
pathways in neurons may provide a molecular link between the serotonin, which operates as
an extracellular guidance factor, and the Rho GTPases machinery, controlling neuronal
morphology and motility.
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Cholinesterases and development of the avian pineal gland

Karla Viviani Allebrandt and Paul G Layer
Institute of Zoology, Darmstadt University of Technology
e-mail: allebrandt@bio.tu-darmstadt.de

The avian pineal consists of pinealocytes, supportive cells and nerve cells. It is a
photosensory/endocrine organ and its structure resembles the retina of the eye. The pineal
organ is responsible for the control of physiological functions that follow a circadian rhythm,
like sleep and awake cycles. The circadian organisation is modulated by the pineal’s
melatonin production, affected by the stimulus of light perceived by the retina. Though
structurally similar, retina and pineal differ in relation to acetylcholinesterase (AChE)
activity; distributed on amacrine and ganglion cells of the retina and on the inner segments of
the photoreceptors on the pineal (1). The cholinesterases (ChEs) are not restricted to
cholinergic innervated tissues. Their structure similarity to other proteins, including
precursors of hormones and cell adhesion factors, suggest they may have non-cholinergic or
non-enzymatic functions. To investigate the physiological role of cholinesterases in the pineal
organ we first localised hystochemically their expression during development of the chicken
embryo.

BChE expression precedes AChE in specific structures of the pineal during development. The
pineal gland appears outlined on the roof of the third ventricle by E3 and grows intensively
till E12, when a differentiation between structural zones can be seen. It is also the time point
when BChE activity diminishes and AChE starts to increase drastically, till E21. The
intensive and clear pattern of cholinesterases activities is co-localised to the photoreceptors
position in the adult pineal. The early onset of BChE is suggested to be related to cell
proliferation and the appearance of AChE to cell differentiation. Mitotic and cell
differentiation markers are being used to address the critical shift of BChE to AChE
expression. Initial results showed that the distribution of the proliferating cell nuclear antigen
PCNA-immunoreactive cells correlate with BChE activity. In addition, BrdU has been also
used as a proliferation marker. The differentiation of photoreceptors and its relation to AChE
expression has been investigated. Eventually, the association of AChE with morphogenetic
processes in the pineal will be elucidated.

1) Wake K, Ueck M, Oksche A. Cell. Tissue Res. 1974;154(4):423-42.
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ROLE OF NOVEL TRANSCRIPTION FACTOR STIX IN THE DEVELOPMENT OF

CEREBRAL CORTEX

Olga Britanova, Sergey Akopo¥ Sergey Lukyandy Peter Grussand Victor
Tarabykirt".

Department of Molecular Biology of Neuronal Signdidax-Planck Institute for Experimental
Medicine, 37075 Goettingen, Germany

Shemiakin and Ovchinnikov Institute of Bioorganibemnistry RAS, Miklukho-Maklaya 16/10,
117871 Moscow, Russfa

Department of Molecular Cell Biology, Max-Planckstitute for Biophysical Chemistry, 37077
Goettingen, Germany

"Corresponding author: vtaraby@gwdg.de

ABSTRACT

SATBL is a first cell type-specific transcriptionctar of a novel type that functions as a regulator
the transcription of large chromatin domains. Wentified a close homologue &ATB1, Six in a
cDNA subtraction screening in a search for genastraliing development of cerebral cortex. It
showed 61% of homology to SATB1 at aminoacid le@ltb2 and Stix expression was detected in
different cell subpopulations of developing mous®SCin a mutually exclusive manner. In the
electrophoretic mobility shift assay we demonstritat nuclear extracts from the E18.5 mouse
developing neocortex, in contrast to basal ganglistain a protein complex interacting with matrix
attachment region DNA elements (MARs) with highiraf§. Endogenous Stix protein is a part of this
complex.

In order to investigate the role 8fix in the development of cerebral cortex we have pced mouse
mutants where expression of the gene was alteredthis task two genetic approaches: “loss-of-
function” and “gain-of-function” have been employdebr the first approach a mouse line with the
targeted deletion oftix gene has been generated. For the second apps®ahal transgenic lines
expressinglix gene ectopically have been produced. Both “losfsHoction” and “gain-of-function”
animals demonstrate morphological abnormalitiebéndeveloping cortex.

Our data suggest that Stix may regulate differéintiaof subsets of cortical neurons at the level of

higher order chromatin structure via binding to nixaattachment region DNA elements (MARS).
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Therole of the Homeodomain transcriptions factors Meisl and Meis2 during early
development of the vertebrateretina.

Peer Heine, Keely Bumsted o’Brien® and Dorothea Schulte”

Max Planck Institut fir Hirnforschung
Deutschordenstr. 46, 60528 Frankfurt am Main

!present address: Department of Optometry and Vision Science, University of Auckland,
Private bag 92019, Auckland, New Zealand

“corresponding author: phone: ++49-69-96769-335
fax: ++49-69-96769-206
email: schulte@mpih-frankfurt.mpg.de

During embryogenesis, ectodermally derived stem cells give rise to all neurons of the verte-
brate central nervous system. As development proceeds, proliferation of these cells needs to
be tightly controlled and balanced with differentiation. Proliferation has be to terminated and
differentiation has to begin at the correct times and locations in the central nervous system to
ensure that all cell types are generated at the right time, in the right relative rations and at their
proper location in the nervous system. Studies of cell fate determination in the neural retina
have uncovered several mechanisms and a multitude of molecules that act together to achieve
this task.

Here we describe the expression of two members of the TALE-class of Homeodomain
transcription factors, Meisl and Meis2, during vertebrate eye development. Both proteins are
related to homothorax (hth) of Drosophila melanogaster, which plays an important role during
the development of the fly compound eye. In the fly eye imaginal disc, hth is restricted to
uncommitted, ‘stem cell like’ progenitor cells anterior to the morphogenetic furrow, where it
promotes cell proliferation and blocks expression of later acting factors in the eye
development cascade acting together with the Pax6 homolog eyeless (ey) and the zinc-finger
transcription factor teashirt (tsh) (1).

As we show here, expression of the hth related proteins Meisl and Meis2 is also restricted to
retinal progenitor cells during early eye development. Like hth during invertebrate eye
development, expression of both proteins begins to decline as soon as the first retinal neurons
are born. Moreover, by retroviral misexpression of Meis2 or a dominant negative form, we
found similarities in the function and regulation of Meis2 and hth in vertebrate and

invertebrate eye development respectively.

(1) Bessa et al., (2002), Genes & Development 16 : 2415-2427
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Use of two-photon fluorescence microscopy to study neuronal calcium
signalling in brain slices and in the intact brain

Rafael Kurtz and Jack Waters, Bielefeld and Heidelberg

Less than 15 years after its inception, two-photon laser scanning fluorescence microscopy has
become established as an invaluable tool in neuroscience. The aim of this symposium is to
present and critically discuss advantages and limitations of two-photon techniques in the
study of neuronal calcium dynamics. One major focus of this symposium is on in vivo
applications, since two-photon techniques have revolutionized studies in the intact brain,

allowing deep imaging over extended periods of time.

The symposium will be opened by Fritjof Helmchen, who will introduce the fundamental
principles of two-photon microscopy and discuss some recent technical developments. These
include fiberoptic-based miniaturized microscopes, mounted on the head of freely moving
rodents. In the second talk Jack Waters will demonstrate the use of two-photon calcium
imaging in the cortex of anaesthetized rats to elucidate how ongoing synaptic activity in
pyramidal neurons shapes intracellular signal propagation. He will show that action potential
backpropagation and the resulting calcium influx, major computational features of pyramidal
cells in slice preparations, are also present during states of high synaptic input in in vivo.
Rafael Kurtz will then illustrate the use of multi-line two-photon microscopy to study calcium
dynamics in the fly visual system. This technique utilizes a beam splitter to allow
simultaneous imaging in multiple locations. Thomas Oertner will focus on the role of synaptic
plasticity-related proteins in dendritic spines. By measuring protein concentration and
postsynaptic calcium transients, he will address the question of cooperativity between
neighboring synapses. The symposium will be closed by Olga Garaschuk, who will present a
method for in in vivo functional imaging of neuronal networks. She will discuss approaches to
monitor calcium levels in non-anaesthetized animals and illustrate the applicability of these
techniques by showing that large-scale spontaneous calcium waves can be monitored in

behaving newborn mice.
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In vivo calcium imaging of endogenous brain rhythms

O. Garaschuk, H. Adelsberger and A. Konnerth
Institut fir Physiologie, Universitat Mlnchen

Endogenous rhythms are present in the mammalian brain throughout the entire life, but their
roles and mechanisms of their generation remain unclear. To characterize endogenous brain
rhythms in the mouse cortex we developed an approach for direct monitoring of network
activity in vivo. Large populations of neurons and glial cells were stained with the membrane-
permeant acetoxymethyl (AM)-ester form of a Ca®" indicator dye, which was delivered
locally from a micropipette. Good staining was obtained with the large spectrum of indicators,
including Calcium Green-1 AM, Fura-2 AM, Fluo-4 AM, Indo-1 AM thus allowing hundreds
of individual cells (located up to 300 um below the cortical surface) to be visualized by means
of two-photon microscopy. We applied the technique in newborn mice to monitor early
network oscillations (ENOs), a kind of large-scale spontaneous Ca?* waves initially found by
our group in rat cortical slices. In vivo, however, ENOs were entirely blocked by anesthetics
like isoflurane and urethane. For recordings in non-anaesthetized animals, an optical fiber was
implanted into the stained area of the cortex. The fiber was used both for the excitation of the
dye and for the collection of emitted light. In behaving mice ENOs occurred at a frequency of
3-10 per minute and were strikingly similar to their counterparts found in in vitro cortical
slices. A combined in vivo/in vitro analysis performed in the same brains showed that ENOs
involve 95% of cortical neurons, depend on glutamatergic synaptic transmission, require
action potential firing and spread with a mean speed of 7 mm/s. A motion analysis showed
that ENOs occur mainly during the periodically recurring resting states that are characteristic
for early stages of postnatal development. Thus, our results suggest that in newborns, Ca*
dependent cortical maturation takes place predominantly during the intermittent sleep-like
resting periods. Further, they provide versatile techniques for monitoring activity of neuronal
ensembles in vivo, in anaesthetized as well as behaving animals.
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Activity-dependent changes in protein concentration

in dendritic spines
Yan-Ping Zhang & Thomas G. Oertner

Friedrich Miescher Institute of the Novartis Research Foundation,

Basel, Switzerland

Long-term potentiation (LTP) in the CA1 region béthippocampus is dependent on
NMDA receptor activation. Downstream of NMDA recepsignaling, the activation of
a-calcium-calmodulin-dependent protein kinasealC&MKII) is both necessary and
sufficient for the induction of this form of LTP.yibamic translocation aiCaMKII
following the activation of NMDA receptors has bedemonstrated in dissociated
hippocampal cultures and in intact zebrafish. has clear, however, how threshold, time
course and specificity @CaMKII translocation are related to the inductidrplasticity

at individual synapses.

To investigate activity-dependem€CaMKI|
translocation, we co-transfected pyramidal cells
in hippocampal slice cultures wittCaMKII-

GFP and RFP by particle-mediated gene transfer.
Using two-photon laser scanning microscojy; (
=980 nm), we could quantify the fluorescence in
individual spines over extended periods of time
(>2 h) without significant bleaching. At each time
point, we acquired 3D datasets at high resolution
to exclude measurement errors due to spine
motility or focal drift. The ratio obiCaMKII-GFP
Figure 1: Detail of a CAl pyramidal cell {5 RFP fluorescence intensity (G/R) was used as a
dendrite. Color-coded ratio of green/red .

fluorescence reveals dlevated CaM K 1 volume-independent measurecdaMKII
concentration in spine heads. concentration (Fig.1).

The concentration aiCaMKII in spines and dendrites was stable over timaer
baseline conditions (34°C), but highly variablevietn different spines.
Electrophysiological recordings of neighboring reng were used in parallel to the
optical measurements to assess changes in sysaptigth induced by different
stimulation protocols. Bath application of L-glutata or high K (30s) led to rapid
translocation oblCaMKII-GFP to the spine heads. Presently, we anepesing
aCaMKIl concentration changes in spines during pidéon and depotentation
protocols using local electrical stimulation.
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Two-PHOTON MICROSCOPY: STANDARD AND FIBER-OPTIC APPROACHES
Fritjof Helmchen

Abteilung Zellphysiolgie, Max-Planck-Institut fir medizinische Forschung,
Jahnstr. 29, 69120 Heidelberg, Germany

Two-photon laser scanning microscopy [1] is exceptionally well suited for fluorescence imaging
several hundred microns deep inside intact biological tissue, enabling for example functional
imaging of neuronal activity in the living brain. In this talk I will give an introduction to the
fundamental principles of two-photon microscopy and present an overview of the current status
in the field. The various technological approaches to implement laser scanning in standard
microscopes will be summarized and the current limitations in terms of scanning speed and depth
penetration will be discussed. These issues will be illustrated by examples from in vivo two-
photon imaging in the neocortex of anesthetized rodents.

To extend high-resolution optical imaging to awake, freely behaving animals, small and
flexible microscopes are required [2]. Microscope miniaturization necessitates efficient two-
photon excitation through an optical fiber, which will be discussed in the second part of the talk.
A major problem of this approach has been the temporal broadening of femtosecond laser pulses
due to material dispersion and non-linearities in the glass fiber, which markedly reduces the
efficacy of two-photon fluorescence excitation. A solution to this problem is offered by a new
type of optical fiber, so-called photonic crystal fibers (PCFs), which can be designed to propagate
light in a hollow air core [3]. This greatly reduces the impact of the bulk material properties and
permits distortion-free delivery of femtosecond pulses through PCF fibers [4]. The hollow core
fiber thus is excellently suited for fiber-optic two-photon-excited fluorescence microscopy. We
have incorporated it in a miniaturized microscope and demonstrate in vivo cellular imaging in the
intact neocortex of adult rats.

Finally, I will discuss a different approach to miniaturize two-photon microscopes, which
makes use of thin optical fiber bundles in combination with gradient-index (GRIN) lenses that
can be endoscopically inserted in deep brain regions [5]. In this case, a standard microscope is
used for laser scanning. First fluorescence images taken in the intact rat brain using a two-photon
fiber-bundle microscope will be presented [6].

References
[1] W. Denk, J. H. Strickler, and W. W. Webb, "Two-photon laser scanning fluorescence microscopy," Science 248, 73-76 (1990).
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[4] W. Gobel, A. Nimmerjahn, and F. Helmchen, "Distortion-free delivery of nanojoule femtosecond pulses from a Ti:sapphire laser through a
hollow-core photonic crystal fiber", Opt. Lett. 29, 1285 (2004).
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Imaging action potential back propagation in anaesthetized and in awakerats

Jack Waters
Abteilung Zellphysiologie, MPI Heidelberg
and
Department of Physiology, The Feinberg School of Medicine
Northwestern University, Chicago

In many neurones, action potentials initiate in the axon initial segment and propagate both
forwards along the axon and backwards into the dendritic tree. The back propagating action
potential provides a retrograde signal to the sites of synaptic input, distributing information about
the recent firing activity of the neuron. In the dendrites, back propagating action potentials (and
other active dendritic phenomena such as dendritic spike initiation) activate voltage-gated
channels, including calcium channels. Dendritic calcium imaging is therefore useful for studying
action potential back propagation, particularly where direct dendritic recordings are not feasible,
such as in anaesthetized and awake rats.

To date, active dendritic properties have been studied almost exclusively in slice preparations,
where background synaptic activity is minimal. In contrast, in the intact brain (in both
anaesthetized and awake animals) neurons are subjected to substantial spontaneous and evoked
synaptic activity, which necessarily activate sand/or inactivates dendritic channels. As action
potential back propagation is supported by dendritic channels, back propagation cannot occur if
channels are unavailable. Synaptic activity can therefore modulate and could potentially
eliminate back propagation in vivo.

Do action potentials back propagate in vivo? To answer this question, | have been studying action
potential initiation and back propagation in the dendrites of layer2/3 neocortical pyramidal
neurons in vivo using calcium imaging techniques.2-photon imaging is essential for these
experiments, allowing the experimenter to monitor back propagation far deeper (up to~500 um)
into the brain than with conventional imaging techniques.

I will show that back propagation occurs in the anaesthetized rat, much as it does in slice
preparations. Under urethane anaesthesia, cortical neurons periodically receive bursts of synaptic
activity which drive the membrane potential into a depolarized “up’ state. During up states, action
potential back propagation is slightly enhanced. Hence rather than inhibiting back propagation,
spontaneous synaptic activity slightly enhances it, favouring0 the spread of action potentials
further into the dendritic tree.

I will also show that back propagation occurs in the awake rat, where both spontaneous and
evoked calcium transients are visible throughout much of the dendritic tree. Hence active
dendritic properties, such as action potential back propagation, persist in the awake animal, where
they almost certainly play important roles in the integration of synaptic input.
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In vivo multiline two-photon microscopy of calcium dynamics in the

visual system of the fly

Rafael Kurtz

Neurobiologie, Fakultat Biologie, Universitdt Bielefeld, Postfach 100131, D-33501 Bielefeld, Germany
e-mail: rafael.kurtz@uni-bielefeld.de

The investigation of dynamic processes in single nerve cells and in neuronal circuits often
requires imaging of neural activity and its correlates with high temporal and spatial
resolution. In conventional wide-field fluorescence microscopy of intact tissue spatial
resolution is affected considerably by light scattering. Temporal resolution is limited by the
time needed to acquire two-dimensional images. Laser-scanning fluorescence techniques,
in particular two-photon laser scanning microscopy (TPLSM), can provide a better spatial
resolution than conventional imaging and allows three-dimensional reconstructions based
on series images at different focal planes. Imaging speed can be raised to the kHz-level with
laser microscopy, but only in line scans, i.e. when the laser is scanned repeatedly along a
single axis. In contrast, scanning entire images or even image stacks in the z-plane is as
time-consuming as conventional imaging. This bears considerable problems, because it is
often required to compare functional signals from several neuronal structures, which cannot
be covered entirely by a single scan line.

In TPLSM, an elegant solution to this problem is to split the single excitation laser beam
into multiple beams, in order to illuminate several points in the sample simultaneously.
Laser scanning can then be performed along several lines in the focal plane at the same
speed as single-line scanning. Numerous cellular structures, which are far apart from each
other, can thus be imaged simultaneously at a high rate. By means of a mirror-based
beamsplitter a matrix of up to 64 unitary beams is generated and directed to the sample via
the scan mirrors and the optics of the microscope’. Through the use of a highly sensitive
electron-multiplying CCD camera as a detector, descanning and isolation of the
fluorescence emitted from individual laser foci is not required, as would be the case when
using an array of conventional photomultiplier tubes or avalanche photodiodes®.

One drawback of our detection scheme is, however, that spatial resolution may be
compromised by the pixel size of the CCD and by scattering of emitted fluorescence light
on its way from the laser foci inside the sample to the detector. In this talk, the new
multiline laser-scanning principle will therefore be critically evaluated with respect to in
vivo imaging of calcium concentration changes in single visual motion-sensitive neurons of
the fly (Calliphora vicina)®. Some of these neurons receive motion information from a large
part of the fly's visual surroundings. Their dendrites are retinotopically organized and local
visual stimulation leads to calcium accumulation, which remains spatially restricted to the
corresponding dendritic subarea. Hence, high-resolution imaging of dendritic calcium
signals sheds light on the receptive field characteristics and the integration properties of
these neurons. Moreover, the study of presynaptic calcium signalling may benefit from the
new technique's ability to perform fast imaging over extended areas”.

References:
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4 Kurtz R, Warzecha AK, Egelhaaf M. J Neurosci, 21 (2001) 6957-6966.

#S13-5



#3514

#314-1

#314-2

#314-3

#314-4

#314-5

#314-6

#1B

#2B

#3B

Gottingen NWG Conference 2005

Symposium #S14:
Neuronal injury and infection
R. Nau and W. Brick, Goéttingen

I ntroduction

R. Nau and W. Briick, Géttingen
Neuronal injury and infection

Slide

TJ. Mitchell, Glasgow (UK)
The action of pneumolysin and other bacterial haemolysins on immune cells and neurons

JR. Weber, Berlin
Innate sensors for Gram-positive and Gram-negative bacteria

M. Stagi, N. Frank, P. Gorlovoi and H. Neumann, Gottingen
Cytotoxic effects of microglia on neurons

G. Stuchbury, J. Webster, A. Huber, K. Berbaum and G. Minch, Townsville (AUS)
Neur o-inflammatory processes in Alzheimers disease

VH. Perry, Southampton (UK)
The impact of systemic inflammation on the progression of neurodegener ative disease.

R. Nau, Géttingen
Strategies aiming at minimizing the liberation of proinflammatory and toxic products
from pathogens during the treatment of infections

Poster

S. Muller-Rover, K. Warnke, F. Siebenhaar, S. Sallach, G. Goelz, C. Brandt, M. Maurer
and R. Nitsch, Berlin
MAST CELL INFLUENCE ON AXONAL OUTGROWTH AND NEURONAL INJURY

A-S. Michal, G. Orit, R. Ram and T. Oren, Jersualem (IL)
Inhibition of MNSOD Expression as a mechanism for glutamate-induced death in HT4
neuronal cells

U-K. Hanisch and T. Méller, Berlin and Gattingen
THE MICROGLIA-ACTIVATING POTENTIAL OF THROMBIN



Gottingen NWG Conference 2005

#4B D. Stojkov, I. Lavrnja, S. Pekovic, S. Subasic, S. Jovanovic, M. Mostarica-Stojkovic, S.
Stosic-Grujicic, N. Nedeljkovic, Lj. Rakic and M. Stojiljkovic, Belgrade (YU)
Attenuation of Experimental Autoimmune Encephalomyelitis clinical signs by combined
therapy of ribavirin and tiazofurin

#5B M. Hosseini, C. Koester-Patzlaff, J. Chowdhury, S. Grebenshchikova and B. Reuss,
Gottingen
Expression profiling for regulators of adult neurogenesis in dentate gyrus and
cerebellum of Borna disease virus infected rats

#6B E. Koutsilieri, S. Czub, C. Scheller, S. Sopper, E. Grunblatt, G. Gosztonyi, V. ter Meulen
and P. Riederer, Wirzburg and Berlin
Dopamine accel erates progression of HIV-dementia

#7B S. Michalak, Poznan (PL)
The effect of tumor necrosis factor, interleukin-1 and interleukin-6 on the expression of
heat shock protein 70 in the central nervous system.

#3B A. Spreer, J. Gerber, M. Hanssen, P. Lange, H. Eiffert and R. Nau, Gottingen
Adjuvant therapy with dexamethasone increases neuronal apoptotic cell death in the
dentate gyrus in experimental Escherichia-coli-meningitis

#9B L. Dreesmann, M. Lietz, S. Oberhoffner, A. Ullrich, M. Dauner and B. Schlosshauer,
Reutlingen and Denkendorf
MICRO TISSUE ENGINEERING: NEURON-, GLIA-, AND FIBROBLAST CELL
INTERACTIONSIN POLYMER-BASED NERVE GUIDES

#10B J. Sellner, DN. Médli, D. Grandgirard, B. Storch-Hagenlocher, U. Meyding-Lamade and
SL. Leib, Berne (CH) and Heidelberg
Hydroxyproline as a marker for collagenolytic activity in neuroinflammatory disorders

#11B J. Sellner, F. Dvorak, Y. Zhou, S. Strand, PR. Galle and U. Meyding-Lamade, Berne
(CH), Heidelberg and Mainz
Involvment of FasL(CD95L) and Perforin mediated apoptosis in the pathogenesis of
Herpers-simplex Virus Encephalitis



Gottingen NWG Conference 2005

Introductory Remarks to Symposium 14
Neuronal injury and infection
Roland Nau and Wolfgang Brick, Goéttingen

In central nervous system infections, death and long-term neurologic sequelae can be caused
by 1.) the host’s systemic inflammatory response leading to leukocyte extravasation,
vasculitis, brain edema and secondary ischemia, 2.) stimulation of resident microglia within
the central nervous system by bacterial compounds and 3.) direct toxicity of bacterial
compounds on neurons. Autoimmune diseases of the central nervous system can be induced
or aggravated by extracerebral infections. Moreover, the progression of neurodegenerative

diseases appears to be accelerated by extracerebral infections.

The symposium will cover the different mechanisms, how infectious agents can affect the
central nervous system either directly or by stimulating the host’s immune reaction. Particular
emphasis will be placed upon the innate immunity. Approaches to counteract pathogen-

mediated neuronal injury will be discussed.
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The action of pneumolysin and other bacterial haemolysins on immune cells and
neurons

Tim J. Mitchell

Division of Infection and Immunity, Joseph Black Building, Institute of biomedical
and Life Sciences, University of Glasgow, Glasgow, G12 8QQ, United Kingdom.
T.Mitchell@bio.gla.ac.uk

Pneumolysin (PLY) is a member of the family of cholesterol-dependent pore
forming cytolysins produced by several genera of Gram-positive bacteria. This family
of toxins have several activities on eukaryotic cells. At high concentrations they cause
cell lysis of all eukaroyotic cells which contain cholesterol in their membranes. At
lower concentrations the toxin can have other effects and has been shown to affect the
production of pro-inflammatory mediators such as TNF, IL-1 and IL-6. The toxin can
stimulate nitric oxide production from macrophages as well as increased transcription
of the genes for COX-2. Pneumolysin may act as a general activator of macrophages
possibly through activation of NF-kB. Interaction of the toxin with neutrophils causes
increased production of superoxide, increased production of elastase, increased
expression of beta-2 integrins and increased production of prostaglandin E, and
leukotriene B,. Cell recruitment may also be affected by the toxin as it can promote I1-
8 secretion from neutrophils. The effects of pneumolysin on macrophages may also
involve an interaction with Toll-like receptor 4 (TLR4) as the stimulation of
macrophages to produce TNF and IL-6 is dependent on the cytoplasmic TLR-adaptor
molecule, myeloid differentiation factor 88 (MyD88), and macrophages from mice
with the targeted deletion of MyD88 did not respond to PLY.

The contribution of pneumolysin to apoptosis has also been investigated in a
range of cell types. The toxin induces mainly necrosis in neutrophils. Use of a
pneumolysin-negative mutant of Streptococcus pneunoniae has shown that PLY
contributes to macrophage apoptosis induced by whole bacteria. Using cells of
cerebral origin as a model of blood-brain barrier has shown that much of the damage
induced in these cells by the pneumococcus is due to PLY. The damage induced by
the toxin was dependent on protein synthesis, tyrosine phosphorylation and caspase
activity.

The most detailed studies of the role of PLY in apoptosis have been done in
neuronal tissues. PLY can induce an apoptosis-inducing factor (AIF)-dependent form
of apoptosis. PLY induces the increase of intracellular calcium levels and release of
AIF from mitochondria in primary rat neurons. The apoptotic effect could be blocked
by chelation of calcium. An effect of PLY on calcium levels has also been
demonstrated in neuroblastoma cells, in which purified PLY was shown to induce
apoptosis in a calcium-dependent manner. The apoptotic effect in these cells involved
mitogen-activated protein kinase p38.

The details of these effects of PLY activity on cells will be discussed and
compared with other bacterial haemolysins.
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Innate sensors for Gram-positive and Gram-negative bacteria

Joerg R. Weber, Department of Neurology, Charité — Universitaetsmedizin Berlin

Invasive bacterial infections of the CNS generate some of the most powerful inflammatory
responses known in medicine. Although the components of bacterial cell surface are now
chemically defined in exquisite detail and the interaction with the toll-like receptor pathway
has been discovered, it is only very recently that definitive studies combining these
advanced biochemical and cell biological tools have been done.

The blood brain barrier separates the brain very effectively from the systemic circulation and
bacteria have to invade over this protective barrier. Before receptor mediated signaling
events come into play soluble general recognition molecules such as CD14 or LPS binding
protein may sense and augment the effect of bacterial cell wall components and direct them
towards intra- and extracellular receptors. The inflammatory activation caused by these
events is the prerequisite for further bacterial invasion. These steps happen well before any
bacterial components interact with the powerful immune cells of the brain e.g. microglia and
astrocytes.

This presentation will cover recent sentinel studies that go a long way toward settling the
controversies that surround the process by which Gram positive and Gram negative

bacterial surfaces and metabolites trigger the immune system of the brain.
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Cytotoxic effects of microglia on neurons
Massimiliano Stagi, Nadja Frank, Philippe Gorlovoi, Harald Neumann

Neuroimmunology Unit, European Neuroscience | nstitute Goettingen,
Germany

Neuronal and axonal injury are early signs of inflammatory brain diseases, but the
exact molecular mechanism is unclear. Activated microglial cells releasing
inflammatory mediators and cytokines are observed in close proximity to dystrophic
neurites. Confocal microscopy was performed to study the interaction between
microglia and neurons. Particularly, axonal transport of vesicle precursors,
mitochondria and changes of axonal cytoskeleton associated proteins were studied
in transfected cultured hippocampal neurons.

Microglia, pre-stimulated by inflammatory cytokines to produce nitric oxide (NO)
and tumor necrosis factor-alpha (TNF-alpha), focally suppressed the axonal motility
of synaptophysin-EGFP at the contact point. Direct application of TNF-alpha or a
short-term NO donor to cultured hippocampal neurons inhibited axonal motility of
synaptophysin-EGFP within 10 minutes. Inhibition of axonal transport by this
inflammatory mediator significantly increased the immobile fraction of
synaptophysin-EGFP and was dependent on phosphorylation of c-jun NH(2)-
terminal kinase (JNK). TNF-alpha stimulated phosphorylation of JNK in axons and
blockade of synaptophysin-EGFP transport by TNF-alpha treatment was reverted by
the JNK inhibitor SP600125.

Production and release of inflammatory mediators by activated microglial cells
inhibit axonal transport of synaptic vesicle precursor via phosphorylation of JNK.
Prolonged inhibition of axonal transport by inflammatory mediators may cause
axonal dysfunction and injury in neuroinflammatory diseases.
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Neuro-inflammatory processes in Alzheimer's disease

Grant Stuchbury, Julie Webster,Anke Huber, Katrin Berbaum, Gerald Minch
Dept of Biochemistry & Molecular Biology, James Cook Universiigywnsville 4811
Australia, Email:Gerald.Muench@jcu.edu.au

One of the many possible causes of AD is a chronic inflammatory response,
which is most pronounced in the vicinity afmyloid plagues. Involvement of the immune
system in the pathogenesis of AD is evident both by the presence of complement proteins
in diseased tissue and by the activation of micro-amtbglia, as well as the release of
pro-inflammatory cytokines. Thesecytokines are important modulators of brain
inflammation and accumulated evidence suggests that many occur at abnormal levels in
brain regions affected by disease or injury.

It is widely accepted that treemyloid plaque is the center glial activation and
chronic inflammation in AD. Since the majproteinaceous component of taenyloid
deposits is amyloid peptide (B), it has been proposed to be the méajaucer ofglial
activation. However, miceverexpressing betamyloid peptide do not present the full set
of inflammatory markers as human Alzheimer’s patients indicating that human plaques
contain a further inflammatory stimulus.

These “extra” age-relategroinflammatory stimuli are 'Advancelycation
EndproductsAGESs)', which form by the reaction of lysine aardinine with
oxidation products of sugars. The effectAddEs as pro-inflammatoriigands was first
discovered irhemodialysis-associatemyloidosis.32-microglobulin f2M), the major
protein in these deposits, is modified WAKGES. In this case, AGE-modified, but not the
unmodified 32M, was shown to induce IL-6 from human macrophages. AGE-modified
proteins can cause increased expressionextfacellular matrix proteins, vascular
adhesion moleculesytokines and growth factors associated with diabetic complications.

A synergistic action of A with other pro-inflammatory stimuliLfS, AGEs or
interferony) increases itproinflammatory potentialhGEs and A bind to a cell surface
binding site comprised & integral membrane protein (receptor for AGE = RAGE) and a
lactoferrin-like polypeptide (LF-L). RAGE has been shown to mediate the induction of
oxidant stress and the activationroicroglia. AGEs induce nitric oxide (NQ)ITNF and
IL-6 production, and RAGE and the transcription factor KBFare both involved in
pathways mediating the expression of thegwkines. Furthermore, the combination of
AB andAGEs synergistically enhances the expression of the pro-inflamnatmkines
TNF, IL-6 and M-CSF.

If these findings are put into a clinical contexgatment of Alzheimer’'s disease
patients with anti-inflammatory drugs is likely to attenuate inflammation and will most
likely result in a slower progression of their dementia and a longer period of high quality
life.

#S14-4



Gottingen NWG Conference 2005 #S14-5

The impact of systemic inflammation on the progression of neurodegenerative disease.
V. Hugh Perry, CNS Inflammation Group, School of Biological Sciences, University of
Southampton, Southampton SO16 7PX, UK

Systemic infection or indeed other insults that provoke a systemic inflammatory response may
lead to a relapse in multiple sclerosis (MS) or an acute delirium in the patient with Alzheimer’s
disease (AD), or aged person. The mechanisms underlying these acute neurological states are not
fully understood but the evidence suggests that enhanced cytokine synthesis in the brain is driven
by systemically generated cytokines signalling across the intact blood-brain barrier. Recent
evidence suggests that interactions between brain inflammation and low grade systemic infection
can contribute to cognitive disturbances over several months duration (Holmes et al, 2003).

To investigate the role of inflammation in chronic neurodegeneration we have studied an animal
model of chronic neurodegenerative disease, murine prion disease. In this disease the microglia
are morphologically activated but have an atypical cytokine profile (Perry et al, 2002). This
atypical cytokine profile is similar to that detected in macrophages which have phagocytosed
cells undergoing apoptosis. At the early stage of the disease when the first behavioural
symptoms can be detected this is associated with microglia activation, increased levels of
transforming growth factor-beta (TGF) and also increased CO-2 expression but there is no
neuronal loss only loss of synapses (Cunningham et al, 2003). However, following peripheral
challenge with endotoxin to mimic components of a systemic infection we have found enhanced
synthesis of pro-inflammatory cytokines and this enhanced cytokine synthesis is associated with
exaggerated behavioural symptoms when compared to normal animals challenged with endotoxin
(Combrink et al, 2002). By analogy with the relapses in MS, many of which may be precipitated
by a systemic infection, we suggest that the activated microglia in persons with AD are “primed”
by the pathology, and respond more vigorously than normal when the cytokines generated by the
systemic infection impact on the brain. The increased synthesis of cytokines and other
inflammatory molecules within the brain may contribute to disease progression.



Gottingen NWG Conference 2005

Strategies aiming at minimizing theliberation of proinflammatory and

toxic products from pathogens during the treatment of infections

Roland Nau, Dept. of Neurology, University Hospital, Robert-Koch-Str. 40, D-37075
Gottingen, E-mail: rnau@gwdg.de

Several bacterial products (endotoxin, teichoic and lipoteichoic acids, peptidoglycan, DNA,
pneumolysin, and others) and viral components can induce inflammation via stimulation of
Toll-like receptors or may be directly toxic in eukariotic cells. Endogenous and microbial
ligands of Toll-like receptors may have an additive or synergistic effect. This probably is the
molecular basis of the frequently observed aggravation of neurodegenerative diseases by

infections.

In the case of bacteria, any effective antibiotic treatment reduces the release of
proinflammatory products in comparison with uninhibited growth. Bactericidal antibiotics
which inhibit bacterial protein synthesis release smaller quantities of proinflammatory/toxic
bacterial compounds compared to B-lactams and other cell-wall active drugs. High antibiotic
concentrations induce the release of less bacterial proinflammatory/toxic compounds than
concentrations close to the minimal inhibitory concentrations. In several in-vitro and in-vivo
systems, bacteria treated with bacterial protein synthesis inhibitors induce less inflammation
than bacteria treated with B-lactam antibiotics. In animal models of Escherichia coli and
Staphylococcus aureus sepsis and of Streptococcus pneumoniae meningitis, a lower
antibiotic-induced release of proinflammatory bacterial compounds was associated with a
reduced mortality (sepsis, meningitis) and glutamate release, free radical formation and

neuronal injury (meningitis).

In conclusion, sufficient evidence for the validity of the concept of modulating the release of

proinflammatory bacterial compounds by antibacterials has been accumulated in vitro and in

animal experiments to justify clinical trials in humans. A properly conducted study addressing

the potential benefit of bacterial protein synthesis inhibitors versus -lactam antibiotics will
require both a strict selection and inclusion of a high number of patients. The benefit of this

approach should be greatest in patients with a high bacterial load.
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MAST CELL INFLUENCE ON AXONAL OUTGROWTH AND
NEURONAL INJURY

Sven Miller-Réver’”, Katharaina Warnke!, Frank Siebenhaar®, Stephanie Sallach®, Greta
Goelz!, Christine Brandt!, Marcus Maurer?, Robert Nitsch*

'Center for Anatomy, Institute of Cell Biology and Neurobiology, Charité, University
Medicine, Berlin, Germany

’Dept. of Dermatology and Allergy, Charité, University Medicine, Berlin, Germany,
*corresponding author: sven.mueller-roever@charite.de

Mast cells (MCs) have been demonstrated to play a key role in allergy and to be important
effectors in the development and severity of multiple sclerosis and its animal model,
experimental autoimmune encephalomyelitis. Here we have investigated the effects MCs
exert after a mechanical injury to the brain. To show the presence of MCs in our region of
interest, the hippocampus (HC) and entorhinal cortex (EC), we used the following labelling
methods on sections of paraffin-embedded murine brains: GIEMSA, toluidine blue, FITC-
Avidin and c-kit immunoreactivity. MCs were present perivascularly or within the
parenchyma, both in the HC and EC. The average number of mast cells in the HC and EC was
2-4 mast cells/microscopic field. Using an axonal outgrowth assay, we studied the influence
of mast cells on axonal outgrowth in vitro. In the outgrowth assay, MCs induced a
significantly higher axonal density and an increased length of neurites in EC explants in a
dose-dependent manner. Furthermore, we compared mast cell-deficient W/W"'-mice and
wildtype controls after an entorhinal cortex lesion (ECL), applying immunohistochemical
markers such as glial fibrillary acidic protein (GFAP), neurofilament 200, and I1B-4.
Expression of GFAP around the lesion was two times higher in mast cell-deficient mice
compared to controls, while neurofilament 200 expression at the lesion site was substantially
reduced in W/W" mice. Finally, mast cell-deficient mice showed a significantly lower number
of activated 1B-4-positive cells in the lesion area compared to controls. These data suggest
that MCs stimulate axonal outgrowth, activate microglia, and modulate the development of
astrogliosis.
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Inhibition of MNSOD Expression as a M echanism for Glutamate-Induced Death in HT4
Neuronal Cells

Aharoni-Simon Michal, Golan Orit, Reifen Ram, Tirosh Oren

Elevated levels of extracellular glutamate are responsible for neuronal damage and
degeneration in brain disorders, including stroke, epilepsy, and Parkinson's disease. In this
study we found a direct link between Manganese Superoxide Dismuthase (MnSOD)
expression to the signaling cascade of glutamate-induced cell death. Mouse hippocampal-
derived HT4 cell line was treated with Glutamate (10 mM) for 6 h. Such treatment induced
accumulation of intracellular ROS and depletion in intracellular GSH, followed by cell death
after 12 h. 100 uM tempol (superoxide dismuthase mimetic compound) added simultaneously
with glutamate for 12 h, protected the cells from death, which indicates that superoxide plays
a role in the death cascade. Analysis of mitochondrial MnSOD showed depletion in the
protein and mRNA levels, generated by 6 h treatment with glutamate. Transient transfection
with si-RNA to MnSOD increased glutamate toxicity, while overexpression of MnSOD
attenuated glutamate toxicity in cells treated with glutamate for 12 h. The decline in the
expression of MnSOD is not a result of mitochondrial degradation, as there was no reduction
in the level of cytochrome c, or any damage to the mitochondrial DNA following glutamate
treatment. Preincubation of the cells with the antioxidant selenium (0.5 uM, 10 uM) for 24 h
before glutamate treatment prevented MnSOD depletion and ROS generation, and rescued the
cells from glutamate-induced cell death.

The results of this study demonstrate that depletion of mitochondrial MnSOD expression is a
key event in glutamate-induced neuronal cell death. Hence, regulating MnSOD expression is

a significant process which can assist in preventing neuronal damage and brain degeneration.
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THE MICROGLIA-ACTIVATING POTENTIAL OF THROMBIN

Uwe-Karsten Hanisch and Thomas Modller

'Department of Cellular Neurosciences, Max Delbriick Center for Molecular Medicine, D-
13092 Berlin, Germany
?|nstitute for Neuropathology, University of Géttingen, D-37075 Germany
®Department of Neurology, School of Medicine, University of Washington, Seattle, WA,
98195-6465, USA
The serine protease thrombin is known as a blood coagulation factor. Through limited
cleavage of proteinase-activated receptors (PAR) it can also control growth and functions in
various cell types, including neurons, astrocytes and microglia (brain macrophages). A
number of previous studies indicated that thrombin induces the release of proinflammatory
cytokines and chemokines from microglial cells, suggesting an additional role for the
protease beyond hemostasis. In the present study, we provide evidence that this effect is not
mediated by thrombin proper, but by a high molecular weight (HMW) fraction in thrombin
preparations. We found that (1) only long exposure (hours) of microglia to thrombin
preparations triggered cyto/chemokine release, which is incompatible with rapid PAR
signalling. (2) Agonists directly activating PARs did not trigger release. (3) Inhibitors
preventing the interactions of thrombin with endogenous (receptor) substrates, including
hirudin and heparin, did not block the release response. (4) Thrombin-specific active site
inhibitors blocked the proteolytic activity but did not affect the cytokine release. In contrast,
we identified a minor fraction of associated proteins which is solely responsible for the
release induction. HMW material can be isolated in trace amounts even from apparently
homogenous o- and y-thrombin preparations. It contains thrombin-derived peptides as
revealed by mass spectrometry but is devoid of thrombin-like enzymatic activity. Our findings
may force a revision of the notion that intact thrombin itself is a direct proinflammatory
release signal for microglia. In addition, they could be relevant for the study of other cellular

activities and their assignment to this protease.

#3B



Gottingen NWG Conference 2005

ATTENUATION OF EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS
CLINICAL SIGNS BY COMBINED THERAPY OF RIBAVIRN AND TIAZOFURIN

Stojkov D.? Lavrnja 1.2, Pekovic S.?, Subasic S.”, Jovanovic S., Mostarica-Stojkovic M.°,
Stosic-Grujicic S.2, Nedeljkovic N.°, Rakic Lj.2, Stojiljkovic M.2

Dept. Neurobiol.& Immunol.“Sinisa Stankovic” Inst. Biol. Res., Belgrade, 11000, Serbia
and Montenegro

®Faculty of Biology, Belgrade, 11000, Serbia and Montenegro

‘Inst. Microbiol. & Immunol., School of Medicine, Belgrade, 11000, Serbia and
Montenegro

Experimental Autoimmune Encephalomyelitis (EAE), an animal model of human
demyelinating disease multiple sclerosis (MS), is commonly used for evaluation of
potential therapies for MS. Clinical signs of this neurological disorder are consequences
of an autoaggressive T-cell response against myelin. The aim in this study was to
investigate how combined drug administration (ribavirin — R + tiazofurin — T) from the
onset of the first EAE signs or from more difficult symptom (paresis) will affect further
development of EAE. Ribavirin is synthetic guanosine analogue, originally designed by
Robins and co-workers as an antiviral agent. Tiazofurin is synthetic C-nucleoside that
exhibits significant antitumor activity. In sensitive cells, like activated lymphocytes, they
act through theirs active metabolites which inhibit enzyme Inosine Monophosphate
Dehydrogenase (IMPDH), binding on its different sites. Result of such inhibition is
reduction in guanine nucleotide levels, which then cause interruption of cell metabolism.
The disease was induced in male Dark Agouti (DA) rats with rat spinal cord homogenate
and it had a self limited acute monophasic course. For one group of animals treatment
started when first clinical sign of EAE appeared (9th day after EAE induction). They
received i.p ribavirin at a daily dosage of 30mg/kg and tiazofurin at a dosage of 10mg/kg
every other day for 15 days. The other group of animals was also treated with R and T in
same dosages and in same way but treatment started after appearance of more severe
EAE symptom — paresis (13" day after EAE induction). Control group of animals was
immunized and treated only with saline. Amelioration of clinical signs and faster
recovery was obtained in both group treated with combination of R and T in compare to
control group of animals. Immunohistochemical analysis of the lumbosacral spinal cord
tissue isolated after 15 days of combined therapy revealed decrease in number of T-cells
and macrophages/microglia, which were pronounced in control group. Also, in group of
animals treated with combination of R and T diminution in presence of demyelination
areas was showed. Results gained in this study revealed that R and T have EAE
protective effects and recommended them for future therapy of multiple sclerosis.

Keywords: EAE, MS, ribavirin, tiazofurin, demyelination

(This work was supported from Ministry of Science and Environmental Protection,
Republic of Serbia, Serbia and Montenegro, Grants 1647, 1664, 2020)
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Expression profiling for regulators of adult neurogenesis in dentate gyrus and cerebellum
of Borna disease virus infected rats

Hosseini M. ', Koester-Patzlaff C. ', Chowdhury K. 2, Grebenshchikova S. 2 and Reuss B. '

' Georg-August-University Goettingen, Center for Anatomy/Neuroanatomy, Neurovirology group
2 Max Plank Institut of Biophysical Chemistry, Goettingen

Introduction: Borna disease virus (BDV) is a neurotropic, noncytolytic, nonsegmented negative
stranded RNA virus and the prototype of the family of Bornaviridae, within the order of
Mononegavirales. Borna virus has a broad host range in warm-blooded animals, probably
including humans. A characteristic feature of rats with a latent BDV infection is degeneration of the
dentate gyrus. The dentate gyrus is also known to be a brain area where adult neurogenesis takes
place. This suggested to us that disturbed proliferation and /or differentiation of neuronal stem
cells could play a role for BDV dependent dentate gyrus degeneration. To understand the
interrelation between dentate gyrus degeneration and disturbed neurogenesis we investigated
markers for adult neurogenesis in BDV infected rats as compared to control treated animals by
indirect immunohistochemistry. In addition we analysed changes of gene expression levels in BDV
infected rats by DNA microarray analysis.

Methods: Newborn Lewis rats were injected with 30 uyl of a 10% w/v brain homogenate in PBS
from BDV infected or control animals. Rats were killed 4 or 8 weeks after infection and processed
for further experiments. First, BDV infection was verified by immunohistochemistry and RT-PCR
analysis. We then analysed adult neurogenesis, with the hippocampus of infected and control
treated rats being explored for expression of the neuronal stem cell marker Nestin, and the
proliferation marker Ki67, as well as for the integration of the proliferation marker BrdU by RT-PCR
and indirect immunohistochemistry. Finally expression profiling was performed by hybridising
labeled cRNA, derived from pools of the total hippocampal and cerebellar RNA from six animals,
to the Affymetrix Rat 230 DNA microarray.

Results: As we could show by immunohistochemistry, expression of Nestin, as well as numbers
of cells positive for BrdU and Ki67 are distinctly increased four weeks post infection. In contrast,
eight weeks post infection numbers of cells with immunoreactivity for Nestin, BrdU and Ki67
showed a clear decrease. By DNA microarray analysis we could identify 1027 genes to be up-,
and 281 genes to be downregulated in the hippocampus at a factor of >1,5. Likewise in the
cerebellum at a cutoff level of >1,5 944 genes were up-, and 387 genes were downregulated. With
respect to gene classes regulated during BDV infection, a large part is formed by genes related to
the immune response, like antibodies, Interferons, and Interleukins. In addition, intracellular
signalling molecules (i.e. for calcium homeostasis), cytoskeletal proteins (microtubule and actin
associated proteins), extracellular matrix molecules (lectins, integrins, collagen), as well as growth
factors, transcription factors, and genes involved in protein degradation were changed. With
respect to neurons and neuronal stem cells, markers and regulatory factors like noggin, notch1,
notch2, CD44, Nedd4a as well as of BMP related genes turned out to be changed in their
expression. In addition to this, a general BDV dependent upregulation of apoptosis related genes,
and differential changes in several cell cycle regulators could be observed. In the meantime we
have analysed a selected subset of these genes in more detail by real time RT-PCR of individual
samples and by in situ hybridization.

Conclusions: Our results show for the first time that Nestin mRNA and protein as well as the
proliferation markers Ki67 and BrdU are differentially regulated in the hippocampal formation of
BDV infected rats. They demonstrate a distinct upregulation of Nestin expression and cell
proliferation at 4 weeks p.i. and a marked decrease in Nestin positive cells and cell proliferation at
8 weeks p.i.. In addition we could demonstrate up- and downregulation of a wide variety of other
genes by DNA microarray analysis including regulators of proliferation and differentiation of
neuronal stem cells. Together these results suggest an important role of postnatal hippocampal
neurogenesis for the onset of BDV dependent morphological deficits in the dentate gyrus.
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Dopamine accelerates progression of HIV-dementia

E Koutsilieri®, S Czub? C Scheller® , S Sopper®, E Griinblatt', G Gosztonyi’, V ter
Meulen®, P Riederer*

Institutes of Clinical Neurochemistry-Dept. Psychiatry®, ? Pathology and Virology 2,

University of Wirzburg, Germany, Institute of Neuropathology, Berlin, Germany

HIV and drugs of abuse act synergistically and result in enhanced damage in the CNS.
Elevated extracellular dopamine is thought to be the primary mediator for reinforcing
as well as for toxic effects of addictive substances. To investigate the potential
involvement of increased dopamine availability in the pathogenesis of
immunodeficiency dementia, SIV-infected rhesus monkeys were treated with drugs
increasing dopamine availability, such as L-DOPA and selegiline. Both of these
substances are administered to HIV-patients to counteract parkinsonian symptoms and
cognitive impairment, respectively. We found that both dopaminergic substances
increased dopamine concentrations which were reduced by SIV infection. However, a
spongiform polioencepalopathy accombanied by an accelerated SIV-encephalitis and
enhanced intracerebral SIV expression were observed. Detected enhanced TNF-alpha
expression in the brains of the infected monkeys may indicate a microglia activation
through dopaminergic substances in combination with virus and suggest a potentiation

of immunodeficiency dementia.
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The effect of tumor necrosis factor, interleukin-1 and interleukin-6 on the expression of
heat shock protein 70 in the central nervous system.

Slawomir Michalak
Department of Clinical Neurochemistry, Chair of Neurology, University of Medical Sciences,
Poznan, Poland

Introduction. Heat shock protein 70 kDa (Hsp 70) is involved in the degradation pathway of
cellular proteins during stress condition, assists new synthesized proteins in their correct folding and is
also directly involved in the translocation of proteins across membranes into different cellular
compartments. It may also induce both humoral and cellular responses. This effect is known for
experimental vaccines against tumors. Up-regulation of heat shock protein lead to the presentation of
tumor antigens which may be either masked or inaccessible to antigen — presenting cells preventing in
such way lack of tumor cell immunogenicity. Vaccination of mice with Hsps isolated from tumor cells
indicate that the induced heat shock proteins may have promising applications for antitumor, T-cell
immunotherapy. Our previous studies have been shown the increased Hsp 70 expression in the central
nervous system (c.n.s) in the course of experimental neoplastic disease. Cytokines are factors involved
in number of the reactions between host and the tumor.

The aim of this study is to examine the effect of selected cytokines on the expression of Hsp 70 in
central nervous system.

Material and methods. Cytokines were injected intraperitoneally to male Buffalo rats, 3% -
months of age in following doses: 4 ng/kg for tumor necrosis factor (TNF), 2 ug / kg for interleukin —
1(IL -1) and 4 pg / kg for interleukin-6 (IL —6). The same volume of pysiological salt was injected
intraperitoneally in the control animals. After 24 hours the animals were sacrified under halotane
anaesthesia. The brain was dissected macroscopically in the white and grey matter, brain stem,
cerebellum and basal ganglia. The expression of heat shock protein 70 kDa was analyzed after 12%
poliacrylamide gel electrophoresis (SDS-PAGE) according to Laemmli (1970) and subsequent
Western blotting (Towbin et al., 1979). The Hsp 70 was identified with monoclonal mouse anti — rat
antibodies (SIGMA), as the second antibody gout anti-mouse conjugated with horseradish peroxidase
(SIGMA) was used. The semiquantitative analysis was performed using densitometer GS-710 (Bio-
Rad) and the software ,,Quantity One”. The densitity of bands corresponding to Hp 70 was normalized
to the actin band.

Results (Table 1): Interleukin -1 and interleukin — 6 caused significant (p < 0.05) increase in
expression of Hsp 70 in grey matter.

Table 1. The effect of TNFa, IL -1 and IL-6 on the expression of Hsp70 in the central nervous system. The
values represents optical density (OD).

Grey matter White matter Cerebellum Brain stem Basal ganglia

Control 0,695 0,860 0,893 0,938 0,805
+ + + + +

0,065 0,044 0,084 0,166 0,080

TNF a 0,965 0,892 0,806 0,890 0,875
+ + + + +

0,244 0,222 0,057 0,188 0,089

IL-1 0,882 0,893 0,881 0,865 0,860
+ + + + +

0,043~ 0,056 0,048 0,038 0,044

IL -6 0,855 0,856 0,834 0,865 0,984
+ + + + +

0,056 0,057 0,034 0,018 0,192

* - p < 0.05 - statistically significant difference. The results are presented as mean + SD. Number of animals in

each group = 6.

In conclusion, we may state that we have been able to demonstrate that the short-term effect of the
interleukins on the expression of heat shock protein 70 appears in the grey matter. The significance of
this mechanism for the development of paraneoplastic syndromes needs further elucidation.
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Adjuvant therapy with dexamethasone increases neuronal apoptotic cell death in the
dentate gyrus in experimental Escherichia-coli-meningitis

Annette Spreer’, Joachim Gerber!, Mareike Hanssen', Peter Lange', Helmut Eiffert?, Roland Nau*
Departments of Neurology* and Bacteriology?, Georg-August-University of Gottingen

Mortality and morbidity rates are high among patients with acute bacterial meningitis. Neurological sequelaein-
clude paralysis, mental retardation and learning disorder. Standard therapy of bacterial meningitisis based on bac-
teriolytic b-lactam antibiotics, which result in increased release of proinflammatory compounds. Anti-inflammatory
treatment with dexamethasone has recently been shown to improve the outcome in therapy of pneumococcal men-
ingitis under treatment conditions of developed countries (1). In animal models of pneumococca meningitis, dex-
amethasone has been shown to aggravate the apoptotic neuronal damage, and hippocampal neuronal apoptosis also
occurs in patients during bacterial meningitis (2). It remains to await follow-up studies to evaluate the effect of
dexamethasone on cognitive functions in pneumococcal meningitis.

At present, the effect of dexamethasone on the hippocampal formation is unknown in non-pneumococcal forms of
meningitis. Therefore we evaluated the effect of adjunctive dexamethasone treatment in a rabbit meningitis model
of Gram-negative E. coli meningitis on parameters of heuronal damage (rate of apoptotic neurons in the hippocam-
pal granular layer, neuron-specific enolase (NSE) in the cerebrospinal fluid (CSF) and ischaemic areas), neuro-
chemical parameters (cells, proteins, lactate in CSF) and arterial oxygen saturation and pH.

Methods: 34 NZW rabbits were intracisternally infected with aclinical isolate of E. coli. 12 h post infection all
animals were treated with ceftriaxone (125 mg/kg body weight). 17 animals received dexamethasone as adjunctive
therapy (1 mg/kg body weight) 15 min before onset of antibiotic treatment and 6 h later. CSF and arterial blood
were drawn repeatedly during course of infection. The experiment was terminated 24 h post infection. Apoptotic
neuronsin the hippocampal dentate gyrus were histologically detected by in-situ labelling of DNA strand breaksin
4 coronal sections from the rabbits left hemisphere and related to the respective area of the dentate gyrus. The ex-
tent of ischaemic damage was estimated by cal culation of the ratio between ischaemic area and surface area of 4
coronal sections stained with HE. The other parameters evaluated were quantified according to standard methods.
Results: All animals surviving until the end of the experiment were included in the data analysis (control group

n = 14, dexamethasone group n = 15). No significant difference was found between the two groups concerning CSF
inflammatory parameters of meningitis (pleocytosis, protein, lactate), NSE in CSF as a global marker of neuronal
damage, the estimation of ischaemic damage or arterial oxygen saturation and pH. However, asignificant increase
was found in the rate of apoptotic neuronsin the granular layer of the hippocampal dentate gyrus after adjunctive
treatment with dexamethasone (p = 0.0013).

Conclusion: Adjuvant treatment of bacterial meningitis with dexamethasone increases neuronal apoptotic cell death
in the dentate gyrus independent of the meningitis-causing bacterial agent. In bacterial meningitisin adults, never-
theless, adjunctive therapy with dexamethasone should be added to antibiotic treatment, since it is the best option
presently available. Y et, dexamethasone probably is not the ideal adjunctive treatment and may not be effectivein
all forms of bacterial meningitis, such as neonatal meningitis, bacillary Gram-negative meningitis and iatrogen
forms of meningitis (e.g. following neurosurgery).

1. deGansJetd. (2002): Dexamethasone in adults with bacterial meningitis. N Engl J Med; 347(20):1549-56.
2. NauR, Soto A, Bruck W (1999): Apoptosis of neurons in the dentate gyrus in humans suffering from bacterial meningitis. J Neuropathol Exp Neurol;
58(3):265-74
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MICRO TISSUE ENGINEERING: NEURON-, GLIA-, AND FIBROBLAST
CELL INTERACTIONS IN POLYMER-BASED NERVE GUIDES

Lars Dreesmann?, Martin Lietz!, Sven Oberhoffner?, Andreas Ullrich?, Martin Dauner?,

Burkhard Schlosshauer!

(1) NMI Naturwissenschaftliches und Medizinisches Institut an der Universitat Tibingen,
Markwiesenstral3e 55, 72770 Reutlingen, Germany
(2) Deutsches Zentrum fir Biomaterialien und Organersatz, Denkendorf, Germany

We have developed resorbable nerve guide tubes (diameter: 1 mm) made of
trimethylene-carbonate/caprolacton-copolymer to bridge nerve lesions. The 100 um thick,
semipermeable walls of the nerve guides allowed free passage of 2.000 kD dextran but
prevented transmigration of fibroblasts in vitro. Encapsulation of Schwann cells (SC) inside
the tube demonstrated cell survival in vitro even when fibroblasts coated the conduit surface.
Co-cultivation of dorsal root ganglia (DRG) with Schwann cells resulted in pronounced
axonal outgrowth inside the nerve guide. In order to accelerate regeneration, meandering of
axons inside nerve guides will be abrogated by the insertion of Schwann cell-seeded
microstructured polymer filaments into the nerve guide in an attempt to imitate glial bands of
Bingner in vivo. To render the surface of polymer filaments biocompatible, we tested 14
different extracellular matrix (ECM) components. Type IV collagen, heparan sulphate
proteoglycan and laminin enhanced cell attachment and proliferation. In vitro experiments
indicated that Schwann cells oriented along ECM coated microgrooves. Furthermore, in co-
cultures, outgrowing axons of DRG were perfectly guided by longitudinally oriented Schwann
cells on polymer filaments with microgrooves. We also investigated the guiding performance
of microgrooves by time lapse video recording. Microgrooves decreased the migration
velocity of Schwann cells considerably. Surprisingly, fibroblast-derived factors stimulated
Schwann cell mobility on microgrooves fivefold. However, fibroblasts did not affect the
alignment of Schwann cells on microgrooves, and they tended to displace glial cells and
hamper neurite extension. Though minor numbers of fibroblasts neither inhibit Schwann cell
orientation on polymer filaments nor neurite growth, massive invasion of repulsive fibroblasts
into nerve guides could displace Schwann cells also in vivo and reduce neural regeneration.
Consequently, Schwann cells are best integrated into nerve guides before implantation.
Thus, nerve guides composed of semipermeable, resorbable tubes with internal Schwann
cell-seeded microstructured polymer filaments promise to enhance nerve regeneration.

Schlosshauer et al. (2003). Brain Res. 963, 321-326.

Schlosshauer, B., Lietz, M. (2004) Nerve guides. In Encyclopedia of Biomaterials and

Biomedical Engineering (Ed. Wnek and Bowlin, Marcel Dekker, Inc., New York). 1043-1055.
Funded by BMBF
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Hydroxyproline as a marker for collagenolytic activity in neuroinflammatory disorders

Johann Sellner, Damian N. Meli, Denis Grandgirard, Brigitte Storch-Hagenlocher*, Uta Meyding-Lamade*,
Stephen L. Leib

Department of Infectious Diseases, University of Berne; *Department of Neurology, Ruprecht-Karls-

University Heidelberg; email: johann.sellner@ifik.unibe.ch

Objectives: Pathophysiologic mechanisms that contribute to brain injury in neuroinflammatory disorders
include breakdown of the blood-brain-barrier, extravasation of leukocytes, cerebral hypoperfusion and
vasculitis. Matrix-Metalloproteinases (MMPs) including the collagenases MMP-2 and -9 are crucially
involved in all these steps. In this study we aimed to assess the extent of in-vivo collagenolytic activity in
cerebrospinal fluid (CSF) by determination of the amino acid hydroxyproline, a major and exclusive

degradation product of collagen.

Methods: Paired serum and CSF samples from patients with bacterial meningitis (n=11), aseptic
meningitis/encephalitis (n=17), multiple sclerosis (n=13), and normal CSF (n=12) were assessed.
Degraded collagen was hydrolysed to dissolve its major component hydroxyproline, which subsequently
was determined spectrophotometrically. CSF levels of MMP-2 and -9 were studied by gel zymography. In
a rat model of pneumococcal meningitis localization of collagenolytic activity was performed by in-situ

zymography with intramolecularly quenched gelatin

Results: Hydroxyproline in CSF from patients with bacterial meningitis was significantly increased
compared to all studied groups (P<0.001) while serum hydroxyproline did not differ significantly between
the groups. The amount of hydroxyproline in CSF correlated significantly with the amount of MMP-9
(r=0.8; p<0.001). In the rat model in-situ zymography gelatinolytic activity was localized to the

subarachnoidal and ventricular space inflammation and in association to cortical lesion.

Summary & Conclusions: The study documents a significant increase of the collagen degradation product
hydroxyproline in CSF of patients with bacterial meningitis. The close correlation of hydroxyproline and
MMP-9 in the CSF validates the assessment of hydroxyproline as an index for CSF collagenolytic activity
in neuroinflammatory diseases and supports a role for collagenase in the pathogenesis of bacterial

meningitis.
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Involvement of FasL(CD95L) and Perforin mediated apoptosis in the pathogenesis of Herpes-simplex
Virus Encephalitis

%

Johann Sellner**, Florian Dvorak”, Yilin Zhou”, Susanne Strand”, Peter R. Galle”, Uta Meyding-Lamade”
*Department of Infectious Diseases, University of Berne; #Department of Neurology, University of
Heidelberg; Ruprecht-Karls-University Heidelberg; %Department of Internal Medicine, University of Mainz;

email: johann.sellner@ifik.unibe.ch

Objectives: Herpes-simplex Virus encephalitis (HSVE) is a devastating disease which still possesses
unacceptably high morbidity and mortality. However, apoptosis might play a key role in the pathogenesis
of HSVE and also account for neuronal injury. In the present study we report the detection of apoptosis in
a mouse model of HSVE by TUNEL staining and the expression pattern of the apoptosis inducing signals
perforin and FasL(CD95L) using a semiquantitative real-time RT-PCR.

Methods: Focal HSVE was induced by intranasal inoculation with HSV-1 Strain F, sham infected mice
received sterile saline. Animals were assigned to three treatment groups: i) saline ii) acyclovir and iii)
acyclovir plus adjuvant methylprednisolone. Therapy was conducted through the intraperitoneal route from
day 1 to 14 post inoculation (d.p.i). Furthermore, clinical scoring was performed daily and viral load was
determined exemplary in whole brain tissue.

Results: Clinical alteration started at 2-3 d.p.i and the peaked at 7-10 d.p.i. At 21 d.p.i the clinical score
returned to baseline. TUNEL-positive cells were found during the entire acute course of experimental
HSVE in different regions of the brain. Perforin mRNA expression increased in close correlation to clinical
impairment, and was upregulated at 3 d.p.i (P<0.05) and maximal expression was found at 7 d.p.i
(P<0.001). FasL mRNA transcripts were signficicantly upregulated at 7 d.p.i (P<0.05) and peaked at 10
d.p.i (P<0.05). No changes in mRNA expression were found at 60 d.p.i. Acyclovir (P<0.05) as well as
adjunctive cortisone (P<0.001) treatment lead to a significant downregulation of perforin transcripts while
FasL expression was not affected.

Discussion & Conclusion: We report the sequential mRNA regulation of two mediators of apoptotic cell
death in the acute course of HSVE and were able to detect apoptosis by immunohistochemistry in
different brain regions. Our study provides evidence for the involvement of Fas/FasL and perforin
mediated pathways of cytotoxicity in the pathogenesis of HSVE. Further studies are mandatory to define
the exact role of different apoptotic signals in HSVE and could lead to the development of improved

strategies for the treatment of this highly disabling disease.

#11B



Gottingen NWG Conference 2005
Symposium #S15:

Nitric oxide / cyclic nucleotide signaling as regulator of developmental

#3S15

#315-1

#315-2

#315-3

#3515-4

#315-5

#315-6

#12B

#13B

processes and cell motility in the nervous system
G. Bicker and V. Rehder, Hannover and Atlanta

I ntroduction

G. Bicker and V. Rehder, Hannover and Atlanta
Nitric oxide/ cyclic nucleotide signaling as regulator of developmental processes and
cell motility in the nervous system

Slide

S. Arnhold and K. Addicks, Kdln
The expression of different NO-synthase isoforms during murine nervous system
devel opment

G. Bicker and A. Haase, Hannover
Sop and Go with NO: Nitric oxide regulates cell motility in embryonic insect neurons

H. Schmidt, S. Schéffer, M. Werner, PA. Heppenstall, M. Henning, MI. Moré, S.
Kuhbandner, GR. Lewin, F. Hofmann, R. Feil and FG. Rathjen, Berlin and MUnchen
cGMP signalling and pathfinding of sensory axons within the spinal cord

V. Rehder, Atlanta, GA (USA)
The Nitric Oxide/Soluble Guanylyl Cyclase Sgnaling Pathway In Neurons Regulates
Growth Cone Behavior Through Calcium.

D. Blottner, Berlin
NOS/ NO Assembly in Neuromuscular Junction Formation

J. Schachtner, Marburg
Regulation and role of the NO/cGMP signaling pathway during antennal lobe
devel opment of the sphinx moth Manduca sexta.

Poster

SE. Kammann, M. Hamann and A. Richter, Berlin
Examinations on the functional relevance of deficient NOS-reactive interneurons in the
striatum of the dt(sz) mutant

S. Schéffer, H. Schmidt and FG. Rathjen, Berlin
cGMP-mediated signalling in sensory axon pathfinding



Gottingen NWG Conference 2005

#14B PA. Stevenson, J. Rillich, K. Schoch and K. Schildberger, Leipzig
Suppression of aggression by nitric-oxide in the cricket Gryllus bimaculatus



Gottingen NWG Conference 2005

Introductory Remarks to Symposium 15

Nitric oxide / cyclic nucleotide signaling as regulator of developmental
processes and cell motility in the nervous system

Gerd Bicker and Vincent Rehder, Hannover and Atlanta (USA)

Nitric oxide (NO) is a membrane-permeable signaling molecule that activates soluble
guanylyl cyclase (sGC) and leads to the formation of cGMP in target cells. Our symposium
will explore the contribution of NO signaling via cGMP and other transduction pathways to
the developmental processes of neurogenesis, postmitotic neuron migration, growth cone

behavior, and synaptogenesis.

The talk of Stefan Arnhold will shed light on the time dependent expression of different
NOsynthase (NOS) isoforms in various nervous compartments during neurogenesis of the
mouse. The functional role of NO is investigated in embryonic stem cell derived neuronal
differentiation as well as in neural precursor cells of different brain compartments. Gerd
Bicker introduces an accessible insect model in which NO/cGMP signaling is essential for
cell migration of enteric neurons and axonogenesis of pioneer fibers. Fritz Rathjen analyzes
the trajectories of axons within the spinal cord showing a longitudinal guidance defect of
sensory axons within the developing dorsal root entry zone in the absence of
cGMPdependentprotein kinase | (cGKI). These axon guidance defects in cGKI-deficient mice
are leading also to a substantial impairment in nociceptive flexion reflexes. The work by
Vincent Rehder describes that NO orchestrates two aspects of growth cone behavior in
identified snail neurons, namely neurite outgrowth and filopodial dynamics. The findings
support the hypothesis that NO can function as a potent slow/stop signal for developing
neurites. The lecture of Dieter Blottner deals with recent molecular assembling models for
NOS as part of the postsynaptic apparatus in the developing neuromuscular junction. In
addition, NO signaling actions will be discussed for development, maintenance and plasticity
of the neuromuscular system. Finally, Joachim Schachtner addresses the contribution of NO
to synaptogenesis in an insect brain. Pharmacological interference with the NO/cGMP
signaling pathway results in reduction of the ubiquitous synaptic vesicle protein
synaptotagmin, suggesting that NO enhances the rate of synaptogenesis during development

of olfactory glomeruli via cGMP.
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The expression of different NO-synthase isoforms during murine nervous
system development

Stefan Arnhold and Klaus Addicks
Department of Anatomy |, University of Cologne, Josef-Stelzmann Str. 9, 50931 Kadln,
Germany

Nitric oxide (NO), a cell derived highly diffusible and unstable gas is regarded to be
involved in inter- and intra-cellular communication in the nervous system.
Furthermore, NO has been reported to regulate neuronal differentiation, mediating a
switch from proliferation to differentiation. In order to elucidate a further role of NO
during neuronal differentiation processes, we investigated the expression of the three
NOS-isoforms in various nervous compartments during neurogenesis of the mouse.
Out of the three NOS-isoforms exclusively the inducible NO-synthase isoform is
found to be expressed during development of early mouse olfactory as well as
vestibulocochlear receptor neurons. In order to prove a general role for this isoform in
the process of neuronal differentiation, using immunohistochemical techniques, we
also looked for the expression of the NOS-isoforms in early postmitotic neurons of
the developing mouse cortex, retina as well as in the enteric nervous system.
Confirming the findings of olfactory and vestibulocochlear development also in these
compartments during early neurogenesis there is an exclusive expression of the
NOS-II isoform detectable. In later developmental stages NOS-II immunoreactivity
vanishes in favour of the constitutive isoforms. In a pharmacological approach using
cultures of the mouse cortex as well as embryonic stem cell derived neural precursor
cells, we investigated the functional role of NO on initial neuronal differentiation.
Effects of NOS inhibitors and NO donors on the morphological differentiation were
correlated with developmentally regulated calcium current densities, focusing on the
effects of the specific NO-synthase-Il inhibitor GW 274150. Furthermore, involvement
of the guanylate cyclase/cGMP signalling cascade was pharmacologically
investigated. Our data indicate that while a specific block of NO-synthase-Il provokes
a clear inhibition of neurite outgrowth formation as well as a decrease of calcium
current densities, the inverse is true for exogenous NO donation. In line with lacking
immunoreactivity for the soluble guanylate cyclase and cGMP there are only minor
effects of compounds manipulating the guanylate cyclase/cGMP pathway, suggesting
the downstream guanylate cyclase/cGMP pathway not to be essential in these early
differentiation steps.

In conclusion our in vivo and in vitro results suggest that in early developmental
stages NO not only mediates a switch from proliferation to differentiation but may
have important roles during both synaptogenesis and neurite outgrowth formation.
These effects can be ascribed to mainly NOS-II derived NO, before in later
developmental stages the important NO-synthesis is taken over by the constitutive
isoforms.
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Stop and Go with NO: Nitric oxide regulates cell motility in embryonic insect neurons
Gerd Bicker and Annely Haase

School of Veterinary Medicine Hannover, Cell Biology, Bischofsholer Damm 15,
D-30173 Hannover, Germany, gerd.bicker@tiho-hannover.de

Nitric oxide (NO) is a membrane-permeable signaling molecule that activates soluble
guanylyl cyclase (sGC) and leads to the formation of cyclic GMP in target cells. The
dynamic regulation of nitric oxide synthase (NOS) activity and cyclic GMP levels suggests a
functional role in the development of both vertebrate and invertebrate nervous systems (1).
Here, we summarize evidence for a key role of the NO/cGMP signalling cascade on
migration of postmitotic neurons in the enteric nervous system of the embryonic grasshopper.
During development, a population of enteric neurons migrates on the surface of the midgut.
These midgut (MG) neurons exhibit nitric oxide-induced cGMP-immunoreactivity
coinciding with the migratory phase. Using a histochemical marker for NOS, we identified
potential sources of NO in subsets of the midgut cells below the migrating MG neurons.
Inhibition of endogenous NOS, sGC, and protein kinase G (PKG) activity in whole embryo
culture results in a significant retardation of MG neuron migration. This inhibition can be
rescued by supplementing with protoporphyrin IX free acid an activator of sGC, and
membrane-permeant cGMP, indicating that NO/cGMP signalling is crucial for MG neuron
migration (2). Conversely, the stimulation of the cAMP/protein kinase A signalling cascade
results in an inhibition of cell migration. Activation of either the cGMP or the CAMP cascade
influences the cellular distribution of F-actin in neuronal somata in a complementary fashion.
The cytochemical stainings and experimental manipulations of cyclic nucleotide levels
provide clear evidence that NO/cGMP/PKG signalling is permissive for MG neuron
migration whereas the CAMP/PKA cascade may be a negative regulator. Since NO/cGMP
signaling is also involved in axonal extension of pioneer neurons (3), these investigations
reveal an accessible insect model in which the role of the NO/cGMP/PKG signalling cascade
on neuronal cell motility can be analyzed in a natural setting.
Supported by grants of the DFG
Literature cited:

(1) Bicker (1998) Trends Neurosci 21:349-355

(2) Haase and Bicker (2003) Development 130 : 3977-3987

(3) Seidel and Bicker (2000) Development 127: 4541-4549
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c¢GMP signalling and pathfinding of sensory axons within the spinal cord

Hannes Schmidt", Susanne Schiffer', Matthias Werner”, Paul A. Heppenstall’, Mechthild Henning', Margret I.
Moré', Susanne Kiihbandner’, Gary R. Lewin’, Franz Hofmann®, Robert Feil’, and Fritz G. Rathjen'

1) Developmental Neurobiology Group, Max-Delbriick-Centrum fiir Molekulare Medizin, Robert-Rossle-Str. 10,
D-13092 Berlin, Germany

2) Institut fiir Pharmakologie und Toxikologie, TU Miinchen, Biedersteiner Str. 29, D-80802 Miinchen,
Germany

3) Growth Factors and Regeneration Group, Max-Delbriick-Centrum fiir Molekulare Medizin, Robert-Rossle-
Str. 10, D-13092 Berlin, Germany

During embryonic and early postnatal development axons are steered by
environmental guidance cues to their target regions where they establish synaptic contacts.
These molecular cues activate specific guidance receptors on the surface of growth cones.
While many axonal guidance receptors have been identified in past years our understanding of
the intracellular signal transduction cascades initiated by them is limited. Previous in vitro
studies by Poo and associates using a growth cone turning assay revealed that signalling
systems activated by guidance receptors could be modulated by cyclic nucleotides. For
example, increasing levels of cGMP converted a repulsion of spinal cord neuronal growth
cones induced by semaphorin 3A into an attractive extension. However, the molecular
target(s) of cGMP within the growth cones remained unknown. cGMP is a widely used
second messenger that acts on several signalling components including activation of cGMP-
dependent protein kinases I and II (cGKI and II), regulation of cAMP levels through the
activation or inhibition of cAMP-dependent phosphodiesterases (PDEs), and opening of
cyclic-nucleotide-gated cation channels (CNGs).

Our studies on cGMP targets indicated that cGKI is required for sensory axons to find
their way within the dorsal root entry zone (DREZ) of the spinal cord. Once sensory axons
arrive at the DREZ of the spinal cord, each axon bifurcates into a rostral and caudal branch
extending over several segments. After a waiting period, collaterals grow out from these
longitudinal stem axons and form lamina-specific projections within the gray matter. In the
absence of cGKI we observed by Dil tracing and antibody staining that many sensory axons
fail to bifurcate correctly at the DREZ and instead grow directly to the central canal. These
axon guidance defects in cGKI-deficient mice result in a substantial reduction of the
amplitude of the nociceptive flexion reflex. Alternative splicing produces two isoforms of
cGKI that differ in their N-termini. Biochemical investigations revealed that the alpha isoform
of cGKI is expressed in sensory axons. In summary, our studies therefore showed that cGMP
signalling via cGKI is important for directing axonal growth of sensory axons.

These findings encouraged us to further unravel the cGMP signalling pathway
upstream and downstream of cGKI to understand aspects of signalling within growth cones.
Recent findings on the enzymes which generate cGMP, the soluble and particulate guanylyl
cyclases, as well as putative downstream targets which are phosphorylated by c¢GKI are
discussed.
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The Nitric Oxide/Soluble Guanylyl Cyclase Signaling Pathway In Neurons Regulates Growth
Cone Behavior Through Calcium. V. Rehder, Biology Department, Georgia State University,
Atlanta, GA 30302

Nitric Oxide (NO) has been demonstrated to act as a signaling molecule during neuronal
development in both vertebrates and invertebrates, but its precise function is unclear. Because
many of the effects of NO occur during the time when nerve cells extend their axons and
dendrites, and because targeting errors occur when the NO system is perturbed, we are interested
the roles by which NO may function as a signaling molecule at the tip of advancing processes,
the neuronal growth cone. Employing the well established in vitro model system of identified
neurons from the buccal ganglion of the gastropod snail Helisoma trivolvis, we demonstrate that
NO serves a dual function as modulator of growth cone morphology and of neuronal outgrowth.
B5 neurons show a rapid and transient increase in filopodial length in response to NO, and this
effect is mediated by soluble guanylyl cyclase (sGC). Filopodial elongation increases the sensory
span of an advancing growth cone and, in vivo, this is often coupled with a decrease in the rate of
neurite outgrowth. We demonstrate that NO could function as a combined “slow-down and
search signal” for growth cones by decreasing neurite outgrowth. In the presence of the NO
donor NOC-7, neurites of B5 neurons show a concentration dependent effect on neurite
outgrowth, ranging from slowing at low, stopping at intermediate, and collapsing at high
concentrations. The effects of the NO donor are mimicked by directly activating sGC with YC-1,
or by increasing its product with 8-bromo-cGMP. In addition, blocking sGC in the presence of
NO with NS2028 blocks NO’s effect, suggesting that NO affects outgrowth via sGC. Ca?*
|magzlng of growth cones with Fura-2 indicates that the intracellular calcium concentration
([Ca”"];) increases transiently in the presence of NOC-7. To investigate if a spatial and temporal
correlation exists between the [Ca2+]I and one aspect of growth cone behavior, namely the
regulation of filopodia length, Ca®* was released from the caged compound NP-EGTA (o-
nitrophenyl EGTA tetrapotassium salt) via UV laser on a confocal microscope to simulate a
signaling event in the form of a transient increase in [Ca®*]i. Ca®* was released either globally
(within an entire growth cone), or Iocally (W|th|n a smgle filopodium). We find that global
photolysis of NP-EGTA causes an increase in [Ca?*]; throughout the growth cone lasting several
seconds and results in filopodial elongation which is restricted to the stimulated growth cone.
The effects of uncaging calcium on growth cone morphology are inhibited upon pharmacological
blockage either of calmodulin or the Ca**-dependent phosphatase calcineurin, suggesting that
these enzymes act downstream of calcium. Local elevation of [Ca*]; within individual filopodia
leads to the selective elongation of stimulated filopodia, which may represent a first step towards
directed filopodial steering events seen during pathfinding in vivo. Taken together, our findings
suggest that NO can act as a potent intercellular signaling molecule that affects growth cone
behavior in Helisoma neurons through an elevation of [Ca?*];. The results support the hypothesis
that NO can function as a potent slow/stop signal for developing neurites. When coupled with
transient filopodia elongation, this phenomenon emulates growth cone searching behavior.
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NOS / NO Assembly in Neuromuscular Junction Formation

Dieter Blottner
Chariteé University Medicine Berlin, Campus Benjamin Franklin, Anatomy and
Neuromuscular Group, 14195-Berlin, Germany; dieter.blottner@charite.de

Neuromuscular junction formation is characterized by multiple cellular actions
including axonal outgrowth and neuron-target cell contact, induction of
postsynaptic markers at the site of the putative synaptic region (e.g. acetylcholine-
receptor, AChR) and, subsequently, addition of anchoring or modulatory
molecules, peptides and channel proteins, that build up the molecular complexity
of a functional synapic contact between motorneurons and their target skeletal
muscle cells (1). More than 50 synaptic proteins have been characterized at
present, however, spatiotemporal assembly of the complex molecular architecture
as well as the fine tuning of protein functions are far from being understood. We
recently showed that nitric oxide synthase (NOS) that generates the diffusible
messenger NO is part of postsynaptically AChR clusters on the myotube
membrane induced by the motoneuron factor agrin, and that motoneurons induce
de novo formation of NO in their target myotubes in nerve-muscle cocultures by
e.g. agrin-independent mechanisms (ms. submitted) suggesting a functional role
for NO as e.g. retrograde signal or postsynaptic organizer/mediator in synapse
formation and function (2). In early development, neuronal NOS 1 proteins are
expressed in the myoblast and myotube cytosol. Postnatally, NOS is found at
sarcolemmal compartments suggesting unique intracellular NOS targeting actions
that need further investigations (3). This lecture discusses recent aspects of NO
signaling mechanisms in skeletal myocytes and myotubes covering neuromuscular
synaptogenesis, assembly of postsynaptic proteins, NO-signaling cascades, and
the significance of NO signals in normal neuromuscular system actions.

Supported by DFG project BI-259/3-1,2,3

Literature cited: (1) SJ Burden (1998) Genes Dev 12:133-148; JR Sanes and JW
Lichtman (2001) Nature Rev Neurosci 2:791-805. (2) G Luck et al., (2000) Mol Cell
Neurosci 16:269-281. Blottner et al., ms. submitted. (3) D. Blottner and G. Lick
(1998) Cell Tissue Res 292:293-302.
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Regulation and role of the NO/cGMP signaling pathway during antennal lobe
development of the sphinx moth Manduca sexta.

Joachim Schachtner, Dept. Biology, Animal Physiology, Philipps-University, 35032
Marburg, Germany, email schachtj@staff.uni-marburg.de

The antennal lobe is the primary integration unit for odor information in the insect
brain and compares to the olfactory bulb of vertebrates (Eisthen, 2002, Brain Behav Biol
59:273). Antennal lobe and olfactory bulb not only share their principal morphological
organization into so called olfactory glomeruli, but also a number of basic physiological
properties with respect to information processing (Hildebrand and Shepherd, 1997, Annu Rev
Neurosci 20:595). Olfactory glomeruli represent the basic functional units for odor processing
and contain thousands of synapses between olfactory receptor neurons and neurons of the
antennal lobe or the olfactory bulb.

The aim of our studies is to reveal mechanisms underlying the formation of the
neuronal network in the olfactory glomeruli during development. The system we are using to
study this task is the particularly well established antennal lobe of the sphinx moth M. sexta.

Formation of the antennal lobe of M. sexta occurs during the defined period of
metamorphosis (Tolbert et al., 2004, Prog Neurobiol 73:73). During the phase of glomerular
formation cGMP-levels are specifically elevated in a set of local interneurons of the antennal
lobe (Schachtner et al., 1998, J Neurobiol 396:238). These elevations of cGMP concentrations
are mediated by NO- (nitric oxide) sensitive soluble guanylyl cyclase (sGC) but also by NO-
insensitive guanylyl cyclase(s). The NO-dependent elevation of cGMP seems to be mediated
by activity of the olfactory receptor neurons releasing NO and can be enhanced by biogenic
amines (Schachtner et al., 1999, J Comp Neurol 41:359; Gibson and Nighorn, 2000, J Comp
Neurol 422:191). As shown by immunocytochemistry, members of at least two neuropeptide
families (A-type allatostatins, Manse-allatotropin) colocalize during the phase of glomerular
formation with NO-induced cGMP immunostaining in local antennal lobe neurons. This
opens the possibility that increases of cGMP concentrations lead to the release of
neuropeptides, as shown for other cells in M. sexta during ecdysis (Gammie and Truman,
1997, J Comp Physiol 180:329; Kingan et al., 1997, J Exp Biol 200:3245).

Artificially shifting the pupal 20-hydroxyecdysone (20E) peak to an earlier
developmental time point resulted in the precocious appearance of glomeruli, neuropeptide
immunoreactivity, and the ability of antennal lobe cells to elevate cGMP-levels (Schachtner et
al., 1999, J Comp Neurol 41:359; Schachtner et al., 2004, J Exp Biol 207:2389). These results
support the hypothesis that the pupal rise in 20E plays a key role in controlling glomerular
development. Immunostaining with a specific antiserum against the a-subunit of the sGC
(sGCal) revealed that this subunit is present shortly before formation of the glomeruli starts.
This suggests that a functional sSGC might be one of the regulatory mechanisms in NO/cGMP
signaling pathway regulation during antennal lobe development. It still has to be tested,
whether sGCal-expression is also under the control of 20E.

An antibody against the ubiquitous synaptic vesicle protein synaptotagmin was used to
study glomerular development in M. sexta on a light microscopical basis (Dubuque et al.,
2001, J Comp Neurol 441:277). Pharmacologically interfering with the NO/cGMP signaling
pathway during the phase of glomeruli formation resulted in reduction of synaptotagmin
immunoreactivity as revealed by optical density measurements in Vibratom sections over all
glomeruli. This result suggests that NO enhances the rate of synaptogenesis during glomerular
development via cGMP. Currently we are going a step further in analyzing the effect of
inhibitors of the NO/cGMP signaling pathway on the level of single identified standard
glomeruli.

Supported by DFG grant SCHA 678/3-3
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Examinations on the functional relevance of deficient NOS-reactive

interneuronsin the striatum of the dt* mutant

Svenja E. Kammann, M elanie Hamann, Angelika Richter

Department of Pharmacology and Toxicology, School of Veterinary Medicine,
FU Berlin, Berlin, Germany, email: richtera@zedat.fu-berlin.de

The dt¥ mutant hamster represents a model of idiopathic paroxysmal dystonia in which
dystonic episodes can be induced by stress. Paroxysmal dystonia is age-dependent in the dt™
mutant with maximum expression at an age of 30-40 days and complete remission of dystonia
at an age of about 10 weeks. Recent immunhistochemical studies revealed a deficit of striatal
nitric oxide synthase (NOS)-positive interneurons in mutant hamsters at an age of 31 days (-
21%) compared to age-matched non-dystonic control hamsters. In order to examine the
relevance of these changes, the density was examined in older animals after disappearance of
dystonic symptoms. Furthermore, the effects of intrastriatal injections of inhibitors of the
neuronal NOS and of L-arginine, the precursor of the NO synthesis, on the severity of
dystonia were examined in dystonic hamsters at an age of 31 days. Spontaneous remission of
paroxysmal dystonia (age >90 days) was accompanied by a normalization of the density of
NOS-reactive interneurons within the whole striatum of dt¥ hamsters. However, there
remained a reduced density in distinct striatal subregions (anterior and dorsolateral) in mutant
hamsters in comparison with age-matched controls. Intrastriatal microinjections of L-arginine
and of the NOS inhibitors 7-nitroindazole and N-propyl-L-arginine failed to exert any effects
on severity of stress-induced dystonic episodes, suggesting that a striatal decrease of NO is
not critically involved in the pathophysiology of paroxysmal dystonia. As shown by previous
immunhistochemical and pharmacological studies, an age-dependent deficit of GABAergic
parvalbumin-reactive interneurons which provide the main inhibitory source within the
striatum is obvioudy more important for the pathophysiology of paroxysmal dystonia
Possibly, the migration of striatal parvalbumin- and NOS-reactive interneurons is retarded in
dt¥ mutant hamsters. (Supported by: DFG Ri 845).
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cGMP-mediated signalling in sensory axon pathfinding

Susanne Schéaffer, Hannes Schmidt and Fritz G. Rathjen

Max-Delbriick-Centrum fur Molekulare Medizin, Robert-Rossle-Str. 10, 13125 Berlin

Cyclic GMP (cGMP) — a widely distributed second messenger — is synthesized by soluble and
particulate guanylyl cyclases and degraded by the specific phosphodiesterase V. Known
mediators of cGMP include cGMP regulated phosphodiesterases, cyclic nucleotide gated
cation channels and cGMP dependent kinases. The serine/threonine kinases cGKI and Il are
composed of an NH, —terminal domain, a regulatory segment, and a catalytic domain. In
mammals, two alternatively spliced isoforms of cGKI, termed o and B, with differing NH,-
terminal domains are expressed.

Our previous studies on the pathfinding of sensory axons indicated that the a-isoform of
cGKIl is required for sensory axons to find their way within the dorsal root entry zone (DREZ)
of the spinal cord. In the absence of cGKI we observed by Dil tracing and antibody staining
that many sensory axons fail to bifurcate correctly at the DREZ and instead grow directly to
the central canal.

To broader our knowledge about the role of cGKlo in sensory neurons we analysed the
expression of this kinase in the developing mouse nervous system. Expression of
cGKlo could be detected at E 9,5 in the notochord and in subsets of cranial nerves. At
developmental stage E11 a strong expression in the dorsal root ganglia, cranial nerves,
notochord and peripheral nerves was observed. Sagittal brain sections of postnatal mice
showed the strongest cGKla expression in Purkinje cells of the cerebellum. Other
immunopositive structures include the hippocampus, fimbria hippocampus, corpus callosum,
fibers in the striatum and the mitral cells in the bulbus olfactorius. Wholemount stainings for
neurofilament in wildtype and cGKI-deficient embryos at E10-E12 are currently analysed for
pathfinding errors in the structures mentioned above.

To further our understanding about cGKla's function in the nervous system we aim to
establish downstream targets of cGKlo in sensory neurons. One approach is the search for
substrates of cGKlow making use of the 2D-Electrophoresis method. By comparison of
wildtype and cGKI-deficient tissues stimulated with cGMP-analogs we are looking for an

altered phosphorylation of putative targets.
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Suppression of aggression by nitric-oxide in the cricket
Gryllus bimaculatus

Paul A. Stevenson, Jan Rillich, Korinna Schoch and Klaus Schildberger
Universitat Leipzig, Institut fir Biologie I, Liebigstr. 18, 04103 Leipzig

Our studies have shown that the aggressiveness of male crickets is considerably
enhanced by various behavioural experiences, such as flying, and that the effect of
these experiences may be mediated by the natural release of the biogenic amine
octopamine (Stevenson et al., J. Neurobiol 43:107-120, 2000, and submitted). We
now present evidence suggesting that the expession of aggression in crickets is
suppressed by the endogenous release of the gaseous neuromodulator nitric-oxide.
Firstly, brain neuropiles presumed to be involved in controlling aggression in crickets,
such as the mushroom bodies and mechanosensory-antennal neuropil, exhibited
strong labelling with an antibody directed against universal nitric-oxide-synthetase.
Secondly, male crickets treated with a nitric-oxide donor (SNP) subsequently showed
significantly reduced levels of aggressive behaviour towards conspecific males.
Thirdly, although crickets normally retreat from an approaching opponent for some
hours after a defeat, crickets pretreated with a nitric oxide synthesis inhibitor (L-
NAME) regained their aggressiveness some 15 minutes after losing. We speculate
that activation of the nitridergic system during fighting may be important for timing the

decision to flee.
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New vistas on insect vision
R. Strauss and R. Wolf, Wirzburg
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J. Heitwerth and M. Egelhaaf, Bielefeld
A new role of motion adaptation in the visual motion pathway of the blowfly

H. Weiss, JP. Lindemann and M. Egelhaaf, Bielefeld
Closed loop simulation of the visually guided course control of a fly

R. Kern, L. Dittmar, G. Schwerdtfeger, N. Boddeker and M. Egelhaaf, Bielefeld
Blowflies exhibit saccadic flight style under various free flight conditions

R. Kern, G. Schwerdtfeger, M. Egelhaaf and JH. van Hateren, Bielefeld and Groningen
(NL)
Response of the blowfly H1-neuron to natural optic flow

K. Pfeiffer, M. Kinoshita and U. Homberg, Marburg and Y okohama (J)
Integration of celestial orientation cuesin an identified neuron in the brain of the desert
locust Schistocerca gregaria

N. Boeddeker, JP. Lindemann, M. Egelhaaf and J. Zeil, Bielefeld and Canberra (AUS)
Analysis of neuronal responses in the blowfly visual system to optic flow under natural
outdoors conditions.

K. Karmeier, HG. Krapp and M. Egelhaaf, Bielefeld and Cambridge (UK)
Population coding of self-motion in the blowfly visual system

J. Grewe, N. Matos, M. Egelhaaf and A-K. Warzecha, Bielefeld
Non-linear Dendritic Integration of Visual Motion Stimuli in Fly Motion-Sensitive
Neurons
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Introductory Remarks to Symposium 16
New vistas on insect vision
Roland Strauss and Reinhard Wolf, Wirzburg

Sensory information is processed through multiple stages in the nervous system before an
appropriate motor output is produced. Recent research in insects has considerably furthered
our understanding of the underlying processes and neural substrates. Rister, Heisenberg,
Sinakevitch and Strausfeld disentangle the often parallel pathways of peripheral visual
processing in Drosophila using latest neurogenetic techniques. Haag and Borst can explain
complex receptive field properties of visual interneurons in the blowfly in terms of network
interactions. By studying the visual receptive fields of motor neurons in the fly Krapp and
Huston follow up and analyze in depth distinct pathways from the sensory input to the motor
output. In their analysis of landmark orientation behavior in Drosophila Mronz and Strauss
found new evidence for weighted integration of motion to be the basis. Their simple model
derived form the biological original does produce fly-like autonomous orientation behavior of
a camera-equipped robot. Traveling further into the center of the insect brain, Homberg and
Pfeiffer will describe the processing of polarized light information in the brain of the desert
locust, and how this information is converted into a sky compass. Last not least Wolf and
Heisenberg show that visual pattern recognition in Drosophila is invariant for the retinal
position. Moreover, they provide compelling evidence for the usage of selective visual

attention in this process.
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Neur ogenetic analysis of the functional role of the T1 basket cell,
a prominent interneuron of thefly’svisual system

JensRister?, Irina Sinakevitch?, Kei 1to®, Martin Heisenberg' and Nicholas James Strausfeld?

Lehrstuhl fiir Genetik und Neurobiologie, Universitat Wirzburg, Am Hubland, 97074 Wirzburg, Germany
2Division of Neurobiology, University of Arizona, 611 Gould-Simpson, Tucson, AZ 85721, USA
®Institute of Molecular and Cellular Biosciences, University of Tokyo, Yayoi 1-1-1, Bunkyo-ku, Tokyo 113-0032, Japan

In flies, each visual sampling unit (VSU) comprises six photoreceptors (R1-R6) that look at
the same point in space. Beneath the retina, VSU are organized as functional units, called
lamina cartridges, in which six photoreceptor endings are associated with 12 types of neurons.
One of these is the T1 basket centripetal neuron that receives indirect input from surrounding
cartridges via the alpha components of the type 1 lamina amacrine cell (Campos-Ortega and
Strausfeld, 1973). Recent functional and immunocytological studies (Douglass and Strausfeld,
2003; Sinakevitch and Strausfeld, 2004) propose that the first step of motion detection is non-
directional and is achieved through interaction between the basket-like dendrites of T1, with
its participating presynaptic network of amacrine processes, and the L2 monopolar cell that
accompanies T1 to the medulla. We are currently testing this model in Drosophila
melanogaster by means of the GAL4/UAS system (Brand and Perrimon, 1993), where the
transcription factor GAL4 is used to drive cell- and tissue-specific expression of desired
transgenes. In a screen of a GAL4-line image database, we have identified a GAL4 line which
selectively labels the T1 basket cells. This should allow us to block the output of T1’s
chemical synapses by GALA4-directed expression of tetanus neurotoxin light chain (TNT;
Keller et al., 2002), which specifically cleaves neuronal synaptobrevin and therefore prevents
evoked synaptic vesicle release (Sweeney et al., 1995).

The behavioural consequences of targeted TNT expression in T1 cells were studied in
classical optomotor experiments for testing walking but not flying flies. TNT expression in T1
was confirmed by detection of the neurotoxin with an anti-TNT antibody. When stimulated
with a striped drum moving around the animal at a constant velocity (contrast frequency: 1.2
Hz), freely walking flies with GAL4-driven TNT expression in T1 neurons show wild-type
optomotor turning responses and compensate for the large field stimulus with changes in body
angles not significantly different from control flies. Next, the GAL4/TNT flies were tested
under different light intensities at a constant contrast frequency (1Hz; 45°) while walking on a
locomotion recorder (Buchner, 1976). The direction-sensitive (open loop) optomotor turning
response of flies expressing TNT in T1 is also not different from control flies, even in the
vicinity of the low intensity threshold. Finally, head roll responses of tethered flies elicited by
large field motion were measured and also turned out to be unaffected by TNT expression in
the basket cells. One interpretation of the current results is that T1 has an exclusive role in
flight optomotor behaviour. Another is that the level of neurotoxin expression was not
sufficient to fully block the output of all T1 cells or, thirdly, that their synapses are
characterized by a molecular machinery which is not affected by TNT expression. We are
currently investigating all three hypotheses.
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Network interactions underlying complex receptive field
properties of fly visual interneurons

Juergen Haag and Alexander Borst

Max-Planck-Institute of Neurobiology
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Am Klopferspitz 18a
D-82152 Martinsried, Germany

Neurons responding to visual motion found at higher processing stages in many
species are often specifically tuned to particular flow-fields. However, the neural
circuitry leading to this selectivity is not yet understood. We studied this problem in
the so-called VS-cells (Vertical System) of the lobula-plate in the fly. Within each
brain hemisphere, the lobula plate contains only 10 VS-cells that can be individually
identified (Hengstenberg et al., 1982). These neurons possess distinctive local
preferred directions in different parts of their receptive field (Krapp et al., 1998).
Investigating the connectivity between different VS-cells by means of dual
recordings, we found that they are electrically coupled with each other. The coupling
strength thereby depended on the anatomical distance of the VS-cell dendrites within
the lobula plate. The analysis of the responses to current injection revealed that each
VS-cell is not directly connected to all other VS-cells, but only indirectly via its
immediate neighbors. This coupling is responsible for the elongated horizontal extent
of the receptive fields of VS-cells. For VS-cells with a lateral receptive field we found
in addition connections to the horizontal system, tuning these cells to rotational rather

than to translational flow fields.

Hengstenberg R., Hausen K. and Hengstenberg B. The number and structure of giant vertical cells (VS)
in the lobula plate of the blowfly Calliphora erytrocephala. J.Comp.Physiol.A 149, 163-177 (1982).

Krapp H. G., Hengstenberg B. and Hengstenberg R. Dendritic structure and receptive-field
organization of optic flow processing interneurons in the fly. J.Neurophysiol. 79, 1902-1917 (1998).
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Encoding self-motion: From visual receptive fieldsto motor neuron response maps
Holger G. Krapp and Stephen J. Huston
Department of Zoology, University of Cambridge, Downing Street, Cambridge CB2 3EJ, UK

Sensory systems sample information about the environment using arrays of local receptors.
Behaviourally relevant features are then extracted from these receptor arrays by integrating local
receptor responses. At some stage sensory information has to be transformed into a pattern of motor-
activity that mediates and controls adequate behaviour. One of the most fundamental questions in
Neuroscience is how, and at which stage such sensory-motor transformations take place in the nervous
system.

In the fly visual system identified visual interneurons, tangential neurons (TNs), selectively
integrate local motion information. The receptive field organisation of individual TNs is highly
reminiscent of optic flow fields resulting from particular aspects of the animal’s self-motion in space
(Krapp & Hengstenberg 1996). Ten Vertical System TNs (VS neurons) integrate local motion
information that matches the structure of optic flow fields generated during rotations around
horizontal body axes while three Horizontal System TNs (HS neurons) may be involved in indicating
rotations around the vertical body axis and horizontal translations. We used the receptive field
organization of these TNs to quantitatively estimate each neuron’s preferred axis of rotation.

90! 9 - VS and HS tangential neurons provide
9 © o9 | direct and, via descending neurons, indirect

- ) visual input to neck motor neurons (NMNS).
= 0% 8o @@@o" ° NMNs control gaze stabilizing head
g0 8% °¢ °© % 9o | movements. We apply extracellular recording
3 0 ®° °© SF@SS | techniques to locally determine the visual
e response properties of several NMNs. The

0° o g o resulting NMN response maps allowed us to

-90| | run the same analysis as used on the TNs. As a
-180 -90 0 90 180 result we obtain the distribution of preferred
azimuth [ © ] rotation axes of NMNSs. In the figure each

circle indicates the orientation of a preferred rotation axis defined by angles of elevation and azimuth,
where azimuth = elevation = 0° corresponds to the fly’s longitudinal body axis. The distribution of
NMN rotation axes (black circles) is plotted on top of the distribution of TN rotation axes (grey
circles). The good correspondence between the two distributions suggests that TNs and NMNs use a
common coordinate system to encode self-motion and control head movements, respectively.

Where does the sensory motor transformation in the gaze stabilization system take place?
Local motion information is analysed along ommatidial rows in the fly’s hexagonal eye lattice. Thus
sensory information on directional motion is encoded in local retinal coordinates. The transformation
to motor coordinates is achieved at the TNs by selectively integrating local motion information.
Embedding self-motion information into motor coordinates at such early stage facilitates visual gaze
stabilization.
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A simple model for visual object orientation in the walking fruit fly

Markus Mronz "? and Roland Strauss '

' LS Genetik und Neurobiologie, Biozentrum der Universitat Wirzburg, Am Hubland,
97074 Wirzburg, Germany
2 Current address: Neurobiologie, Universitat Ulm, Albert-Einstein-Allee 11, 89081 Ulm, Germany

Drosophila is known to choose, with a high probability, the nearest of several similar objects first. The flies
use self-induced parallax motion of the object images on the eye to evaluate their distances (Schuster et al.
2002, Curr Biol 12:1591-4). The amplitude of the parallax motion depends not only on the distance but also
on the angular position of an object image on the eye of the fly. The closer the object the larger is the shift.
The shift increases from frontal to lateral image positions and it is greatest at 90°.

The present study asked whether the distance estimation system is selective for parallax motion created by
the fly’s self-motion or whether motion of objects can increase their attractiveness because they appear to be
closer to the fly. A computer-controlled cylindrical panorama made of light-emitting diodes has been used to
create a virtual world for the fly (Strauss et al. 1997, J exp Biol 200:1281-96). Using virtual-reality techniques,
objects were simulated at different distances and angular positions. In some experiments the fly’s self-motion
was taken into account and used to keep objects stationary on the retina of the freely moving fly (virtual open
loop). The data show that flies prefer objects the more, the larger the shift of the object image becomes on
the retina. Attractiveness is independent of the source of the retinal shift, object motion or self-motion of the
fly. However, front-to-back motion (the natural direction created by a forward-moving fly) is preferred over
back-to-front motion. Surprisingly, the preference for near objects disappeared when a near object was
presented together with several distant objects on one eye and within a viewing angle of less then 90°. This
observation led to the assumption that parallax motion is spatially integrated over larger areas of the eye and
not perceived by the fly as an entity of the single object. The extent of parallax motion caused by a stationary
object on the retina of a walking fly depends not only on the distance but also on the angle under which it is
seen. The closer the object, the larger becomes the parallax motion. But by physics the retinal shift of the
object reaches also a minimum during a head-on approach and a maximum when the fly passes the object
under 90°. Although Drosophila prefers the larger amount of visual motion at a given presentation angle, it
clearly prefers frontal over lateral objects. In order to account for the preference for frontal objects an
amplification of the frontal and caudal eye regions is postulated which would otherwise receive less parallax
motion than the lateral regions. It turned out that walking flies responded only delayed to the presentation of
a novel single object. This delay is consistent with the idea of temporal integration of parallax motion for
distance estimation. Astonishingly, the subsequent course change depended on the viewing angle of the
object. If an attractive object was shown in the fronto-lateral eye region the flies turned towards it. If it
appeared in the caudo-lateral part of the retina the flies preferentially turned away from it. Based on these
findings a minimal model for object orientation has been proposed. This model neither comprises object
identification nor any form of object representation. Visual input is restricted to visual flow only. This visual
motion is integrated in four compartments, a fronto-lateral and a caudo-lateral compartment per eye.
Depending on which compartment reaches a choosen threshold first, a turning response will be elicited
either towards (fronto-lateral compartment) or away from the target object (caudo-lateral compartment). To
compensate for the small amount of parallax motion in the frontal and caudal eye regions a weighting
function has been introduced. Additionally and in accord with fly data, also front-to-back motion has been
weighted stronger in the model than back-to-front motion. The algorithm was finally implemented on a mobile
robot equipped with a video camera with fish-eye lens allowing for panoramic vision. The performance of the
robot was measured and quantitatively compared to the orientation behaviour of walking fruit flies in up
scaled, otherwise identical surroundings. The robot indeed reproduced successfully many aspects of the fruit
fly's object orientation behaviour and showed fly-like autonomous orientation behaviour in the presence of
various object arrangements. (Supported by a BMBF-BioFuture grant to R.S., FKZ: 0311855)

E-mail address for correspondence: markus.mronz@biologie.uni-ulm.de
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Polarization vision and sky compass in the desert locust

Uwe Homberg and Keram Pfeiffer

Department of Biology, Animal Physiology, University of Marburg, 35032 Marburg,
Germany, homberg@staff.uni-marburg.de

Similar to many vertebrate species, insects rely on a sun compass for spatial orientation. In
addition to the perception of direct sunlight, they can also detect the polarization pattern of the
blue sky and use it to estimate navigational directions (Wehner 1992, in F. Papi, ed. Animal
homing. Chapman, London, pp 45-144). Photoreceptors adapted for the detection of the sky
polarization pattern are concentrated in a small dorsal rim area of the compound eye (Labhart
and Meyer 1999, Microsc Res Tech 47:368-379). To understand the neural mechanisms
involved in sky compass orientation, we have analyzed the polarization vision system in a
favorable insect, the desert locust Schistocerca gregaria.

The locust compound eye has a prominent dorsal rim area that shows ultrastructural
features typical for polarization analyzers and has photoreceptors with high polarization
sensitivity (Eggers and Gewecke 1993, in Wiese K et al., eds. Sensory systems of arthropods.
Birkhéuser, Basel pp 101-109). Stationary flying locusts show polarotactic yaw-torque
responses when illuminated through a rotating polarizer from above (Mappes and Homberg
2004, J Comp Physiol A 190:61-68). This response is abolished when the dorsal rim areas are
painted black. Photoreceptors from the dorsal rim areas project to distinct dorsal rim areas in
the lamina and medulla. Tracer injections revealed central processing stages of the
polarization vision system, including the anterior lobe of the lobula, the anterior optic
tubercle, the lateral accessory lobe, and the central complex in the locust median
protocerebrum.

Physiological analysis of polarization-sensitive (POL) neurons has focussed on the
anterior optic tubercle and the central complex. Most POL neurons show polarization
opponency, i.e. they receive maximal tonic excitation at a particular e-vector (®p.x) and are
maximally inhibited at an e-vector perpendicular to ®y,.«. In addition to dorsally presented
polarized light, most neurons in both areas are also sensitive to unpolarized light. Three pairs
of commissural POL neurons of the anterior optic tubercle have been studied most
extensively. The neurons have characteristic ®y.«-orientations, which are symmetric in the
bilateral pairs of neurons. Their response to unpolarized light is highly dependent on stimulus
azimuth, and is maximal at an azimuth roughly perpendicular to their preferred e-vector
orientation (®p,,y). The response to unpolarized light is not mediated by photoreceptors of the
dorsal rim area. These properties suggest that information on solar azimuth and sky
polarization pattern is combined in a meaningful way by these neurons to increase the
robustness of the navigation system against various clouding and daylight conditions.

Many POL neurons of the central complex receive polarization input from both
compound eyes. The neurons have large visual fields of more than 90° and show highly
similar ®@p,c-orientations throughout their field of view. Visual fields for polarization
sensitivity are zenith-centered which allows for coding of solar azimuth independent of solar
elevation. These neurons are, therefore, suited to encode head direction of the locust under
various sky conditions. Analysis of the polarization vision system in the locust brain suggests
that visual signals from the sky are processed in several distinct steps. Together with still
unknown mechanisms for time compensation, this might, finally, enable neurons of the
central complex to provide a robust compass signal for the control of flight and walking
directions.

Supported by DFG grants HO 950-13 and HO 950-14
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Pattern recognition in Drosophila requires selective visual attention
Reinhard Wolf and Martin Heisenberg
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In the flight simulator, Drosophila is flying stationarily (fixed to a torque meter) in the centre
of a cylindrical panorama. The angular velocity of the panorama is made negatively
proportional to the fly’s yaw torque. In this way, the fly can visually control its flight
direction with respect to visual pattemsl.

In a learning paradigm (flight simulator learning), two pairs of visual patterns are
displayed in alternating order spaced by 90°. The fly quickly learns to avoid flying towards
one of the two patterns, if this is associated with dangerous heat, applied by a beam of
infrared light. In the standard experiment, the fly can discriminate the two patterns only by the
height of their centers of gravity (COG)~.

In a different learning paradigm (yaw torque learning) in which the fly receives no
motion feedback from the panorama, two different patterns are simultaneously presented at
fixed lateral positions of +45° and - 45°. The spontaneously generated yaw torque of the fly is
used to switch the heat beam on or off, depending on the fly's intended turns either to the right
or to the left side (training). During the memory test, the fly’s yaw torque is measured while
heat is permanently switched off. Between training and memory test, the patterns can be
shifted to new positions (transfer test). Surprisingly, if the two patterns at the +/-45° positions
are just switched, the fly also switches its yaw torque bias and preferentially tries to fly
towards the very side that was dangerous and therefore avoided during training(!). Thus, the
fly had associated heat (and/or no-heat) with the visual pattems3 .

In both learning paradigms the fly has to associate the two patterns differentially with
heat (and/or no-heat) during acquisition. Yet, the two features are simultaneously visible,
irrespective of whether heat is on or off. It follows, that the fly must be able to confine the
formation of associations to visual patterns in special positions. In flight simulator learning
the fly might, for instance, limit the acquisition process to the frontal part of the visual field.
(If the occurrence of a certain pattern in the frontal visual field would coincide with heat, it
would be labeled 'dangerous to approach'.) In yaw torque learning the fly also attaches
different ‘values’ to the two patterns if turning towards one of them during training causes
being heated. In this experiment the position at which the association is formed can be as far
lateral as +/-80° (and perhaps even further). Pattern positions can be freely chosen by the
experimenter. Hence, the fly must have considerable flexibility in choosing the critical part of
the visual field. Assuming that in the two learning paradigms the fly uses the same
translation-invariance mechanism, one also needs a common mechanism of position
selectivity in the two paradigms. Considering that 'selection of visual half-fields' does not
work in flight simulator learning and 'fixed frontal positions' does not work in yaw torque
learning, we have to assume a temporally and spatially variable gating process, which we call
’windolvz 6of attention'. Evidence for selective visual attention in Drosophila has been found
earlier ™.

! Heisenberg M, Wolf R (1984): Vision in Drosophila: Genetics of Microbehavior. Braitenberg V, Ed. (Studies
of Brain Function, vol /2, Springer Verlag, Berlin)

ZWolf R, Heisenberg M (1991): J. Comp. Physiol. A 169: 699-705

3 Tang S, Wolf R, Xu S, Heisenberg M (2004): Science 205: 1020-1022

*Wolf R, Heisenberg M (1980): J. Comp. Physiol. A 140: 69-180

% Schuster S (1996): Doctoral Thesis, University of Tiibingen

®yan Swinderen B, Greenspan RJ (2003): Nature Neurosci. 6:579-586

#S16-6



Gottingen NWG Conference 2005

Functional properties of visual neurons in male blowflies presumably involved in chasing
behaviour

Christine Trischler, Norbert Boeddeker, Roland Kern and Martin Egel haaf

Neurobiology, University of Bielefeld; P.O. Box 100131, 33501 Bielefeld, Germany
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Male blowflies chase females in the context of mating behaviour in fast acrobatic flights.
Chasing-behaviour has been concluded to be guided by information about the direction and
the size of the target as seen by the chasing fly (Boeddeker et al., 2003, Proc R Soc Lond B.,
270: 393-399). This visual information is thought to be processed in male-specific visual
interneurons that reside in the blowfly’s third visual neuropile (Strausfeld, 1991, J Comp
Physiol. A, 169: 379-393).

These neurons are investigated by intracellular recordings during presentation of two classes
of visual stimuli. On the one hand, properties of the neurons are determined by presentation of
simple visual stimuli. On the other hand, a novel approach is applied to unravel the role of
male-specific neurons as potential control mechanism of chasing behaviour: Blowflies
chasing either dummy targets or other blowflies are filmed with a pair of digital highspeed-
cameras with an image acquisition rate of 500 Hz. On the basis of these data the blowfly’s
and the target’s position and orientation during the chase are reconstructed and thus, the size
and the position of the target as seen by the pursuer is calculated. These stimuli are replayed
on a monitor, thus presenting complex, dynamic stimuli as they occur in natural behavioura
situations.

Simple visua stimulation allows us to classify the neurons on the basis of their response
characteristics, such as selectivity for small-field motion and sensitivity for motion in
different directions. The response amplitudes are large for movement directions which
dominate during a chase. All investigated neurons spread their receptive field over the
dorsofrontal area of the retina, covering the ‘acute zone', a region where the image of a
pursued target is stabilised. The predominantly large receptive fields are in some neurons
extended far into the contralateral visua field.

Currently, it is being analysed with complex visual stimuli which visual cues can be extracted
by the neurons from natural retinal input. These cues will be related to predictions based on a
phenomenological model of the control system mediating chasing behaviour (see Boeddeker
and Egelhaaf, 2003a, Proc R Soc Lond B., 270: 1971-1978) to assess to which extent
information processing by the male-specific neuronal system is adapted to behaviourally
relevant conditions.

Supported by the DFG via the Graduate and Postdoctora Program ‘Strategies and
Optimisation of Behaviour’
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Posttranslational modification of the Drosophila visual Gy subunit:
protein farnesylation facilitates membrane attachment of the
betagamma complex in vivo
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Huber'
From the "Institut fiir Zoologie, Universitat Karlsruhe, Germany and “Department of Biology,
Biotechnical Facility, University of Ljubljana, Slovenia
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Fig.1 Maldi-Tof spectrum of overexpressed non-mutated Drosophila Gye. The determined molecular masses
correspond to y-subunits which have been modified by acetylation, farnesylation and cleavage of last three amino
acids. A methylated (9631.97) and a non-methylated (9617.88) form of Gye have been detected.

Activation of phototransduction in the compound eye of Drosophila is mediated by a
heterotrimeric G protein which couples to the effector enzyme phospholipase CpB. The y-
subunit of this G protein (Gye), as well as y-subunits of vertebrate transducins contain a
carboxy-terminal CAAX-motif with a consensus sequence for protein farnesylation. After
farnesylation of the cysteine residue the last three amino acids of the CAAX-motif are
cleaved off and the terminal cysteine usually becomes methylated. To study farnesylation of
Drosophila Gye, we mutated the farnesylation site and overexpressed the mutated Gye as
well as non-mutated Gye in Drosophila photoreceptor cells. Mass spectrometry of
overexpressed Gye subunits revealed that non-mutated Gye is modified by farnesylation and
acetylation (Fig. 1), whereas the mutated Gye is not farnesylated. Native Gye is also modified
by acetylation and farnesylation. In the transgenic flies, mutated Gye forms a dimeric
complex with GBe, and the fraction of membrane bound Gy is decreased. Thus,
farnesylation of Gye facilitates the membrane attachment of the Gy complex.
Electroretinogram recordings revealed a significant loss of light-sensitivity in eyes of
transgenic flies which express mutated Gye. This loss in light-sensitivity reveals that post-
translational farnesylation is a critical step for the formation of membrane-associated Gafy
required for transmitting light-activation from rhodopsin to phospholipase Cp.
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A new role of motion adaptation in the visual motion pathway of the blowfly
J. Heitwerth & M. Egelhaaf
Department of neurobiology, Bielefeld University
email: Jochen.Heitwerth@Uni-Bielefeld.de

The properties of motion sensitive neurons of blowflies have been shown in previous studies (e.g.
Maddess & Laughlin 1985, de Ruyter van Steveninck et al 1986, Borst A. & Egelhaaf 1987, Kurtz et
al 2000, Fairhall et al 2001, Harris & O’Carroll 2002 ) with various stimulus paradigms to depend on
stimulus history. These changes in responses properties are usually termed ‘motion adaptation’,
although their adaptive value is not always evident. In all these studies artificial stimuli, such as
constant velocity motion, motion steps or white-noise velocity fluctuations were employed. Since
under behavioural conditions, the motion stimuli encountered by blowflies have characteristic
dynamical properties, we investigated the potential functional significance of motion adaptation with
natural optic flow. As a consequence of the saccadic flight and gaze strategy of blowflies, the major
rotations of the animal occur during saccades; between saccades the translatory optic flow component
dominates in the low frequency range. We investigated the motion adaptation with a natural optic flow
sequence that was generated by a blowfly flying virtually a loop. 15 repetitions of this loop were used
as our stimulus to assess changes in the neuronal response.

The performance of the spiking H1 neuron was investigated by various measures. As in previous
studies, the mean spike count of the responses decreased considerably during maintained stimulation.
However, the spike count variability as related to the mean spike count (i.e. Fano factor) did not
improve with prolonged stimulation. The timing precision did not change consistently as well. And the
latency of the first spike after the onset of a saccade even increased slightly with prolonged
stimulation. Hence, the reliability of the neuronal responses did not increase as a consequence of
prolonged motion stimulation. Although the spike count decreased by approximately 45% during
maintained motion stimulation, the amount of information conveyed by the neuronal responses only
slightly decreased (15%). Thus the cell needs fewer spikes for transmitting almost the same amount of
information. The information per spike thus increased accordingly (Fig. 1). Since the generation of
spike has relatively high energy costs, our finding suggests that parsimonious coding is realised by
adaptation.

Information per spike [bits]

1] 5 10 15
repetitions of the loop

Figure 1: Information per spike increases with prolonged stimulation. One loop lasts about 0.7 seconds.
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Closed loop simulation of the visually guided
course control of a fly

Holger Weiss, Jens Peter Lindemann*, Martin Egelhaaf
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Flies traverse their environment mostly driven by their visual input. As a precondition,
a large part of the fly's brain processes visual information. The question that arises
is, what does the fly do with all the information? It has been shown, that many
neurons encode the optic flow a fly observes when moving through its environment.
This optic flow information is most certainly involved in the steering process. For the
horizontal plane we have modelled visually guided behaviour with a pair of cells, the
so-called HSE-cells, that encode information about the horizontal optic flow and are
suggested to be involved in flight control.

The model consists of four major modules: First the renderer that generates the arti-
ficial world of the virtual fly. Second the visual input system is a realistic model of the
two HSE-cells. The third module generates translational and rotational forces to steer
the fly. The fourth module moves the fly according to the generated forces, friction
and inertia. The new coordinates and the orientation of the virtual fly are then passed
again to the renderer closing the loop.

The virtual fly was confronted with tasks that have been tested in behavioural expe-
riments, including obstacle avoidance, flying straight in a tunnel and the optomotor
following response. Using a continuous feedback control system the fly was not able
to navigate through the tunnel but always crashed into one of the walls due to the
fact that it was not able to distinguish between the rotation it just initiated and the
translation.

Turning into another direction lets fast flying insects drift sideways because of inertial
forces. This drifting makes a continuous steering far more complicated as the drift
needs to be taken into account when analysing the optic flow. This is particularly
challenging because motion detectors in flies encode velocity in a nonlinear way.

Saccade-like turns, i.e fast changes in body orientation, as they are observed during
normal flight of flies, represent a means by which the mechanism that analyses the
optic flow may separate rotational and translational flow. Shortly after a saccade the
sideward drift is at a maximum and during the intersaccade it decreases until the next
saccade is generated.

Using this saccadic flight mode, the virtual fly was able to navigate safely trough
tunnels of different widths and with diverse patterns on their walls.

*Jens.Lindemann@Uni-Bielefeld.DE
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Blowflies exhibit saccadic flight style under various free flight conditions

R. Kern, L. Dittmar, G. Schwerdtfeger, N. Boddeker, M. Egelhaaf
Dept. of Neurobiology, Faculty for Biology, Bielefeld University, D-33501 Bielefeld, Germany.

Blowflies change their direction of flight by saccadic turns of the body, at least when flying

in relatively small cubic flight arenas (Schilstra, C. & van Hateren, J.H. Stabilizing gaze in flying
blowflies. Nature 395, 654 (1998). Between saccades body and head orientation is kept rather
stable. This saccadic flight and gaze strategy can be interpreted as a means to largely separate the
rotational and translational components of optic flow. As a consequence, optic flow on the eyes of
the fly in the intersaccadic intervals can be used to obtain information about the 3D layout of the
present environment (Kern et al., submitted).

Here, we systematically investigated whether the saccadic flight style of blowflies persists

under various environmental conditions, c.f. when flying in elongated boxes with and without
obstacles or with and without much textural coating. Flies flying spontaneously in the flight box
(length 2.3 m, height 20 cm) of variable width (9, 18, 36, and 40 cm) were recorded with high speed
cameras (500 frames/sec). Evaluation of the high-speed videos provided us with the position of the
fly in space and the orientation of the body long axis over time.

Blowflies exhibit a saccadic flight strategy not only when flying around obstacles, but also

when flying along an elongated flight arena without obstacles where, in principle, no turns were
needed (see figure). As a result their trajectory meanders, though the overall course is rather straight
(see figure). The frequency of saccades and their peak velocities depend on the width of the flight
box. For instance, flies make more and faster saccades per second in the wide tunnel than in the
medium one. The translation velocity depends on tunnel width, i.e. flies move faster in the wide
than the narrow flight box.

Due to the frequent body (head) turns of the flies and the consequences of inertia the fly is

subject to sideward motion (drift) for a remarkably large portion of the total flight time. During
these time intervals gaze direction and flight direction do not coincide (see figure).

In experiments performed with unilaterally blinded flies we challenge our hypotheses on the

mechanisms of saccade initiation.

Flight tunnel

20mm | Flight trajectiy

N\/\,’—\_/\/_\/\/__
50mm

Body yaw and flight direction Body yaw velocity

500deg/s

— yaw —— flight direction 250ms 250ms
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Response of the blowfly H1-neuron to natural optic flow

R. Kern, G. SchwerdtfegerM. Egelhaaf J.H. van Haterén

" Dept. of Neurobiology, Faculty for Biology, Biedé University, D-33501 Bielefeld, Germany.
* Dept. of Neurobiophysics, University of Groning®@47 AG Groningen, The Netherlands.

We investigated the processing of natural optiwfliy the H1-neuron, a wide-field motion sensitiveuron

in the blowfly visual system. Natural optic flow sv@btained by first measuring the flight paths aedd
movements of flies flying in a cage (J. Exp. B@02:1491-1500, 1999), and subsequently reconstigittie
visual stimulus as viewed by the head during thiéghts. We replayed the resulting movies on a,fast
panoramic stimulus device (Vision Res. 43:779-78103), whilst recording from the H1-neuron.The opti
flow in the movies consists of contributions fromartslation and rotation. Furthermore, blowfly fligk
characterized by fast, saccadic turns of the thosébh a more stable orientation in the periodsseen the
saccades. Compensating head movements further @nhhe stability of gaze between the saccades.
Because earlier studies of H1 using naturalistiicdfow have ignored both the flow due to translatand
the existence of saccades, we constructed two ajostimuli for investigating the consequences of
neglecting either of these. The control stimulusthwut translation” was made by constructing movigh

the normal rotational movements of the fly, buthwits (virtual) position fixed in the centre of tbage. The
control stimulus “without saccades” was construdigdissuming that the (virtual) fly would be loogimto
the local direction of its flight path. Althoughehlight path contains turns, these are much snevathd
occurring less frequently than the saccades.
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The figure shows the resulting spike rates for theckHlls from the left and right eye (upward and
downward going histograms, respectively; the respasf the right H1-cell was approximated by reaogdi
the response of the left cell to a properly mirdongovie). The upper panel shows the yaw velocitiation
about a vertical axis) for the original movie (donbus trace, with the peaks showing saccadesjarttie
movie without saccades (broken line, marked “trdirection”). During normal optic flow (panel marked
“original”), the H1-cell mainly responds to the sades. This is because H1 is sensitive to backetu-fr
motion, and is therefore normally suppressed duforgvard flight (i.e., front-to-back motion). Onlg
saccade producing strong back-to-front motion piliéscell out of suppression. The panel markedHuuit
translation” shows that H1 is indeed active for achlarger proportion of the time when the suppogss
due to translation lacks. Finally, the responsagigin dramatically changed when the saccades gteated
(but with the translational flow still there).

We conclude that, in normal flight, H1 is mainispending to saccades. Since H1 gives input to eoeum
of tangential cells being part of different neuronatworks in the fly lobula plate, its functionadle in
various behavioural contexts — for example in FéggGiround discrimination - will be discussed.
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Integration of celestial orientation cues in an identified neuron in the brain of
the desert locust Schistocerca gregaria

Keram Pfeiffer!, Michiyo Kinoshita?, and Uwe Homberg!

lUniversity of Marburg, Animal Physiology, 35032 Marburg, Germany, 2Yokohama
City University, 22-2 Seto, kanazawa-ku, 236-0027 Yokohama, Japan,

corresponding author: Pfeiffer@staff.uni-marburg.de

Long-distance traveling requires a reliable compass system for accurate navigation.
The inhomogeneity of celestial light provides a number of directional information
sources, such as spatial differences in light intensity, wavelength, e-vector orientation
and degree of polarization that can be exploited to build a neuronal sky-compass.
Many insects, amongst them the desert locust, are known to use the celestial
polarization pattern for compass orientation (reviewed by Homberg 2004,
Naturwissenschaften 91:199).

A specialized dorsal rim area of the compound eye consisting of highly
adapted ommatidia allows the perception of the plane of polarized light. The e-vector
information is processed by polarization-sensitive interneurons (POL-neurons).
Recent morphological findings (Homberg et al. 2003, J Comp Neurol 462:415)
suggested that POL-neurons of the anterior optic tubercle of the desert locust do not
only receive input from the dorsal rim area, but also from lateral and ventral regions
of the compound eye that are not polarization-sensitive.

With intracellular recordings combined with tracer injections, we investigated
whether an identified POL-neuron from the anterior optic tubercle also processes
celestial cues other than the e-vector pattern to estimate solar azimuth directions. In
addition to dorsally presented linearly polarized light with rotating e-vector, we
stimulated with a “white” LED moving on a circular path around the center of the
locust head at an elevation of 45° and with laterally presented, isoquantal,
monochromatic light between 330 nm and 600 nm.

The lobula-tubercle neuron (LoTul) shows a sinusoidal all-activation e-vector-
response curve to dorsally presented linearly polarized light. A small white light spot
(LED) activates the cell, but only when presented at a particular azimuth. The
preferred e-vector orientation differs approximately 90° from the preferred azimuth of
the LED, reflecting the angular relationship between e-vector orientation and solar
azimuth in the natural sky. In addition, LoTul shows color opponency for ipsilaterally
presented unpolarized light. While UV (350 nm) leads to inhibition, green light (530
nm) activates the cell. This response characteristic might reflect spectral gradients in
the sky, but the azimuthal dependency of this response remains to be tested. The
results suggest that LoTul neurons signal the angular relationship between the
locust’s head and the solar azimuth by integrating at least three sources of
information: (1) e-vector angle, (2) position of the sun, and (3) chromatic gradients in
the sky.

This work was supported by DFG grant Ho-950/13
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Analysis of neuronal responses in the blowfly visual system to optic flow under natural
outdoors conditions.

Boeddeker N*?, Lindemann JP*, Egelhaaf M', and J. Zeil?

'L ehrstuhl Neurobiologie, Universitat Bielefeld, Postfach 10 01 31, D-33501 Bielefeld
’RSBS Australian National University PO Box 475, Canberra, ACT 2601 Australia

e-mail: norbert.boeddeker@uni-bielefeld.de

Visual information is important for biological and artificial visual systems to control and guide
locomotion. The optic flow at the eyes of a moving observer contains information on both the
observer's own movement and on the three-dimensional structure of the environment. The goal of this
project is to characterise the optic flow under natural conditions and to understand how an insect’s

nervous system extracts useful information from it to guide behaviour.

Flight paths of blowflies were recorded outdoors with two orthogonally oriented digital high—
speed cameras and reconstructed in 3D, including yaw orientation, using custom-made software
(FlyTrace: Lindemann JP, Boddeker N & Egelhaaf M; Géttingen Neurobiology Conference, p.1065,
2003). The next day around the same time, we moved a panoramic imaging device (Zeil et al. J Opt
Soc Am A 20: 450-469, 2003) along exactly the same flight paths to reconstruct the optic flow
experienced by the fly during these flight manoeuvres. Panoramic image sequences were
transformed and processed by 3D rendering software to generate the data format required by our flight
simulator (FliMax: Lindemann et al. Vision Research 43: 779-791, 2003) and to feed the image
sequences into a computational model of the fly’s visual system. The image sequences were replayed
in the flight stimulator while recording from visual interneurons (HS-cells) in the blowfly’s visual motion
pathway. HS-cells are thought to play a role in extracting optic flow information from the retinal input
for the control of visually guided behaviour. With FliMax it is possible to stimulate large parts of the

blowfly’s almost panoramic visual field at sufficiently high frame rates (370 Hz) for fast insect vision.

We created different types of optic flow, which allow us to compare the original motion signals to
signals originating from modified trajectories. We find that rotational velocity dominates the neuronal
responses under all conditions tested and that it is represented in a highly nonlinear way. However,
responses to the optic flow generated by the original trajectories diverge from the pure rotation
condition, for instance when a leaf on which the fly will eventually land appears in the receptive field of
the three different HS-Cells.

We conclude that under “real life conditions”, HS-Cells code information about self-motion and
about the spatial layout of the environment. In future behavioural and electrophysiological studies we
will assess the dependence of neuronal information processing on the animal’s self-motion and on the

specific properties of the surroundings.

Supported by Deutsche Forschungsgemeinschaft and Centre for Visual Sciences, ANU
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Population coding of self-motion in the blowfly visual system

Katja Karmeierl, Holger G. Krappz, Martin Egelhaaf1
'Bielefeld University, Department of Neurobiology, PO Box 10 01 31, 33501 Bielefeld, Germany
2University of Cambridge, Department of Zoology, Downing Street, Cambridge CB2 3EJ, UK

Sensory information is usually represented by the joint activities of populations of neurons where
each single neuron is tuned to a slightly different aspect of the stimulus. In the fly visual system
a subgroup of 10 individually identifiable motion-sensitive interneurons in each half of the brain
offers a well described biological system to investigate population coding. The sophisticated
receptive field organization of these so-called VS-cells (vertical system) indicates that each cell
senses an optic flow pattern induced when the animal rotates around a particular horizontal body
axis (Krapp and Hengstenberg 1996).

In a systems analysis approach we demonstrate how the accuracy of the VS-population depends
on integration time. VS-cell activity was recorded intracellularly in a panoramic high-speed
virtual reality optic flow stimulator (Lindemann et al. 2003). We stimulated the fly with
randomly textured patterns simulating rotations around different horizontal body-axes. Based on
the recorded activities we modeled the neurons’ responses to the panoramic optic flow stimuli to
facilitate the further analysis. Applying a Bayesian estimator on the modeled data, we could
show that the population of VS-cells can estimate the rotation axis within 10 ms after response
onset with an accuracy of better than 7°. This integration time matches the time scale relevant for
real self-motions of the fly. The most prominent feature of blowfly flight, fast head- and/or body
saccades as well as the intersaccadic intervals, take place on a time scale of some tenths of
milliseconds. (Hateren and Schilstra 1999). Hence the reliability of the population of VS-cells
appears to be appropriate to extract behaviorally relevant information from the neuronal response
under natural conditions.

In a replay approach, developed to play back visual stimuli generated by the flies own behavior
(Kern et al. submitted), we investigate whether it is possible to reconstruct the actual horizontal
rotations of the fly from the population response as suggested by our systems analysis approach.

Hateren JH, Schilstra C. Blowfly flight and optic flow. Il. Head movements during flight. J Exp Biol
(1999) 202: 1491-500.

Kern R, van Hateren J, Michaelis C, Lindemann J, Egelhaaf M. Eye movements during natural flight
shape the function of a blowfly motion sensitive neuron. Nature (submitted).

Krapp HG, Hengstenberg R. Estimation of self-motion by optic flow processing in single visual
interneurons. Nature (1996) 384: 463-466.

Lindemann JP, Kern R, Michaelis C, Meyer P, van Hateren JH, Egelhaaf M. FliMax, a novel stimulus
device for panoramic and highspeed presentation of behaviourally generated optic flow. Vision Res
(2003) 43: 779-91.
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Non-linear Dendritic Integration of Visual Motion Stimuli in Fly Motion-
Sensitive Neurons

Jan Grewe, Nélia Matos, Martin Egelhaaf and Anne-Kathrin Warzecha
Department of Neurobiology, Bielefeld University, Bielefeld, Germany
jan.grewe@uni-bielefeld.de

One of a neuron’s central tasks is to integrate input signals on its dendrites and in this way extract the
information needed for further processing. In the fly we can investigate how visual motion information is
integrated on the dendrites of the tangential cells (TCs). The TCs receive excitatory and inhibitory input
from a large number of retinotopically arranged local motion-sensitive elements. Both excitatory as well
as inhibitory inputs are activated by a motion stimulus. However during preferred direction motion
excitation dominates over inhibition whereas this ratio inverts during null direction motion. Motion
orthogonal to the preferred direction induces an approximately equal activation of both inputs. Thus, the
response amplitude of the TCs depends on the particular motion stimulus. So far, the TCs were mainly
characterised by the use of stimuli that moved either in preferred or anti-preferred direction. In the freely
behaving animal this is a rather unlikely situation. We therefore tested how background motion
containing motion in any direction influences the representation of preferred direction motion.

We use visual stimuli that contain a group of dots moving in the cell’s preferred direction combined with
another group of dots that perform a random walk. This so called background input is balanced in a way
that on its own it does not drive the cell. Nevertheless, we show that the background input considerably
modulates the gain (see figure) but does not much deteriorate properties like direction tuning and the
representation of pattern velocity. It is currently tested how the background input affects the integrating
properties of the dendrite and thereby alters the way preferred direction motion is processed. This
approach will be complemented by an analysis of the contribution of single moving dots.
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Our work is supported by the Deutsche Forschungsgemeinschaft and the VolkswagenStiftung



Gottingen NWG Conference 2005

Symposium #S17:
Genomic and Proteomic Expression Profiling in Neural Repair
J. Verhaagen and HW. Miller, Amsterdam and Dusseldorf

I ntroduction

#S17 J. Verhaagen and HW. Mller, Amsterdam and Diissel dorf
Genomic and Proteomic Expression Profiling in Neural Repair

Slide

#517-1  FJ. Stam, CR. Jimenez, N. Amstrong, Y. Zhang, AB. Smit and J. Verhaagen, Amsterdam
(NL) and London (UK)
Large scale screening for regeneration-associated proteins and genes

#S1/7-2  P.Kiry, F. Kruse, N. Klapka, D. Abankwa, F. Bosse and HW. Miiller, Diisseldorf
Comparison of Axotomy-Induced Neuronal Gene Expression in PNSand CNS

#317-3  F. Bradke, Martinsried
Molecular Mechanisms of Axonal Regeneration

#517-4 L. Dimou, FM. Bareyre, L. Montani and ME. Schwab, Zurich (CH)
Gene expression changes induced by blocking or ablation of Nogo-A in spinal cord and
brain

Poster

#25B SP. Niclou, N. Klapka, HW. Mller, RC. van der Schors, KW. Li, AB. Smit and J.
Verhaagen, Amsterdam (NL) and Duissel dorf
CHARACTERIZATION OF NEURITE GROWTH-INHIBITORY MOLECULESIN THE
SPINAL CORD SCAR

#26B L. Dimou, L. Schnell, M. Gullo, M. Simonen, T. Liebscher, R. Schneider and ME.
Schwab, Zurich (CH) and Basle (CH)
Different regeneration abilities of Nogo-A knockout animals after spinal cord injury
depending on the mouse strain

#27B MJ. Rossner, C. Boehm, D. Newrzella, H. Hiemisch, G. Eisenhardt, C. Stuenkel, O. von
Ahsen and K-A. Nave, Goettingen and Heidelberg
Combining GFP labelling, laser mediated microdissection and microarray analysisto
snapshot the gene expression profiles of defined neuronal cell typesin adult mice



Gottingen NWG Conference 2005

#28B AM. Jacob, T. Ziemssen, F. Weber and CW. Turck, Munich and Dresden
I dentification of biomarkers for Multiple Sclerosis



Gottingen NWG Conference 2005

Introductory Remarks to Symposium 17
Genomic and Proteomic Expression Profiling in Neural Repair
Joost Verhaagen and Hans W. Miller, Amsterdam (NL) and Dusseldorf

The study of changes in gene and protein expression at a comprehensive or (near) genome
wide scale can be used to help elucidate the molecular mechanisms underlying key
neurobiological events. In this symposium we will highlight the application of genomics and
proteomics approaches to study the molecular response of neurons and glial cells to traumatic
injury of the peripheral and central nervous system. So far, studies on the molecular biology
of neuroregeneration have dealt with only single or small sets of molecules. In this
symposium we will discuss key developments that allow for the first time the simultaneous

study of thousands of genes and proteins in the injured nervous system.

Injury to the central nervous system (CNS) will usually result in abortive nerve sprouting and
the formation of an inhibitory scar at the site of the injury. In contrast, peripheral nerve injury
results in successful regeneration of injured axons over long distances, synapse formation and
consequently functional recovery. The molecular changes that govern successful regeneration

of the peripheral nervous system and that prevent regeneration in the CNS are very complex.

This symposium will cover the first genomics and proteomics studies that are performed to
understand the molecular differences between the injured CNS and PNS. These studies have
revealed differences in specific expression patterns in the innate neuronal response to CNS
and PNS injury. Moreover, genomics and proteomics studies on the glia cell environment are
beginning to reveal why Schwann cells or CNS glia do have a profound decisive influence on

the regenerative capacity of injured axons.

#S17
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LARGE SCALE SCREENING FOR REGENERATION-ASSOCIATED
PROTEINS AND GENES
Floor J. Stam"??® , C.R. Jiménez1, N. Armstrong3, Y. Zhang“, A.B. Smit' and J.

Verhaagen'?

1Dept. of Molecular and Cellular Neurobiology, Vrije Universiteit Amsterdam, The Netherlands.
2Workgroup Neuroregeneration, Netherlands Institute for Brain Research, Amsterdam, The
Netherlands. 3Dept. of Mathematics, Vrije Universiteit Amsterdam, The Netherlands. *Academic
Department of Neurosurgery, Queen Mary University of London, London, UK. 5Corresponding
author: fistam@bio.vu.nl

In the central nervous system, regeneration after injury is abortive, resulting in
permanent damage and paralysis. In contrast, nerve injury in the peripheral
nervous system leads to successful regeneration. In this study, we set out to
identify factors that are specifically involved in successful regeneration.

Using a proteomics approach, we identified 82 proteins, which are differentially
regulated in the growth promoting nervous tissue surrounding regenerating
axons of the dorsal root ganglion (DRG) neurons at three time-points after sciatic
nerve crush. Classification and cluster analysis of the expression profiles
highlight the simultaneous processes of Wallerian degeneration, dedifferentiation
and activation of Schwann cells and altered lipid metabolism in the nerve tissue.

Not only the environment, but also intrinsic properties of the neuron can
determine the success of regeneration. For instance, DRG neurons exhibit a
strong regenerative response after crush of the peripheral neurite and a slower,
reduced regenerative response after injury of the central neurite. A Genomic
approach was taken to compare the time-courses of transcriptional activity during
unsuccessful and successful regenerative responses. Our results indicate that
the cellular processes which are initiated after damage of the central or
peripheral neurite are divergent already from 6hrs post-lesion onwards and that
regeneration-associated genes are indeed causally related to nerve growth.
These studies highlight genes that are specific to successful outgrowth and
therefore might comprise important targets for genetic intervention.

#S17-1
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Comparison of Axotomy-Induced Neuronal Gene Expression in PNS and CNS

Patrick Kiiry, Fabian Kruse, Nicole Klapka, Daniel Abankwa, Frank Bosse and Hans Werner
Miiller

Molecular Neurobiology Laboratory, Department of Neurology, Heinrich-Heine-University,
Diisseldorf, Germany; Corresponding author: kuery@uni-duesseldorf.de

In contrast to the peripheral nervous system (PNS) nerve fiber tracts of the adult central
nervous system (CNS) cannot spontaneously regenerate in response to lesions. As a result
injured individuals suffer from chronically impaired neuronal connections leading to major
motor-, sensory- and cognitive deficits. It is generally assumed that combinatorial effects
account for this regeneration failure including a growth non-permissive environment within
CNS lesion zones as well as incomplete activation of axonal growth programmes. In order to
investigate a) whether and how injured central nervous system neurons react to remote
axonal lesions and b) such responses include regeneration-associated or growth-related
genes we have applied gene expression array technology on a variety of different lesion
paradigms. Early and late transcriptional responses of two central neuronal populations, the
subiculum and cortex, were investigated following postcommissural fornix- and cortical
spinal tract transection, respectively. These gene expression patterns were then compared to
changes observed in dorsal root ganglia following sciatic nerve crush and transection in
order to reveal beneficial and harmful gene activities. In addition, we have analysed changes
in gene expression occurring within central nervous system lesion zones. This identified a
number of so far undetected factors which relate to chronic axonal growth arrest and
represent therefore promising candidates for lesion induced axonal growth inhibitors.

This work was supported by grants of the German Research Council (DFG).
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Molecular Mechanisms of Axonal Regeneration

Frank Bradke

Max-Planck-Institute of Neurobiology, Am Klopferspitz 18, 82152 Martinsried (Munich), Fax.:
+49-89-856 1121, Tel.: + 49-89-8578 3641

We used gene microarray technology to identify genes whose expression in spinal
sensory neurons from adult rats is modified following procedures that can induce
robust axonal growth both in vitro and in vivo. We used two different manipulations
to induce axonal growth of lesioned spinal sensory neurons, (i) lesioning the
peripheral branch of primary sensory axons and (ii) injecting membrane-permeable
CAMP analogues. Genes that change their expression after both of these
manipulations are candidate effectors of axonal growth. We tested their function by
expressing these genes in dissociated primary neurons.
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Gene expression changes induced by blocking or ablation of Nogo-A in spinal
cord and brain

Leda Dimou, Florence M. Bareyre, Laura Montani and Martin E. Schwab

Brain Research Institute, University of Zurich, and Dept. Biology, Swiss Federal
Institute of Technology (ETH), Zurich, Switzerland

Regeneration of the adult central nervous system (CNS) of mammals after injury is
very limited. Myelin-associated proteins like Nogo-A, the best characterized neurite
outgrowth inhibitory molecule, seem to play a main role in the restricted regeneration
properties of the CNS. Nogo-A neutralization by antibodies, e.g. the IN-1 antibody, or
its gene ablation enhance regenerative axon growth, compensatory sprouting and
functional recovery in the injured adult spinal cord and brain. In order to understand
better the way of function of Nogo-A, we performed GeneChip microarray
experiments with naive or lesioned rats treated with the anti-Nogo-A antibody IN-1. In
the naive spinal cord, IN-1 antibody treatment was associated with upregulation of
growth factors, growth related, cytoskeletal proteins and transcription factors.
Unilateral lesion of the corticospinal tract (CST; pyramidotomy) and treatment with
IN-1 antibody triggered compensatory reorganization of sprouts across the midline,
suggesting lesion-induced CST sprouting and rewiring. On the transcription level,
pyramidotomy and IN-1 led to enhanced expression of guidance molecules and
neurotrophic factors/receptors. The results imply two mechanisms for compensatory
sprouting after injury; first the more general growth promoting effects caused by the
IN-1 antibody (blocking of Nogo-A) and secondly the modulation of guidance
molecules and growth factors due to the lesion.

In order to understand the long-lasting role and function of Nogo-A, we are currently
performing genomics and proteomics studies of mice lacking Nogo-A. These studies
will reveal differences in specific expression patterns of neural tissues between
Nogo-A knockout and wild type mice and between knockouts of different
backgrounds.

#S17-4
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CHARACTERIZATION OF NEURITE GROWTH-INHIBITORY MOLECULESIN THE SPINAL CORD
SCAR

S.P. Niclou, N. Klapka*, HW. Miiller*, R.C. van der Schors’, K.W. Li*, A.B. Smit" and J.
Verhaagen. Netherlands Institute for Brain Research, Neuroregeneration Group, Amsterdam. *
Heinrich-Heine University, Department of Neurology, Diisseldorf, Germany. * Vrije Universiteit,
Department of Molecular and Cellular Neurobiology, Amsterdam.

Email: s.niclou@nih.knaw.nl

Injury to the human central nervous system (CNS) leads to lasting functional deficits which isin
striking contrast to the immature CNS or the peripheral nervous system (PNS) where spontaneous
fiber growth and functional recovery take place. Neurons in the adult CNS are unable to
regenerate, as a result of both an inhibitory environment and insufficiences in their inherent
ability to regrow. Several neurite growth inhibitory proteins have been found associated with the
damaged myelin sheath and with the glial-fibroblastic scar that forms at the lesion site (Schwab,
2004; Silver and Miller, 2004). Despite evidence that glial scarring is a major culprit of
regeneration failure in the CNS, there is surprisingly little knowledge on the molecules expressed
in the neural scar that inhibit axonal growth. This work focuses on the identification and
characterization of neurite growth inhibitory molecules expressed in the glial-fibroblastic scar of
the injured spinal cord.

Using a proteomics approach based on isotope-coded affinity tag labeling (ICAT) (Gygi et al.,
1999), we aim at determining the full protein composition of the glial-fibrotic scar. In afirst step
the protein profile of normal spinal cord scar formed after transection of the dorsal corticospinal
tract will be compared with collagen-depleted scar. Collagen-depleted scar is obtained by
application of cCAMP together with the iron chelator 2,2-bipyridine (BPY) which results in a
strong reduction of basement membrane deposition and an increase in regenerating axons through
the scar area (Stichd et al., 1999; Hermanns et al., 2001). This direct comparison between a non-
permissive scar and a permissive scar will allow to identify inhibitory proteins associated with the
extracellular matrix of the non-permissive scar. In a second step scar tissue from adult rats will be
compared to the scar of immature rats, which is morphologically very different and supports
axonal regeneration. This comparison will alow to identify inhibitory molecules associated with
the adult scar and growth supportive molecules that may be differentially expressed in the scar of
young rats. Scar material is isolated using laser microdissection and catapulting technology in
order to enrich the sample for scar material. Protein samples will be labeled with ICAT reagent
(Applied Biosystems), followed by trypsin digest and separation of cysteine-containing peptides
by liquid chromatography and tandem mass spectrometry (LC-MS/MS) (Li et a., 2004). This
powerful technology allows sensitive protein detection and does not discriminate against proteins
of high molecular weight or high hydrophobicity, which are abundant in extracelular matrix
material. The molecular profile of neural scar tissue should lead to the identification of nove
neurite growth inhibitory proteins and provide new targets for experimental manipulation.

1. Schwab ME. Curr Opin Neurobiol. 2004 Feb;14(1):118-24. Review.

2. Silver J, Miller JH. Nat Rev Neurosci. 2004 Feb;5(2):146-56. Review.

3. Gygi SP, Rist B, Gerber SA, Turecek F, Gelb MH, Aebersold R. Nat Biotechnol. 1999
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Growth inhibition in the adult central nervous system (CNS) is a major barrier to axon
regeneration. Many evidences support the crucial role of myelin-associated neurite
outgrowth inhibitors in preventing CNS regeneration. Nogo-A is the best
characterized neurite outgrowth inhibitory molecule found in CNS myelin; its
neutralization by antibodies or its gene ablation enhance regenerative axon growth,
compensatory sprouting and functional recovery. Lesion experiments with Nogo-
deficient mice of three independent laboratories came to different results in terms of
regeneration properties of the Nogo knockout animals. In these studies embryonic
stem cells of the 129Sv strain were implanted into C57BI/6 blastocytes resulting in
mice with a mixed genetic background. To study the implication of Nogo-A in
inhibition of regeneration under more defined conditions and to further understand
the variation in results, we backcrossed Nogo-A knockout mice into pure 129X1/SvJ
and pure C57BI/6 backgrounds. After lesion of the corticospinal tract (CST) we
observed a strong enhancement in regeneration of the Nogo-A deficient mice
compared to wild type animals. The scatter among the individual animals within each
group, although still high as it is known for partial spinal cord lesion models, is lower
and the data therefore much more consistent than in the previous studies.
Interestingly, Nogo-A deficient mice of the 129 strain showed a much higher number
of fibers resulting from regeneration and arborisation of the CST than knockout BI/6

mice. Both strains showed improved recovery of locomotion in the absence of NogoA.

We believe that the contradictory results obtained in the earlier Nogo knockout
studies are due to specific properties of the background mixture of the mouse lines
used. The present results obtained with a Nogo-A specific knockout in two pure
strains of mice demonstrate the importance of Nogo-A as an in vivo inhibitor of
neurite growth and regeneration in the spinal cord, as well as mouse strain
determinant of axonal growth.
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Adaptive gene expression changes play an important role in the cellular processes thought to provide
the basis for learning and memory. Powerful tools for gene expression profiling at a global scale have
recently been developed, which allow the simultaneous monitoring of relative mRNA abundances of
thousands of