7. Westerberger Herbsttagung zu den Perspektiven der Molekularen Neurobiologie:
MICROSCOPY APPLICATIONS AND QUANTITATIVE IMAGE ANALYSIS

Introduction
Our ‘Westerberg Symposium on the Perspectives of Molecular Neurobiology’ has taken place
the seventh time since its start on the occasion of the founding of the Department of
Neurobiology in 2002. Aim of the symposium is to bring together an international group of
neuroscientists for one day here on the Westerberg. Each symposium has a special topic and
booklets about the past Meetings are available on the homepage of the Department (www.
neurobiologie.uni-osnabrueck.de). This time the focus is on ‘Microscopy Applications and
Quantitative Image Analysis’. The topic was inspired by a book on ‘Laser scanning microscopy and quantitative image analysis of neuronal tissue’, which Dr. Lidia Bakota and myself
were editing and which came out this year in the NeuroMethods series of Humana Press.
Following up on the tradition of the previous meetings, we were again able to convince high
profile speakers from research institutions in Madrid, Amsterdam, München/Martinsried and
Bonn to come to Osnabrück and share their latest results in five main lectures. The topics of
the lectures ranged from neuroanatomical tracing techniques over super resolution
microscopy, 2-photon microscopy until the ‘Sound of Morphology’. In addition, three shorter
so-called ‘progress talks’ were given by PhD students and a Postdoc from our Department.
These talks should give an idea about the research activities of the local Neurobiology
Department. The symposium was complemented by a poster session, where members of our
Department displayed some of their current projects to explain and discuss them in detail.
The abstracts of the lectures and progress talks are included in this booklet. In addition, some
pictures are attached, which were taken during discussions at the poster boards, at the buffet
and during the coffee break. They should give an impression about the familiar and informal
atmosphere of our meeting. I would also like to mention that all talks have been recorded and
the videos are available on request (brandt@biologie.uni-osnabrueck.de).
Since I am currently also Dean of the Faculty, I would like to use the opportunity to shortly
introduce the Institute of Biology. The Institute is located on the Westerberg science campus
and consists of 17 groups, which cover the whole spectrum of Biology from B as “Botany” to
Z as “Zoology”. With respect to research, a special focus is on the analysis of basic cell
biological principles using diverse model organisms from yeast to mouse. The focus of the
Institute is also exemplified by the current DFG-funded special research consortium, the SFB
944, which has the topic ‘Physiology and Dynamics of Cellular Microcompartments’.
I would like to thank everybody who made this meeting possible, especially the Members of
the Organizational Committee, Dr. Lidia Bakota, Dr. Nataliya Golovyashkina, Maxim Igaev,
Dennis Janning, apl. Prof. Dr. Gunnar Jeserich, Lorene Penazzi and Frederik Sündermann,
who helped to assemble the scientific program. In addition I would like to thank Annemarie
Hoffmann, Dr. Wilfried Hamann, Vanessa Herkenhoff, Bettina Flenker and Henning
Borgstädde for their invaluable help in booking hotels, choosing the buffet, preparing coffee,
taking photographs, attracting sponsors etc. I would also like to take the opportunity to thank
the speaker of the SFB944, Prof. Christian Ungermann, for granting financial support, and
several companies including our long term sponsor Nikon, the Ewald Innovation Technik
GmbH, Carl Roth, Promega, Thermo Scientific, das dokuteam, Diagonal, Serva
Electrophoresis, Microsynth / Seqlab, Eppendorf, Th. Geyer Laborbedarf for sponsoring.
Some of our sponsors were also presenting in the Foyer.
Of course, a special thank goes to all speakers for coming to Osnabrück and for contributing
to an exciting meeting on "Microscopy Applications and Quantitative Image Analysis".
Roland Brandt (Head of the Department of Neurobiology)
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Program
9:00
9:10

Introduction: R. Brandt
Welcome address by the Dean of the Faculty of Biology and Chemistry

Session I: (Chair: G. Jeserich)
9:15 Lecture 1: Floris Wouterlood, PhD (VU University Medical Center, Amsterdam):
"Present and future of experimental neuroanatomical tracing techniques"
10:00 Lecture 2: Javier DeFelipe, PhD (Laboratorio Cajal de Circuitos Corticales, Centro de
Tecnologia Biomedica, Universidad Politecnica de Madrid, Madrid)
"Exploring the brain: The sound of morphology"
10:45 Coffee Break
11:15 Lecture 3: Dr. Volker Scheuss (Max Planck Institute of Neurobiology, Department
Synapses - Circuits – Plasticity, Martinsried bei München):
"Optophysiological analysis of structural synaptic plasticity and synaptic innervation
patterns"
12:00 Progress Talk 1: Dr. Nataliya Golovyashkina (Neurobiologie, Osnabrück):
“Seeing the tree for the forest: imaging and quantitative analysis of the neuronal
morphology"
12:20 Progress Talk 2: Lorene Penazzi/Frederik Sündermann (Neurobiologie, Osnabrück):
"Improving the brain activity mapping of memory processes using machine learning
algorithms"
13:00 Lunch, Coffee and Poster session
Session II: (Chair: L. Bakota)
15:00 Progress Talk 3: Dennis Janning/Maxim Igaev (Neurobiologie, Osnabrück):
"Single molecule and FDAP analysis of tau-microtubule interactions in living
neurons"
15:20 Lecture 4: Carlos P. Fitzsimons, PhD (Center for Neuroscience, Swammerdam
Institute for Life Sciences, University of Amsterdam):
"Zooming in on synapses: visualizing dendrite spines with super resolution
microscopy"
16:05 Lecture 5: Prof. Christian Henneberger (Institute of Cellular Neurosciences,
University of Bonn, Medical School)
"Astrocyte control of NMDA receptor signaling revealed by combined two-photon
excitation fluorescence microscopy and electrophysiology"
16:50 Concluding remarks: R. Brandt
17:00 End of Meeting
Organizational Committee:
Lidia Bakota, Roland Brandt, Nataliya Golovyashkina, Maxim Igaev, Dennis Janning, Gunnar Jeserich, Lorene
Penazzi, Frederik Sündermann, Daniel Villar Romero
Supported by the DFG (SFB 944), Nikon, Ewald Innovation Technik GmbH, Carl Roth, Promega, Thermo Scientific, das
dokuteam, Diagonal, Serva Electrophoresis, Microsynth / Seqlab, Eppendorf, Th. Geyer

Contact: brandt@biologie.uni-osnabrueck.de
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List of Abstracts
Abstract #01 (Lecture 1): "Present and future of experimental neuroanatomical tracing
techniques", Floris Wouterlood (VU University Medical Center, Amsterdam).
Abstract #02 (Lecture 2): "Exploring the brain: The sound of morphology", Javier
DeFelipe (Laboratorio Cajal de Circuitos Corticales, Centro de Tecnologia Biomedica,
Universidad Politecnica de Madrid, Madrid).
Abstract #03 (Lecture 3): "Optophysiological analysis of structural synaptic plasticity and
synaptic innervation patterns", Volker Scheuss (Max Planck Institute of Neurobiology,
Department Synapses - Circuits – Plasticity, Martinsried bei München).
Abstract #04 (Lecture 4): "Zooming in on synapses: visualizing dendrite spines with super
resolution microscopy", Carlos P. Fitzsimons (Center for Neuroscience, Swammerdam
Institute for Life Sciences, University of Amsterdam).
Abstract #05 (Lecture 5): "Astrocyte control of NMDA receptor signaling revealed by
combined two-photon excitation fluorescence microscopy and electrophysiology",
Christian Henneberger (Institute of Cellular Neurosciences, University of Bonn, Medical
School).
Abstract #06 (Progress Talk 1): "Seeing the tree for the forest: imaging and quantitative
analysis of the neuronal morphology", Nataliya Golovyashkina (Department of
Neurobiology, University of Osnabrück).
Abstract #07 (Progress Talk 2): "Improving the brain activity mapping of memory
processes using machine learning algorithms", Lorène Penazzi and Frederik Sündermann
(Department of Neurobiology, University of Osnabrück).
Abstract #08 (Progress Talk 3): "Single molecule and FDAP analysis of tau-microtubule
interactions in living neurons", Dennis Janning and Maxim Igaev (Department of
Neurobiology, University of Osnabrück).
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Abstract #01 (Lecture 1):

Present and future of experimental neuroanatomical tracing techniques

Floris G. Wouterlood

Department of Anatomy and Neuroscience, VU University Medical Center Amsterdam, The
Netherlands.

During the last century and a half of neuroscience research three generations of
neuroanatomical methods have succeeded each other. When they were new, each of these new
generations spawned a wave of new, creative and increasingly sophisticated research. The
first generation of methods consisted of lesion based techniques (Waller, 1850). The second
and third generations are based on cellular transport in the living brain: retrograde transport of
macromolecules

(Kristensson

and

Olsson,

1971),

or

anterograde

transport

of

lectins/carbohydrates (Gerfen and Sawchenko, 1984). In the last decade a completely new
generation of techniques is emerging, based on the principle that specific neurons in
transgenic animals produce a traceable, fluorescent substance themselves. Tracing techniques
in this class lean on gene expression, and they perfectly match modern confocal imaging.
We will illustrate this new generation of methods with material from a study of the
innervation of medial prefrontal cortex by cholinergic basal forebrain neurons and a study of
projections of parvalbumin-expressing septohippocampal neurons, both in transgenic, Cre-lox
mice.
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Abstract #02 (Lecture 2):

Exploring the brain: promising new technologies

Javier DeFelipe

Instituto Cajal (CSIC) and Laboratorio de Circuitos Corticales (CTB), Universidad
Politécnica de Madrid, Madrid, Spain.

One of the dreams of the neuroanatomists is to characterize at the light microscope level the
detailed neurochemical and 3D morphology of the neurons and glial cells in the brain, and to
unravel the relationships between these elements (neuron/neuron; neuron/glia; glia/glia).
Another is to create a 3D map of the synaptic network in the entire nervous system at the
electron microscope level. Ideally, this detailed morphological information should be
correlated with other features such as the molecular and physiological characteristics of the
cells under study. Over the years, neuroanatomy has evolved considerably thanks to the use of
classical techniques and the introduction of new procedures. In this talk I will first discuss
how structural data on neurons can now be accurately obtained by means of intracellular
injections of markers followed by the quantitative analysis of image stacks of labeled cells
with light microscopy, using standard statistical and mathematical tools and software
specifically developed for this purpose. One of these new methods involves musical feedback
for exploring dendritic spine morphology and distribution patterns in pyramidal neurons. We
have demonstrated that audio analysis of spiny dendrites with apparently similar morphology
may “sound” quite different, revealing anatomical features that are not apparent from simple
visual inspection. These morphological/music translations may serve as a guide for further
mathematical analysis of the design of the pyramidal neurons and of spiny dendrites in
general. Second, I will deal with the recent development of automated electron microscopy
techniques. In particular, I will discuss the usefulness of the dual-beam electron microscope
that combines a focused ion beam column (FIB) and a scanning electron microscope (SEM).
Using this FIB/SEM methodology, we and others have shown that synapses can be accurately
identified, reconstructed and quantified from large 3D tissue samples obtained in an
automated manner — a true revolution for ultrastructural volume reconstruction which
represents a crucial step in the study of neuronal circuits. It is clear then that, as a result of the
technical advances achieved in recent years together with the new technologies that are under
development, neuroanatomy represents one of the most exciting and important fields in
neuroscience.
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Abstract #03 (Lecture 3):

Optophysiological analysis of structural synaptic plasticity and synaptic innervation
patterns

Volker Scheuss

Max Planck Institute of Neurobiology, Martinsried, Germany.

Neurons build neural circuits by forming synaptic connections for signal transmission
between their axonal and dendritic processes. Structural and functional plasticity of synaptic
connections is considered to be the basis for learning and memory formation. The majority of
excitatory synapses of cortical neurons are located on dendritic spines. Synaptic structures,
i.e. spine, postsynaptic density (PSD), presynaptic bouton, pool of synaptic vesicles and active
zone, are correlated in size among each other and with synaptic strength. It has been shown
previously that an increase in spine size is a structural correlate of synaptic potentiation, but
little is known about the other synaptic structures. We demonstrated with time-lapse imaging
of fluorescently tagged synaptic proteins and correlated 2-photon and electron microscopy
that structural synaptic potentiation induced by focal 2-photon glutamate uncaging in single
synapses is only stabilized in the case of correlated pre- and postsynaptic enlargement. This
suggests that structural correlations might contribute to synaptic stability despite continuous
protein turnover (Meyer et al., 2014).
How synaptic physiology translates into higher brain function at the systemic level remains
largely unknown. The spatial arrangement of synapses is considered to play an important role
in synaptic integration and neural signal processing. We developed a new method based on
optogenetics and 2-photon Ca2+ imaging to identify, map and analyze the synapses from a
genetically defined presynaptic neuron population on the dendritic tree of a given target
neuron. So far we mapped the synapses between layer 5 (L5) pyramidal neurons in the mouse
primary visual cortex and found a clustered organization of the synapses on the basal
dendrites of L5 cells. To characterize the spatial organization of synaptic inputs we developed
a new mathematical approach based on combinatorial analysis of the likelihoods to observe
specific arrangements. We find cluster parameters, which support the recruitment of local
non-linear dendritic integration during computations in neural circuits.
Lit.: Meyer D., Bonhoeffer T., Scheuss V. (2014) Balance and stability of synaptic structures
during synaptic plasticity. Neuron, 82(2): 430-443.
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Abstract #04 (Lecture 4):

Zooming in on synapses: visualizing dendrite spines with super resolution microscopy

Carlos P. Fitzsimons

Center for Neurosciences, Swammerdam Institute for Life Sciences, University of
Amsterdam, The Netherlands.
Dendritic spines are protrusions that emerge from the dendrite of a neuron and represent the
primary postsynaptic targets of excitatory inputs in the brain. Technological advances have
identified these structures as key elements in neuron connectivity and synaptic plasticity.
Several brain functions are thought to rely on spine plasticity, including learning and memory.
Additionally, whereas many psychiatric and neurodegenerative disorders, such as e.g.
Alzheimer’s disease, are accompanied by alterations in spine morphology and synapse
numbers, the quantitative analysis of spine morphology remains an essential problem.
Dendritic spines can be readily identified by confocal laser-scanning fluorescence
microscopy. However, measuring subtle changes in the shape and size of spines is difficult
because spine dimensions other than length are usually smaller than what conventional optical
systems can reliably resolve.
Several super-resolution microscopy techniques have been applied to imaging dendritic
spines. However, there’s still a need for an imaging technique that combines spatial
resolution, speed and large fields of view. Here we apply super resolution structured
illumination microscopy (SIM) to the imaging of dendritic spines in rat primary hippocampal
neuron cultures.
We transfected these cultures with different fluorescent proteins and used specialized software
to automatically trace and reconstruct dendrites and spines in 3 dimensions from confocal and
SIM image stacks. Using machine learning data mining we extracted structural parameters
from 3D dendritic spine SIM images that cannot be quantified by conventional confocal
microscopy techniques. Our results show that using these parameters an improved
standardized classification of dendritic spine morphology can be achieved. These observations
have implications for the detailed classification of dendritic spine morphology and dynamics
and could assist in the understanding of the pathophysiology of psychiatric and
neurodegenerative disorders and in the development of screening methods for the
identification of compounds with potential therapeutic application.
This work was financed by a VIDI NWO grant: H64.09.016 to CPF.
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Abstract #05 (Lecture 5):

Astrocyte control of NMDA receptor signaling revealed by combined two-photon
excitation fluorescence microscopy and electrophysiology

Christian Henneberger

Institute of Cellular Neurosciences, University of Bonn, Medical School, Germany.

Long-term potentiation of synaptic transmission (LTP) is triggered by activation of N-methylD-aspartate receptors (NMDARs) at many glutamatergic synapses. Opening of NMDARs
requires not only binding of glutamate but also of a co-agonist. Using a combination of twophoton excitation fluorescence microscopy and electrophysiology in hippocampal slices we
provide evidence that intact astrocyte Ca2+ signalling is critical for the supply of the
NMDAR co-agonist D-serine and in turn LTP. At the same time astrocytes react to induction
of LTP with morphological changes. Online astrocyte volume fraction measurements and
electron microscopy revealed a retraction of astrocyte process from synapses. Since astrocytes
mediate most of the glutamate uptake at these synapses this may favour glutamate escape
from active synapses. Indeed, increased glutamate spill-over onto NMDARs at inactive
synapses was observed after LTP induction. Therefore astrocytes are critical for NMDAR
activation by providing the NMDAR co-agonist D-serine and dynamically modulate the
spatial extent of glutamate signalling.
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Abstract #06 (Progress Talk 1):

Seeing the tree for the forest: imaging and quantitative analysis of the neuronal
morphology

Nataliya Golovyashkina

Department of Neurobiology, University of Osnabrück.

Many neurodegenerative diseases are characterized by changes in neuronal morphology.
In particular in Alzheimer's disease complexity of dendritic arbors is compromised by an
abnormal function of altered proteins, intervening with various cellular mechanisms. Presence
of moderate levels of A induces changes in neuronal connectivity in hippocampus and
neocortex of APPSDL mice (human APP with Swedish (KM595/596NL), Dutch (E618Q), and
London (V642I) FAD mutations), serving as a model for presymptomatic AD.
Epidemiological studies suggest that symptoms of Alzheimer's disease can be modulated by
environmental factors. We have analyzed effects of home cage environmental enrichment on
the neuronal complexity in hippocampus of APP SDL mice. To assess changes in connectivity
using high-resolution cLSM, APPSDL mice were crossed with homozygous EGFP expressing
mice. From the age of 1 month female mice were housed in groups of mixed genotype
(EGFP/ APPSDL or EGFP alone) in standard or enriched cages of the same size (37 x 21 x 15
cm). Enriched cage included different cognitive and physical stimulating objects, part of
which was exchanged every day to provide novel stimuli. After 4-month enrichment entire
hippocampal pyramidal cells of CA1 and CA3 regions were imaged as tile z-stacks, stitched
together and reconstructed in 3D.
Changes in dendritic complexity in hippocampus are region specific, where pyramidal cells of
CA1 seem to be more sensitive. Four-month environmental enrichment has significant
positive effect on dendritic complexity in control animals. Higher A levels have differential
effect on the plastic remodelling of the dendritic arbors of hippocampal pyramidal cells.
Increased physical exercise and cognitive stimulation in form of environmental enrichment
differentially affect neuronal plasticity in APPSDL.

Abstract #07 (Progress Talk 2):
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Improving the brain activity mapping of memory processes using machine learning
algorithms

Lorène Penazzi and Frederik Sündermann

Department of Neurobiology, University of Osnabrück.

Spatial memory recall is dependent on coordinated neuronal cell activation in many brain
regions. Such memory can be formed during the Barnes maze task that requires from mice to
learn the fixed position of an exit hole that allows the animal to escape from the bright open
surface of the maze. The distribution pattern of activated neurons during the recall is
correlated with the behavioral performance of the animals. To investigate such neuronal
activation, the protein product from the immediate early gene C-fos can serve as a relevant
marker as it is transiently expressed in neurons after a high stimulation. For the detection and
quantification of immuno-positive cells, manual data acquisition is still a prevalent method in
many laboratories. However, completely manual quantification of c-fos positive neurons in
various brain regions is slow, labor intensive and leads to high observer bias. Furthermore, the
low reproducibility of data between experimenters leads to high variability in results and
conclusion. Semi-automatic quantification can minimize the disadvantages of manual data
acquisition. Machine learning algorithms provide a powerful alternative allowing the
evaluation of how the brain activity varies across multiple brain regions during a given
cognitive process in a less biased manner.
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Abstract #08 (Progress Talk 3):
Single molecule and FDAP analysis of tau-microtubule interactions in living neurons

Dennis Janning and Maxim Igaev

Department of Neurobiology, University of Osnabrück.

The microtubule-associated phosphoprotein tau is involved in neurodegenerative diseases
collectively called tauopathies (e.g., Alzheimer’s disease). It is generally believed that the vast
majority of tau molecules decorate axonal microtubules (MTs) thereby stabilizing them.
However, it is an open question why tau does not impede MT-dependent axonal transport and
is still available for other interactions rather than those with MTs. Our recent single-molecule
and FDAP studies have shown that tau’s behaviour in living neuronal cells differs from that
derived from previous studies. In fact, we observed that tau exhibits rapid on-off kinetics with
association and dissociation times in the millisecond range. The reaction kinetics is by two
orders of magnitude faster than previously determined. Our data suggest that the rapid kissand-hop kinetics allows tau to avoid interference with the axonal transport and permits tau to
still participate in interactions other than those with microtubules.

References:
Igaev M, Janning D, Sündermann F, Niewidok B, Brandt R, and Junge W (2014) A refined
reaction-diffusion model of tau-microtubule dynamics and its application in FDAP analysis.
Biophys. J., in press.
Janning D*, Igaev M*, Sündermann F, Brühmann J, Beutel O, Heinisch JJ, Bakota L, Piehler
J, Junge W, and Brandt R (2014) Single molecule tracking of tau reveals fast kiss-and-hop
interaction with microtubules in living neurons. (*joint first authors) Mol. Biol. Cell, in press
(doi:10.1091/mbc.E14-06-1099).
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Lectures and Progress Talks: all presentations have been recorded and are available on
request from R. Brandt (brandt@biologie.uni-osnabrueck.de)

Lecture: F. Wouterlood (Amsterdam)

Lecture: C. Henneberger (Bonn)

Lecture: V. Scheuss (München)

Progress talk: N. Golovyashkina (OS)

Progress talk: L. Penazzi and F.
Sündermann (OS)

Lecture: C. Fitzsimons (Amsterdam)

Progress talk: D. Janning und M. Igaev
(OS)

Lecture: J. DeFelipe (Madrid)
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Introduction, Poster and Exhibition
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Coffee and Discussions

