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FINS 2013 AT A GLANCE

TUESDAY 01 OCTOBER

15.30-16.45

Registration

16.45-17.00 Welcome remarks

17.00-19.00 Session 1

20.00 - Cocktail & Reception at Café Opéra in city center
WEDNESDAY 02 OCTOBER

09.00-11.00 Session 2a

11.00-11.30 Coffee breaks

11.30-12.45 Session 2b

12.45-14.45 Lunch break + Poster + Industry talks
14.45-16.30 Session 3a

16.30-17.15 Coffee break + industry talk
17.15-18.45 Session 3b

THURSDAY 03 OCTOBER

09.00-11.00 Session 4a

11.00-11.30 Coffee break

11.30-12.45 Session 4b

12.45-14.45 Lunch break + Poster + Industry talks
14.45-16.30 Session 5a

16.30-17.00 Coffee break

17.00-18.30 Session 5b

19.30 - Gala dinner at Chédteau Carbonnieux

FRIDAY 04 OCTOBER

09.00-10.30
10.30-11.00
11.00-12.15
12.15-12.30
12.30-14.00

Session 6a

Coffee break

Session 6b

Closing Remarks
Lunch break + Poster
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FINS 2013 Program

TUESDAY 01 OCTOBER

15.30-16.45 Registration
16.45-17.00 Welcome remarks
17.00 - 19.00 Session 1: Cheval Blanc
Invited talks:

Stefan W. Hell, Max Planck Institute for Biophysical Chemistry,
Gottingen, Germany — Nanoscopy with focused light

Xiaowei Zhuang, Howard Hughes Medical Institute, Harvard
Univ., Cambridge, USA - Super-resolution fluorescence imaging of
neurons

Markus Sauer, Julius-Maximilians-University =~ Wuerzburg,
Germany - Localization microscopy coming of age: From concepts
to biological impact

Daniel Choquet, Univ. Bordeaux/CNRS, France - A nanoscale view
into the dynamic of AMPA receptor organization in synapses

20.00 - Cocktail & Reception at Café Opéra in city center
WEDNESDAY 02 OCTOBER

09.00-11.00 Session 2a: Lafite-Rothschild

Invited talks:

Mark H. Ellisman, The National Center for Microscopy and
Imaging Research, Univ. of California, San Diego, USA — Multiscale
imaging of the nervous system: Where is the dark matter?

Sponsored by: The Leica Scientific Forum - Advances in Life Science

Hans-Ulrich Dodt, Vienna Univ. of Technology, Vienna, Austria -
Imaging of cleared biological samples with the ultramicroscope
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Short talks:

Invited talk:

11.00-11.30

11.30-12.45

Invited talk:

Short talk:

Invited talk:

12.45-14.45

Max Adrian, Utrecht University, Utrecht, Netherlands -
Controlled delivery of AMPA receptor-containing recycling
endosomes to excitatory synapses

Douglas J. Bakkum, ETH Zurich, Basel, Switzerland — Electrical
imaging of axon function

Maxime Dahan, Ecole Normale Supérieure, Paris, France -
Probing the properties of molecular assemblies at the cell
membrane in live cells with single molecule imaging and
manipulation

Coffee breaks
Session 2b: Lafite-Rothschild
Dmitri A. Rusakov, University College London, United Kingdom -

Time-resolved fluorescence imaging: a window into neural
function

Sophie Massou, ENS, Paris, France - Fluorescent diamond
nanocrystal as a probe of dendritic traffic in primary neurons in
culture

Jerome Mertz, Boston University, USA - Phase microscopy with
oblique fields

Lunch break + Poster session + Industry talks

Industry talks (starting 13.30):

10

Stephane Gueguen, Leica - Leica gated STED and 3D SR-GSD

Dale Elgar, Scientifica - Electrophysiology and multiphoton
systems
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Bruno Combettes, Andor Technology, Belfast, Northern Ireland -
Andor mosaic: the perfect tool for optogenetics studies

Gergely Katona, Femtonics — Fast 2P imaging with up to 3D
random access scanning in large tissue volumes

14.45 - 16.30 Session 3a: Latour

Invited talks:
Stéphane Dieudonné, IBENS, Paris, France - Fast multisite optical
recordings and stimulations in the cerebellum with acousto-optic
deflectors

Valentina Emiliani, Paris Descartes Univ, Paris, France - Two-
photon optogenetics by wave front shaping of ultrafast pulses

Short talks:
Lasani Wijetunge, Univ. of Edinburgh, United Kingdom - STED
microscopy reveals nanoscale defects in the developmental
trajectory of dendritic spine morphology in a mouse model of FXS
Invited talk:
David DiGregorio, Institut Pasteur, Paris, France - Multiplexed
dendritic computations by calcium and voltage
16.30-17.15 Coffee break + industry talk

Industry talk:
Luc Moog, Coherent, Paris - Coherent Ultrafast and CW lasers
used for bio imaging

17.15-18.45 Session 3b: Latour

Invited talk:
Enrico Gratton, Univ. of California, Irvine, USA - Nanoscale
3D topological structure of chromatin in live cells

Short talk:
Franck Debarbieux, IBDM, Marseille, France — Intravital spectral
two-photon microscopy and spinal glass window to study
neuroinflammation in spinal pathologies

11
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Anael Chazeau, Univ. of Bordeaux / CNRS, France — Nanoscale
organization and dynamics of branched actin network regulators
within dendritic spines

Invited talk:
Haruhiko Bito, Univ. of Tokyo, Graduate School of Medicine,
Tokyo, Japan — Deciphering biochemical information
processing during plasticity at single synapses

THURSDAY 03 OCTOBER

09.00-11.00 Session 4a: Mouton Rothschild

Invited talks:
Angus Silver, University College London, United Kingdom - High
speed 3D 2-photon microscopy and adaptive optics with an
acousto-optic lens
Yuji lkegaya, University of Tokyo, Japan - Optical imaging
synaptic inputs on neuronal dendrites

Short talk:
Laurent Ladépéche, Univ. of Bordeaux / CNRS, France - Plasticity
of maturing glutamate synapses requires NMDA receptors lateral
mobility
Arnaud Malvache, Aix/Marseille University, France - Large-scale
in vivo calcium imaging of hippocampal network activity

Invited talk:
Tim Murphy, Univ. of British Columbia, Vancouver, Canada - High
speed imaging of mouse brain cortical spontaneous activity
provides insight into regional connectivity

11.00-11.30 Coffee break

11.30-12.45 Session 4b: Mouton Rothschild

Invited talk:
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Moritz Helmstaedter, Max Planck Inst. of Neurobiology,
Martinsried, Germany - Connectomics: The dense reconstruction
of neuronal circuits
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Short talk:
William Brown, Swinburne Univ. of Technology, Hawthorn,
Australia — Infrared and nanoparticle assisted stimulation of
auditory neurons in vitro

Invited talk:
David Holcman, Ecole Normale Supérieure, Paris, France -
Integrating superresolution data of live cell imaging to synaptic
dynamics

12.45-14.45 Lunch break + Poster session + Industry talks

Industry talks (starting 13.30):

Audrius Jasaitis, Imagine Optic, Orsay, France — Latest advances
in adaptive optics for microscopy

Mickael Lefebvre, Olympus - The new Olympus high-speed high-
precision deep-imaging multiphoton system

Karl Kilborn, 3i, Denver, USA - Digital holography for
photostimulation

Erika Pastrana, Nature Methods Nature Publishing Group,
Brooklyn, USA - Publishing in Nature Methods and other Nature

titles

14.45-16.30 Session 5a: Margaux

Invited talks:
Antoine Triller, IBENS, Paris, France - Stability and plasticity of
inhibitory synapses: a nanoscopic point of view
Brahim Lounis, LP2N, Univ. de Bordeaux / CNRS, France - New
approaches in single molecule detection and super-resolution
microscopy

Short talk:

Marina Mikhaylova, Utrech Univ., The Netherlands - Controlled
subcellular targeting of quantum dots in living cells

13
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Invited talk:

16.30-17.00

17.00-18.30

Invited talk:

Short talks:

Invited talk:

19.30 -

Daniel Coté, CRIUSMQ, Univ. Laval, Quebec, Canada - Dynamic
Cellular Imaging: insight beyond images

Coffee break

Session 5b: Margaux

Melike Lakadamyali, ICFO-Institut De Ciencies Fotoniques,
Castelldefels, Spain - Probing cargo transport with correlated live
cell and super-resolution microscopy

Ludovico Silvestri, Univ. of Florence, Italy - Connecting in vivo
synaptic plasticity with ex vivo whole brain imaging: correlative
two photon and light sheet microscopy

Gabrielle Thériault, CRIUSMQ, Univ. Laval, Canada - Extended
two-photon microscopy in live samples with Bessel beams:
steadier focus, faster volume scans and simpler stereoscopic
imaging

Matthew Banghart, Harvard Medical School, Boston, USA - A
photochemical approach to peptidergic neuromodulation

Gala dinner at Chdteau Carbonnieux

FRIDAY 04 OCTOBER

09.00-10.30

Invited talks:
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Session 6a: Haut-Brion

Balazs Rozsa, Hungarian Academy of Sciences, Budapest,
Hungary - Fast 3D imaging of neural network and dendritic
activity during brain oscillations in near-cubic-millimeter volume
up to sub-millisecond temporal resolution

Robert E. Campbell, Univ. of Alberta, Edmonton, Canada -
Optogenetic reporters for all-optical neurophysiology
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Short talks:
Jan Tonnesen, Univ. Bordeaux / CNRS, France - Nanoscale spine
neck plasticity regulates compartmentalization of synapses
Fabian F. Voigt, Univ. of Zurich, Switzerland - Fast 3D microscopy
with tunable lenses: From microscope design to example
applications

10.30-11.00 Coffee break

11.00-12.15 Session 6b: Haut-Brion

Invited talk:
Florian Engert, MCB, Harvard University, Cambridge, MA, USA -
Neural circuits underlying operant learning in larval zebrafish

Short talk:
Matthias Haberl, Univ. of Bordeaux / INSERM, France — An
anterograde rabies virus vector for high-resolution large-scale
reconstruction of 3D neuron morphology

Invited talk:
Thomas Mrsic-Flogel, Univ. of Basel, Switzerland - Relationship
between L2/3 recurrent connectivity and detailed receptive field
parameters in mouse visual cortex

12.15-12.30 Closing Remarks

12.30-14.00 Lunch break + Poster session
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Nanoscopy with focused light

Stefan W. Hell
Max Planck Institute for Biophysical Chemistry Géttingen

In STED microscopy’, fluorescent features are switched off by the STED beam, which
confines the fluorophores to the ground state everywhere in the focal region except at a

subdiffraction area of extent d zﬂ/(Z NAJL+1/1 ) In RESOLFT microscopy”?, the principles

of STED have been expanded to fluorescence on-off-switching at low intensities / , by
resorting to molecular switching mechanisms that entail low switching thresholds /5. An [,
lower by many orders of magnitude is provided by reversibly switching the fluorophore to a
long-lived dark (triplet) state®® or between a long-lived ‘fluorescence activated’ and
‘deactivated’ state*®. These alternative switching mechanisms entail an /s that is several
orders of magnitude lower than in STED. In imaging applications, STED/RESOLFT enables fast
recordings and the application to living cells, tissues, and even living animals®’.

Starting from the basic principles of nanoscopy we will discuss recent developments®’
with particular attention to RESOLFT and the recent nanoscale imaging of the brain of living
mice’ by STED.

References

1. Hell, S. W. & Wichmann, J. Breaking the diffraction resolution limit by stimulated-
emission - stimulated-emission-depletion fluorescence microscopy. Opt Lett 19, (1994).

2. Hell,S. W. Toward fluorescence nanoscopy. Nat Biotechnol 21, 1347-1355 (2003).

3. Hell, S. W.,, Jakobs, S. & Kastrup, L. Imaging and writing at the nanoscale with focused
visible light through saturable optical transitions. Appl Phys A 77, 859-860 (2003).

4. Hell,S. W. Far-Field Optical Nanoscopy. Science 316, 1153-1158 (2007).

5. Hofmann, M., Eggeling, C., Jakobs, S. & Hell, S. W. Breaking the diffraction barrier in
fluorescence microscopy at low light intensities by using reversibly photoswitchable
proteins. PNAS 102, 17565-17569 (2005).

6. Rankin, B. R. et al. Nanoscopy in a Living Multicellular Organism Expressing GFP. Biophys
J100, L63 - L65 (2011).

7. Berning, S., Willig, K. I., Steffens, H., Dibaj, P. & Hell, S. W. Nanoscopy in a Living Mouse
Brain. Science 335, 551 (2012).

8. Grotjohann, T. et al. Diffraction-unlimited all-optical imaging and writing with a
photochromic GFP. Nature 478, 204-208 (2011).

9. Brakemann, T. et al. A reversibly photoswitchable GFP-like protein with fluorescence
excitation decoupled from switching. Nat Biotechnol 29, 942-947 (2011).
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Super-resolution fluorescence imaging of neurons

Xiaowei Zhuang
Department of Chemistry and Chemical Biology, Department of Physics, Howard Hughes
Medical Institute, Harvard University, Cambridge, MA 02138

Dissecting the inner workings of a neuron requires imaging methods with molecular
specificity, molecular-scale resolution, and dynamic imaging capability such that molecular
interactions inside the neuron can be directly visualized. Fluorescence microscopy is a
powerful imaging modality largely owning to its molecular specificity and dynamic imaging
capability. However, the diffraction-limited resolution of fluorescence microscopy hinders
investigation of many sub-neuronal structures. We recently developed a super-resolution
fluorescence microscopy method, stochastic optical reconstruction microscopy (STORM),
which breaks the diffraction limit. STORM uses single-molecule imaging and photo-
switchable fluorescent probes to temporally separate the spatially overlapping images of
individual molecules. This approach has allowed multicolor and three-dimensional imaging
of living cells with nanometer-scale resolution. In this talk, | will present applications of
STORM for imaging neurons, in particular axons and synapses. | will primarily focus on our
recent discovery of a periodic, sub-membrane cytoskeleton structure made of actin, spectrin
and associated molecules. | will describe the molecular organization of this novel structure
and its potential functions.
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Localization microscopy coming of age: From concepts
to biological impact

Markus Sauer
Department of Biotechnology & Biophysics, Julius-Maximilians-University Wuerzburg, Am
Hubland, 97074 Wuerzburg, Germany

Super-resolution fluorescence imaging by single-molecule photoactivation or photoswitching
and position determination (localization microscopy) has the potential to fundamentally
revolutionize our understanding of how cellular function is encoded at the molecular level.
Among all powerful high-resolution imaging techniques introduced in recent years
localization microscopy excels at it delivers single-molecule information about the
distribution and, adequate controls presupposed, even absolute numbers of proteins
present in subcellular compartments. This provides insights into biological systems at a level
we are used to think about and model biological interactions. While achieving super-
resolution is now routine issues concerning data analysis and interpretation mean that revealing
novel biological insights is not. To overcome current limitations of super-resolution imaging
we improve standard localization microscopy methods such as direct stochastic optical
reconstruction microscopy (dSTORM) to provide quantitative information about molecular
distributions and densities with so far unmatched spatial resolution. Here we show that
dSTORM in combination with refined control experiments and reference structures can be
used advantageously to determine the 3D localization and concentration of synaptic
proteins present, e.g., at active zones of synapses in fixed cells, tissue slices, and Drosophila
larvae.

20
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A nanoscale view into the dynamic of AMPA receptor
organization in synapses

Daniel Choquet
Interdisciplinary Inst. For Neuroscience, UMR 5297 CNRS - Université de Bordeaux, France

The spatio-temporal organization of neurotransmitter receptors in the postsynaptic
membrane is a fundamental determinant of synaptic transmission and thus information
processing by the brain. lonotropic AMPA glutamate receptors (AMPAR) mediate fast
excitatory synaptic transmission in the central nervous system. Using a combination of high
resolution single molecule imaging techniques and video-microscopy, we had previously
established that AMPARs are not stable in the synapse as thought initially, but undergo
continuous entry and exit to and from the post-synaptic density through lateral diffusion.
Using three independent super-resolution imaging methods, on both genetically tagged and
endogenous receptors, we now demonstrate that, in live hippocampal neurons, AMPAR are
highly concentrated inside synapses into a few clusters of around seventy nanometers.
AMPAR are stabilized reversibly in these domains and diffuse freely outside them.
Nanodomains are themselves dynamic in their shape and position within synapses as they
can form and disappear within minutes, although they are for the most part stable for at
least up to an hour. These results open the new possibility that glutamatergic synaptic
transmission is controlled by the regulation at the nanometer scale of the position and
composition of these highly concentrated nanodomains.

References

1. Sainlos, M. et al. (2011). Biomimetic divalent ligands for the acute disruption of synaptic AMPAR
stabilization. Nat Chem Biol 7, 81-91.

2. Opazo, P. and Choquet, D. (2011). A three-step model for the synaptic recruitment of AMPA
receptors. Mol Cell Neurosci 46, 1-8.

3. Opazo, P. et al. (2010). CaMKIl triggers the diffusional trapping of surface AMPARs through
phosphorylation of stargazin. Neuron 67, 239-252.

4. Heine, M. et al. (2008). Surface mobility of postsynaptic AMPARs tunes synaptic transmission.
Science 320, 201-205.

5. Bats, C., Grog, L., and Choquet, D. (2007). The interaction between Stargazin and PSD-95 regulates
AMPA receptor surface trafficking. Neuron 53, 719-734.

6. Ehlers, M.D., Heine, M., Groc, L., Lee, M.C., and Choquet, D. (2007). Diffusional Trapping of GIuR1
AMPA Receptors by Input-Specific Synaptic Activity. Neuron 54, 447-460.

7. Triller, A. and Choquet, D. (2005). Surface trafficking of receptors between synaptic and
extrasynaptic membranes: and yet they do move! Trends Neurosci 28, 133-139.

8. Groc, L. et al. (2004). Differential activity-dependent regulation of the lateral mobilities of AMPA
and NMDA receptors. Nat Neurosci 7, 695-696.

9. Borgdorff, A.J. and Choquet, D (2002). Regulation of AMPA receptor lateral mvts. Nature 417.
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Multiscale imaging of the nervous system: Where is
the dark matter?

Mark H. Ellisman

Professor of Neurosciences and Bioengineering; Director, the National Center for Microscopy
and Imaging Research (NCMIR), UC San Diego, CA, USA.

http://www.ncmir.ucsd.edu/

A grand goal in cell biology is to understand how the interplay of structural, chemical and
electrical signals in and between cells gives rise to tissue properties, especially for complex
tissues like nervous systems. New technologies are hastening progress as biologists make
use of an increasingly powerful arsenal of tools and technologies for obtaining data, from
the level of molecules to whole organs, and at the same time engage in the arduous and
challenging process of adapting and assembling data at all scales of resolution and across
disciplines into computerized databases. This talk will highlight projects in which
development and application of new contrasting methods and imaging tools have allowed us
to observe otherwise hidden relationships between cellular, subcellular and molecular
constituents of cells, including those of nervous systems. New chemistries for carrying out
correlated light and electron microscopy will be described, as well as recent advances in
large-scale high-resolution 3D reconstruction with LM, TEM and SEM based methods.
Examples of next generation cell-centric image libraries and web-based multiscale
information exploration environments for sharing and exploring these data will also be
described.
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Imaging of cleared biological samples with the
Ultramicroscope

Hans-Ulrich Dodt"?, Klaus Becker'?, Christian Hahn"?, Saiedeh Saghafi®
Vienna University of Technology, FKE, Dept. of Bioelectronics, 1040 Vienna, Austria
’Center for Brain Research, Medical University of Vienna, 1090 Vienna, Austria.

We report on new developments in Ultramicroscopy to improve imaging of large cleared
biological samples. Objective devices that allow high resolution imaging through 10 mm of
clearing solutions are described as well as special optics to create extra thin light sheets.

In the last years we have developed a special Ultramicroscope (light-sheet microscope) for
visualizing neuronal networks in whole brains. In the Ultramicroscope whole cleared brains
are illuminated with a sheet of light and the optical sections are used for 3D reconstructions.
This approach allows one to employ also low power, wide field objectives for imaging of
large samples.

By clearing neuronal tissue with organic solvents (BABB) after dehydration, we could
visulalize GFP-labelled neuronal networks in the whole brain [1]. Improving our clearing
technology by using tetrahydrofuran for dehydration and dibenzylether (THF/DBE) for
clearing we were able to image GFP-labelled axons even in heavily myelinated spinal cord
[2,3]. Also nervous and muscle structures in drosophila melanogaster can be imaged [4]. Our
and other clearing solutions have non standard refractive indices. Due to a heavy refractive
index mismatch imaging in these solutions with e.g. air or water immersion objectives gives
therefore suboptimal results. We thus developed special objective devices that allow
refractive index matched imaging. We show that high resolution imaging through 10 mm
clearing medium is possible.

Furthermore we substantially increased the axial resolution of our light-sheet microscope by
developing completely new optics for light sheet generation. These optics create an
extremely thin light sheet by the use of a Powell- and several aspheric lenses. As light sheet
thickness determines the axial resolution it is of pivotal importance for the performance of
the light-sheet microscope. Our light sheet is static and will thus in future allow combination
with other microscopic techniques which need constant nonscanned illumination. Examples
for the application of the ultramicroscope are given.

Achnowledgement: Supported by grant P23102-N22 of the FWF
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Controlled delivery of AMPA receptor-containing
recycling endosomes to excitatory synapses

Max Adrian, Lukas C. Kapitein, Marta Esteves da Silva, Corette Wierenga and

Casper C. Hoogenraad

Division of Cell Biology, Faculty of Science, Utrecht University, Padualaan 8, 3584 CH Utrecht,
The Netherlands

Synaptic plasticity in hippocampal excitatory synapses depends on the addition or removal
of AMPA-type glutamate receptors in the postsynaptic membrane. AMPA receptors can
reach the synapse by lateral diffusion in the plasma membrane and/or intracellular transport
into dendritic spines. However, the transport dynamics by which these receptors enter
dendritic spines is still unclear. Here we used high-resolution Total Internal Reflection
Microscopy (TIRFM) in primary cultures of hippocampal neurons to show that intracellular
AMPA receptors are transported in Rabll-positive recycling endosomes that frequently
target dendritic spines. Live-cell imaging using Spinning Disk confocal microscopy
demonstrated that the transport of Rabll-endosomes along the dendritic shaft and in
spines is highly dynamic and depends predominantly on the microtubule and actin
cytoskeleton, respectively. Interestingly, targeting of Rab11-endosomes to dendritic spines is
partially microtubule-dependent. The dynamics of Rabll-endosomes in spines is also
regulated by synaptic activity and clearly altered when actin-based motors Myosin-V and
MyosinVI function is inhibited. Finally, by using chemically-induced heterodimerization to
recruit specific myosin motors to endosomes, we could control the targeting of recycling
endosomes to and from spines and study the effects of induced insertion or removal of
recycling endosomes on synaptic function. Together, these results provide direct evidence
for activity-dependent, microtubule and actin-based AMPA receptor delivery into spines.
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Electrical imaging of axon function

Douglas J Bakkum 2, Urs Frey 3, Milos Radivojevic *, Thomas L. Russell %, Jan
Muller *, Michele Fiscella !, Hirokazu Takahashi 2, Andreas Hierlemann *

[1] Department of Biosystems Science and Engineering, ETH Zurich, Basel, Switzerland.

[2] Research Center for Advanced Science and Technology, The University of Tokyo, Tokyo,
Japan.

[3] RIKEN Quantitative Biology Center, Kobe, Japan.

Investigating how an axon in the central nervous system functions and processes
information is an exciting new frontier for neuronal electrophysiology. While the electrical
properties of somata and dendrites are relatively easily accessed using conventional
techniques, the submicron diameters of axons render intracellular recordings challenging,
and low-magnitude extracellular signals are difficult to detect. Optical techniques such as
Ca"" or voltage sensitive dyes are available but are limited by phototoxicity and
photobleaching. Axons have been generally considered to be stable propagation cables, but
this might be due more to a lack of data rather than support from data. Accumulating
evidence shows that indeed neocortical axons may play more important roles in neural
computation than generally considered, namely, by modulating action potential
propagation. New tools to better detect axonal signals would help to advance this field.

Here, we grew cortical networks over a custom high-density microelectrode array
constructed using complementary metal-oxide-semiconductor (CMOS) technology. The
arrays can electrically trigger and visualize axonal (and neuronal network) activity, non-
invasively and for durations of months. In turn, we tracked axonal action potentials as they
propagated across hundreds of sites. Our data experimentally show, to our knowledge for
the first time, that many-fold velocity differences exist locally within a single neocortical
axon. Furthermore, tracking of a single axon over several days demonstrated that the
velocity profile varied significantly across days and even between sites of initiation.

Local differences in velocities imply the existence of mechanisms acting locally, which may
be observable optically. In the future, combining the functional read-out from the high-
density arrays with super-resolution imaging of submicron diameter axons is an attractive
goal. Axons tagged with molecular markers that fluoresce, for example, ion channels or axon
geometry, may help to begin teasing apart which mechanism are modulating axon function.
However, much effort will be required to adapt existing set-ups for imaging cells on uneven
and opaque surfaces of CMOS-based microelectrode arrays.
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Probing the properties of molecular assemblies at the
cell membrane in live cells with single molecule
imaging and manipulation

Maxime Dahan
Laboratoire Kastler Brossel, Dpt de Physique et Biologie, Ecole Normale Supérieure (ENS),
Paris, France

In this talk, | will present our effort to develop and apply sensitive methods to (i) decipher
the complex dynamics of individual molecules in live cells and (ii) manipulate at the
subcellular level the signaling activities of live cells.

I will first discuss a novel method combining high-density single molecule imaging with
computational tools to map the diffusivity and energy landscapes of membrane receptors.
The benefits of this method will be illustrated by measurements on the properties of glycine
receptors in live neurons and their interactions with gephyrin scaffolds. Next, | will describe
recent experiments in which we used magnetic nanoparticles for locally controlling signaling
activity inside cells demonstrating the interest of using perturbative approach in cell biology.
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Time-resolved fluorescence imaging: a window into
neural function

Dmitri A. Rusakov, Lucie Bard, Thomas P. Jensen, Kaiyu Zheng
UCL Institute of Neurology, University College London, Queen Square, London WCI1N 3BG,
UK

Signal transfer in the brain relies on rapid diffusion of small ions and transmitter molecules
in the extracellular space. How fast these molecules move between cells is however poorly
understood. A recently developed photonics approach, time-resolved fluorescence
anisotropy imaging (TR-FAIM), gauges the speed of molecular rotation on the nanosecond
scale. We find that TR-FAIM faithfully reports translational diffusion of small molecules in
aqueous solutions of varying viscosities and adapt this methodology to evaluate extracellular
molecular mobility in organised brain tissue. Two-photon excitation TR-FAIM of a small cell-
impermeable fluorophore reveals that instantaneous extracellular diffusion in ex vivo
hippocampal slices is 25-30% slower than in a free physiological medium and is further
retarded inside synaptic clefts of large synapses. These findings provide novel constraints for
diffusion-dependent reactions that shape molecular signalling in the brain. We also find that
the fluorescence lifetime (nanosecond scale) of the common Ca®" indicator OGB-1 is highly
sensitive to concentrations of free Ca®* in the nanomolar range. Mapping the OGB lifetime in
live neurons and astroglia reveals a previously unrecognised complexity of the basal Ca**
landscape and its activity-dependent changes in organised brain tissue. These methodologies
open new horizons in our understanding of the cellular machinery that controls neural
circuits of the brain.
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Fluorescent diamond nanocrystal as a probe of
dendritic traffic in primary neurons in culture
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LeaF,J Hsieh®, C-C Wug, H-C Changef, F Treussart® and M Simonneau®

(a) LAC CNRS UPR-3321-ENS Cachan Univ Paris XI (b) INSERM U894 Univ Paris V (c) LPQM-
CNRS ENS Cachan (d) Centre National De Génotypage Evry (e) Dep Of Chemistry-National
Taiwan Univ (f) Dep Of Applied Chemistry-National Chi NAN Univ Taiwan

The establishment and maintenance of neuronal functions are highly dependent on
intracellular transport along dendrites and axons to active zones located far from the cell
body. Changes in trafficking are thought to be partly responsible for synaptic plasticity and
the morphological abnormalities found in many psychiatric and neurodegenerative diseases.
Fluorescent nanodiamonds (fNDs) are well suited for single particles tracking in live neurons
owing to (i) their perfectly stable fluorescence coming from embedded nitrogen-vacancies
color centers and allowing for long term study and (ii) their absence of toxicity. We used a
wide-field fluorescence microscopy-based readout of dendritic traffic in cultured cortical
neurons using size30nm fNDs. After fND internalization in live neurons, we recorded the
trajectories of the vesicles containing the fNDs using pseudo total internal reflection
microscope TIRFM, and showed that this traffic is microtubule-dependent. Thanks to the
high brightness of the nanoparticles we were able to achieve a time resolution down to 20
msframe and a localization accuracy of about 30 nm. Apart from usual trafficking
parameters (mean velocity, processivity, pausing duration, etc) of the molecular motors, the
precision on the trajectories gives also access to spatial organization of the underlying
microtubule network at the single microtubule level since the inter-microtubule spacing in
dendrites is about 90 nm. We first determined, using wild type mouse embryos, that the
optimal Day in Vitro (DIV) time age of the culture to observe the largest mean velocity is DIV
11. We are now studying primary neurons from transgenic mouse embryos overexpressing
genes Mark1 and Slc25a12 which are among the genes suspected to play a role in Autism
Spectrum Disorders (ASDs). The observation of anomalous traffic of fND-labeled dendritic
endosomes in the ASDs-related transgenic neurons would be a proof a principle of the
potential of our approach in functional readout of genetic neuropsychiatric disease-related
anomalies. In parallel to the study of the dendritic endosomal traffic, we started to target
glutamate receptor GIuR1-GFP chimeric construct with monochain antibody antiGFP
nanobodies-functionalized fNDs, in order to quantify the membrane synaptic receptor
traffic. Furthermore, we got preliminary results in microinjecting fNDs in cortical neurons
through a patch-clamp approach opening new perspectives in precise intracellular targeting.
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Phase microscopy with oblique fields

Jerome Mertz
Dept. of Biomedical Engineering, Boston University

Phase contrast microscopy has benefited from a resurgence in interest over the past decade,
particularly owing to the development of methods that are quantitative and fast. | will
present two such methods.

The first is called Partitioned Aperture Wavefront (PAW) imaging, and is based on a
transmission configuration with oblique field detection. PAW imaging has the advantage of
being fast (single-shot), achromatic (works with white light), and light efficient (works with
extended sources). | will show how PAW microscopy provides quantitative phase contrast in
thin samples, allowing the possibility of post-acquisition numerical refocusing. PAW
microscopy also enables the possibility of user adjustable parallax in absorbing or
fluorescent samples, providing a simple technique for real-time pseudo-3D imaging.

The second method is called Oblique Back-illumination Microscopy (OBM), and is based on a
reflection configuration. OBM provides images similar to Differential Interference Contrast
(DIC) microscopy, but with the advantage that it can be applied to arbitrarily thick samples.
As such, OBM is suitable for endomicroscopy applications, which | will demonstrate with a
fiber-bundle-based prototype operating at near video rate. OBM can be applied both in
widefield or scanning configurations. Moreover, OBM can be operated in an extended depth
of field mode, providing in-focus imaging over depth ranges close to 100 microns.

Both PAW and OBM microscopy work with unlabeled tissue. Applications to neural imaging
will be discussed.
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Fast multi-site optical recordings and stimulations in
the cerebellum with acousto-optic deflectors
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Stéphane Dieudonné®

1 Inhibitory Transmission Team, Institute of Biology of the Ecole Normale Supérieure,
INSERM U1024, CNRS UMR 8197, ENS, Paris, France.

2 Wavefront Engineering Microscopy Group, Neurophysiology and New Microscopies
Laboratory, CNRS UMR 8154, INSERM S603, University Paris Descartes, Paris, France.

3 Imaging facility, Institute of Biology of the Ecole Normale Supérieure, INSERM U1024, CNRS
UMR 8197, ENS, Paris, France.

The optical control and readout of neuronal activity with cellular and subcellular precision
has become a foreseeable achievement. We seek to dissect the input-output function of
individual neurons and of circuits of the cerebellum in vitro by simulating ongoing afferent
activity with light and by monitoring optically the resulting neuronal activity. Matching the
dynamic of optical stimulations and recordings to that of neuronal activity requires the
development of fast and flexible light steering techniques.

Acousto-Optic Deflectors (AODs) are non-mechanical diffractive beam steering devices.
AODs can address any voxel in the field of view in a few microseconds and in a discrete way.
We will describe the principles underlying acousto-optic beam steering and present a simple
strategy to mitigate the spatial and temporal dispersion produced by AODs when combined
with femtosecond pulsed lasers. We will show that multiphoton AOD based imaging yields
recordings with unmatched signal to noise ratios at up to 200 kHz, revealing dendritic
calcium electrogenesis in cerebellar Purkinje cells. We will then show how AODs can be
combined with low NA Gaussian beam illumination to create light patterns and stimulate
channelrhodopsin expressing neurons and fibers with good spatial specificity. We will
compare this optical model of activity to previously obtained chemical models used in the
cerebellar cortex.

Combining AOD stimulation and readout should provide a useful tool to dissect neuronal
network function in vitro.
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Two-photon optogenetics by wave front shaping of
ultrafast pulses

Valentina Emiliani

Wave front engineering microscopy group

Neurophysiology and New Microscopies Laboratory, CNRS UMR8154, INSERM U603, Paris
Descartes University, 45 Rue des Saints Péres, 75270 Paris Cedex 06, France

The combination of light microscopy and optogenetics offers the possibility to control
activation and inhibition of neuronal activity enabling the analysis of well-defined neuronal
population within intact neuronal circuits and systems. Interestingly, optogenetics has
already permitted to address key biological questions with relatively simple illumination
methods using widefield visible light illumination. However, some limitations in the
specificity of genetic targeting and the intricate morphology of the brain make it challenging
to, for example, individuate subsets of genetically identical interconnected cells, or to
establish the role of specific spatiotemporal excitatory patterns in guiding animal behavior. To
reach such degree of specificity, more sophisticated illumination methods are required.

Here | will present a series of new methods recently developed in my laboratory for precise
activation of optogenetics channels, based on the temporal control of ultrafast pulses for
axial localization of the illumination volume and on either digital holography or the
generalized phase contrast method [1, 2] for lateral light patterning. Exemplary experiments
showing two-photon activation of ChR2, one of the most used optogenetic channels, in brain
slices will be showed. | will also present some recent results showing that both axial
resolution and lateral light shape of temporally focused beams are impressively robust to
scattering permitting photoactivation of ChR2 at depth greater than 200Em [3].

References
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STED microscopy reveals nanoscale defects in the
developmental trajectory of dendritic spine
morphology in a mouse model of FXS
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(1) Patrick Wild Centre, University of Edinburgh, UK
(2) Interdisciplinary Inst. for Neuroscience, UMR 5297, Univ. de Bordeaux & CNRS, France

Dendritic spines form the postsynaptic part of most excitatory synapses in the brain, their
morphology being closely reflected in their function. Dendritic spine dysgenesis is commonly
reported in postmortem tissue from individuals with intellectual disability (ID) and autism
spectrum disorder (ASD); for example, in fragile X syndrome (FXS), a monogenic and highly
penetrant cause of ID and ASD. Postmortem tissue from individuals with FXS and mouse
models lacking FMRP are reported to show a preponderance of long and thin dendritic
spines, a morphology typically thought as “immature”. However, these studies use
diffraction-limited microscopy (which has a X-Y resolution of 250nm), thus are limited in
their ability to resolve important morphological features of spines, such as spine necks,
which serve to functionally compartmentalize synapses.

To determine whether the loss of FMRP affects morphological parameters that define
synapse compartmentalization, we used stimulated emission depletion (STED) microscopy to
image spine morphology at the nanoscale (spatial resolution 60nm).

Apical dendrites of pyramidal cells in dorsal hippocampal CA1 and layer 5 (L5) of primary
somatosensory cortex at postnatal day (P) 14 and P37 were visualised by crossing Fmri1+/-
mice with the thyl-eYFP mouse line.

In CA1 from P14 mice, no differences between genotypes were observed in the cumulative
distributions of spine neck width or length, while distributions of spine head widths were
significantly different between genotypes with smaller heads in Fmr1-/y mice. At P37, the
distributions of all spine parameters measured were significantly different between
genotypes with Fmr1-/y mice having wider and shorter spine necks and larger spine heads.
L5 pyramidal cells from P14, Fmr1-/y mice showed a significant change in the distribution of
spine neck width with more constricted necks compared to wildtype; the distributions of
morphological parameters at P37 were not different between genotypes. No difference in
spine density was observed between genotypes.

Contrary to standard dogma, dendritic spines on CA1 and L5 pyramidal cells become smaller,
shorter and their necks wider with age predicting that synapses become less
compartmentalised. Fmrl-/y mice largely follow this developmental trajectory, exhibiting
only subtle cell type- and age- specific alterations.
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Multiplexed dendritic computations by calcium and
voltage
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Non-linear summation of synaptic inputs within a dendritic branch endows neurons with
multiple computational subunits, favoring different types of pattern detection. Most
neuronal types display a supralinear summation of synaptic inputs, due to the activation of
NMDAR or voltage-gated calcium channels, with a concomitant supralinearity of local Ca*
signaling. Recently we showed that the thin dendrites of cerebellar interneurons (stellate
cells) confer a sublinear synaptic stimulation, consistent with a reduced driving-force for
synaptic currents caused by large local depolarizations, but may have less influence on the
Ca’* entry through synaptic AMPARs due to a smaller fractional change in the driving force.
We then set out to directly measure the amplitude, time course, and spatial distribution of
dendritic depolarizations, then examine the computational rules influencing dendritic [Ca2+]
changes in response to synaptic activation. Using fast line-scan imaging and the two-
component voltage sensor DiO/DPA , we observed that, in accordance with our previous
predictions, the local depolarization in the dendrites of stellate cells in response to the
activation of a few synapses is rapid (<2ms), of large amplitude (up to 50mV) and increase
with distance from the soma, and is widely spread in the dendrite (several tens of ums). The
measurement of Ca’" transients in stellate cells dendrites showed that, in contrast to
dendritic voltage, Ca** transients are more localized (<10pm), summed linearly in response
to paired stimulation of parallel fibers, and supra-linearly in response to synaptic activation
by high-frequency trains. Therefore Ca®* and voltage in dendrites can obey different
computational rules and thus differentially extract information from synaptic activity. The
sublinear summation of voltage contributes to sparse-synaptic input detection, while linear
and supralinear [Ca**] summation can be used to regulate synaptic strength.
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Nanoscale 3D topological structure of chromatin in
live cells

Enrico Gratton
Laboratory for Fluorescence Dynamics, Department of Biomedical Engineering, University of
California, Irvine, USA.

Chromatin structure, compaction and remodeling at the micro and nanometer scale have
fundamental roles in many biological events. Chromatin compaction produces
heterogeneity of the cell nucleus which results in specific structural and transport properties
which have been only partially studied. Although the nucleosome structure has been in part
deciphered, the topology of chromatin structure at the micron scale remains unresolved. In
this work, based on the Gold Enhanced Nano Imaging (GENI) method we studied chromatin
organization using the orbital 3D tracking technique applied to 20 nm gold nanoparticles
(NPs) interacting with the chromatin. As the particles move in the proximity of the
chromatin, this method provides insight of local structure and transport properties at the
nano scale by following the trajectories of gold nanoparticle with nanometer precision.
Using two-photon excitation, the fluorescence of fluorophores that are in the nanometer
proximity to the gold particle is strongly enhanced. Metallic NPs do not bleach or blink upon
continuous illumination, are extremely stable, very bright and their luminescence spans over
the visible spectrum. These characteristics allow us to track them for several minutes thus
providing 3D trajectories appreciably longer than those based on fluorescent proteins or
guantum dots. For this study we have analyzed the motion of nanoparticles incorporated
inside the nucleus of NIH3T3 live cells. By tracking with high precision in 3D these
nanoparticles we can have ~5 — 30 minutes long trajectory. In ~¥30% of the cases, we have
observed that the NPs remain in regions of apparent confined motion (clusters) and
eventually they undergo a long (in the micrometer range) excursion. We have found that the
NPs within the clusters move faster than when travelling between clusters. These results
suggest a topology for the chromatin made of cavities where the NP can move fast. These
cavities are connected by channels where the particles move slowly but in a constant
direction. Additionally, we expressed histones in NIH3T3 cells with different colors of
fluorescent proteins. We show that as the NP moves along the trajectory, the emission
changes alternatively between the two colors indicating that the NP is sensing the local
chromatin environment.
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Intravital spectral two-photon microscopy and spinal

glass window to study neuroinflammation in spinal
pathologies
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Intravital two-photon microscopy of our pin-prick spinal cord injury model has revealed that
severed dorsal root ganglions axons have the intrinsic ability to regenerate through the
lesion site especially in highly vascularized areas. The vascular environment indeed exerts a
pro-regenerative effect on neurons that depends neither on the diameter, nor on vessel type
suggesting a minimal impact of oxygenation and nutrients supply on axonal regeneration
(Dray et al. PNAS 2009). On the other hand, pericytes and perivascular astrocytic feet are
known to deposit laminin around blood vessels which offer a permissive substrate
promoting not only axon growth in their vicinity, but also promoting the migration of
circulating immune cells into the spinal parenchyma.

Resident and peripheral myeloid cells are indeed massively recruited to the spinal cord lesion where
their influence injury progression. Their precise spatiotemporal recruitment dynamics and their
respective roles after SCI however remain heavily debated partly due to technical limitations. To
clarify these points we have generated multicolor transgenic fluorescent mice with several
populations of labelled immune cells. We have also adapted our Imaging protocol to get rid
of the artefactual inflammation induced by repeated surgical procedures. A spinal glass
window methodology has thus been set up to follow the interactions between immune cell
populations and severed/regenerating in the spinal cord of anesthetized and freely
breathing mice (Fenrich et al. J.Physiol 2012).

Using chronic, quantitative intravital imaging of this mice, we have shown that infiltrating LysM(+)
and resident CD11c(+) myelomonocytic cells have distinct spatiotemporal recruitment profiles and
exhibit changes in morphology, motility, phagocytic activity, and axon interaction patterns over time
(Fenrich et al. J.Physiol. 2013). Importantly our result underscores the importance of precise timing
and targeting of specific cell populations in developing therapies for SCI.

Overall the technique can potentially be adapted to evaluate cellular functions and
therapeutic strategies in the context of other spinal cord pathologies such as models of
multiple sclerosis (Fenrich et al. JOVE in press).

35



rd
3 International Symposium
FRONTIERS IN NEUROPHOTONICS

Nanoscale organization and dynamics of branched
actin network regulators within dendritic spines
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F-actin network dynamics drive morphological remodeling of neuronal dendritic spines and
changes in synaptic transmission. Yet, the spatiotemporal coordination of F-actin regulators
in spines is unknown. Using single protein tracking and super-resolution imaging we show
that within spines branched F-actin nucleation occurs at the PSD vicinity, while elongation
occurs at membrane protrusion tips. This organization is opposite to classical lamellipodial
protrusive structures where branched F-actin nucleation and elongation occur at protrusion
tips. The PSD is a persistent confinement zone for the WAVE complex and IRSp53. The
Arp2/3 complex and Racl GTPase converge to this zone respectively by cytosolic and
membrane free-diffusion. Accordingly, F-actin branches, visualized by Arp2/3, are immobile
and surround the PSD. In contrast, new F-actin barbed ends, visualized by VASP, elongate
outwards from the PSD with the tip of transient Racl-dependent protrusions. Enhanced
Racl activation in spines restores the spatiotemporal coordination of F-actin regulators
observed in lamellipodia. The initiation of branched F-actin nucleation at the PSD might
coordinate synaptic activity and spine structural plasticity.
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Deciphering biochemical information processing
during plasticity at single synapses

Haruhiko Bito
Dpt of Neurochemistry, The University of Tokyo Graduate School of Medicine, Tokyo, Japan

The nervous system adapts to a fluctuating environment through activity-dependent
modulation of neuronal properties such as synaptic plasticity. The direction and extent of
such sustainable modulation is determined by the stimulus parameters, suggesting that the
biochemical machineries that operate at synapses can readily compute the input
information. Ca**- and calmodulin-dependent kinase 1l (CaMKIl) and calcineurin appear to
play key roles in these processes. However, several important theoretical postulates
underlying the role of CaMKIl and calcineurin during synaptic plasticity—e.g. that CaMKIl in
spines functions as a high-frequency input detector or that calcineurin is uniquely activated
by low-frequency stimulation—remain untested in living neurons. Furthermore, whether
and how the information encoded in glutamate release rates at individual synapses can be
reliably converted into biochemical activation patterns of these postsynaptic enzymes also
remains unexplored.

To address these questions, we developed a novel dual FRET imaging platform and recorded
CaMKlla and calcineurin activities in hippocampal neurons, while varying glutamate
uncaging frequencies. 5Hz spine glutamate uncaging strongly stimulated calcineurin but not
CaMKlla, with little spine morphological change. In contrast, 20Hz spine glutamate uncaging
which induced spine growth activated both CaMKlla and calcineurin, with distinct
spatiotemporal kinetics. Higher temporal resolution recording in the soma revealed that
CaMKlla activity summed supralinearly and sensed both higher frequency and input number,
thus acting as an input frequency/number decoder. In contrast, calcineurin activity
summated sublinearly with increasing input number and showed little frequency-
dependence, thus functioning as an input number counter. Further analyses of the dual
recording of Ca’* transients and downstream enzyme activities revealed that this distinction
in fact resulted from the differential decoding of Ca* amplitudes vs Ca** integrals by CaMKII
and calcineurin, respectively.

These results provide evidence that CaMKIlla and calcineurin are activated through distinct
non-linear Ca®' decoding mechanisms, and fine-tuned to unique bandwidths, thus
computing distinct input variables in an asymmetric, rather than opposing manner.
Deciphering critical rules underlying key enzymatic information processing at excitatory
synapses enhance our understanding of the temporal and spatial dynamics of molecular
memory events underlying synaptic plasticity and learning & memory.

37



rd
3 International Symposium
FRONTIERS IN NEUROPHOTONICS

High speed 3D 2-photon microscopy and adaptive
optics with an acousto-optic lens
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Neuronal signaling is typically brief (1-100 ms) and sparsely distributed in 3D space: in the
patterns of activated synapses on the dendritic tree of an individual neuron and in the
electrical activity of populations of neurons within a network. Two-photon microscopy
enables neural activity to be monitored with high spatial resolution deep within scattering
tissue. However, conventional imaging methods are limited in the speed at which they can
monitor rapid spatially distributed signals and in the depth at which fine structures can be
resolved.

We have addressed the first of these two limitations by developing a high speed Acousto-
Optic Lens 2-photon microscope that can perform 3D random access functional
measurements at 36 kHz. Here we show that simultaneous monitoring of activity from many
synaptic inputs distributed over the 3D arborisation of a neuronal dendrite using both
synthetic as well as genetically-encoded indicators. Our results showing that a range of
wavelengths can be used with the AOL microscope (800 nm — 920 nm), substantially extends
their utility for functional imaging. We also confirm the utility of AOL-based imaging for fast
in vivo recordings by measuring, simultaneously, visually-evoked responses in 100 neurons
distributed over a 150 Bm focal depth range.

Adaptive optics are also increasingly being used in neuroscience, to correct for tissue-
induced aberrations enabling deeper two-photon imaging. However, choosing between
deformable mirrors and spatial light modulators, involves a trade-off between response
speed, spatial frequency and precision. Moreover, these devices are too slow for use with
AOL microscopes, operate at 30-50 kHz. Here we establish that wavefront shaping can be
performed at >30 kHz with an AOL. Optical phase patterns were generated by driving a
cylindrical AOL with nonlinear radio frequency waveforms using a custom-designed FPGA
control system. This enabled continuous linear scanning in the X-Z plane, and corrected for
spherical-type aberration introduced by a fixed optical element. Our proof-of-principle
results suggest that a combination of AOL-based ultra high speed wavefront shaping and
AOL-based 2-photon microscopy will provide improved optical resolution, arbitrary plane
raster scanning and enable 3D random access measurements deeper within brain tissue.
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Optical imaging synaptic inputs on neuronal dendrites

Yuji Ikegaya
Graduate School of Pharmaceutical Sciences, The University of Tokyo

Neuronal dendrites collect excitatory and inhibitory synaptic inputs from multiple
presynaptic neurons and convey them to the soma in a nonlinear manner. Most of the
previous studies have examined this dendritic integration process by artificially activating
synapses, and thus, the impact of intrinsically generated patterns of synaptic inputs on
somatic depolarization remains unknown. To reveal the spatiotemporal patterns of
spontaneous synaptic activities and their influences on somatic depolarization, we
developed functional multi-spine calcium imaging, which could simultaneously visualize
hundreds of synaptic activities into a single neuron at the single synapse level. We imaged
dendrites of CA3 pyramidal cells in hippocampal slice cultures at 30 frames per second in a
confocal field of approximately 150 x 150 um2. We found that synaptic inputs did not
necessarily induce somatic depolarization in a spontaneously active network; only specific
synchronized combinations of synapses seemed to be able to depolarize the soma. This
synapse-soma decoupling was diminished in disinhibited neurons that were intracellularly
perfused with a GABAA receptor blocker through patch-clamp pipettes. Therefore, dendrites
filter synaptic inputs from presynaptic cell assemblies by recruiting inhibitory interneurons.
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Plasticity of maturing glutamate synapses requires
NMDA receptors lateral mobility
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NMDA receptors (NMDAR) play an important role in setting the plastic range of glutamate
synapses, mostly through the adaptation of GIuN2A- and GIuN2B-NMDAR signalling. The
cellular pathways by which NMDAR subtypes are dynamically trafficked during activity-
dependent synaptic modifications remain however unknown. Using a combination of high-
resolution single nanoparticle imaging and electrophysiological approaches in maturing
hippocampal networks, we here report a NMDAR-, mGIuR5-, and CAMKII-dependent rapid
lateral escape of synaptic GIuUN2B-NMDAR occurring during long-term potentiation (LTP).
Artificially preventing this surface redistribution alters the activity-dependent change in
CAMKII intracellular dynamic in spines and prevents LTP. Moreover, anti-NMDAR
autoimmune antibodies from patients with cognitive dysfunctions also acutely block NMDAR
surface dynamics and consequently LTP. Together, these data reveal that GIuN2B-NMDAR
surface dynamics control the adaptation of glutamate synapses in developing neuronal
networks.
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Large-scale in vivo calcium imaging of hippocampal
network activity

A. Malvache*, V. Villette*, T. Tressard, R. Cossart.
INMED, INSERM U901, Aix-Marseille Université, Parc scientifique de Luminy, Marseille
FRANCE

The hippocampus is a cortical region mainly involved in spatial navigation and memory. Over the past
decades, it has been extensively studied using electrophysiological recordings. Thanks to the recent
development of the two-photon microscope (2PM) and activity-dependent fluorescent proteins,
functional imaging of the hippocampus in awake mice is emerging with several promising results. We
adapted this technique to be able to image over a large field of view, providing simultaneous access
to the activity of hundreds of neurons. By imaging during spatial navigation, we investigate the place
modulation of multi-neuron dynamics in the hippocampus. We are currently imaging in CA1 (200um
deep) and we plan to scale the imaging down to 1mm using adaptive optics in order to reach the
dentate gyrus.

We image the hippocampus in awake adult mice: the animal is head-fixed under the objective and
can run freely on a non-motorized treadmill. The hippocampus being located below the cortex, we
perform a surgery to remove the cortex and put a chronic window above the region of interest. Viral
induction of a genetically encoded calcium indicator (CaMP5G or 6M) is used to monitor the activity
of neurons. We image the GCAMP fluorescence using a laser scanning 2PM. To recover the cells’
activity, we developed a custom-made program combining movement correction, correlated activity
detection (principal and independent component analysis), cell identification and onsets detection.

In the hippocampus, spatial information is carried by place cells, which fire at a given place in the
environment. On a treadmill, these so-called place cells are always associated with the presence of
cues. We investigate spatial representation in the case of a void environment (no cues and no limits),
where place cells cannot be defined. In this context, we present a new representation of space in the
pyramidal layer of CA1.

To be able to pursue a similar type of analysis in the dentate gyrus, the functional entry gate to the
hippocampus but a deeper region, so far not accessible to imaging techniques, we need to scale the
imaging depth of the 2PM. It is currently limited to few 100um due to the intrinsic absorption of the
tissue and the aberrations on the incoming laser path induced by the inhomogeneous refractive
index. Using adaptive optics, we plan to pre-compensate the wave-front distortion to scale the
imaging down to 1 mm. To do so, we will implement a large-field reconstruction of the 3D aberration
map using indirect measurement methods.

Therefore by pushing the experimental limits of in vivo imaging in the awake mouse hippocampus,
we should be able to uncover new rules linking the organization of neuronal assemblies to
hippocampal function.
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High speed imaging of mouse brain cortical
spontaneous activity provides insight into regional
connectivity.

Murphy TH, Mohajerani MH, Chan AW, Mohsenvand M, Ledue J, Reimers M,
XieY
University of British Columbia, Vancouver BC Canada

Using millisecond-timescale voltage-sensitive dye imaging in lightly anesthetized or awake
adult mice, we show that a palette of sensory-evoked and hemisphere-wide activity motifs is
represented in spontaneous activity within the delta frequency band. These motifs can
reflect multiple modes of sensory processing, including vision, audition and touch. We found
similar cortical networks with direct cortical activation using channelrhodopsin-2. Regional
analysis of activity spread indicated modality-specific sources, such as primary sensory areas,
a common posterior-medial cortical sink where sensory activity was extinguished within the
parietal association area and a secondary anterior medial sink within the cingulate and
secondary motor cortices for visual stimuli. Correlation analysis between functional circuits
and intracortical axonal projections indicated a common framework corresponding to
regional long-range monosynaptic connections between cortical regions. Similar maps were
observed with other indicators of neuronal activity such as intracellular calcium and
measures of neurotransmitter release. We anticipate that knowledge of these core
structural and functional maps will be critical for study of both normal experience
dependent changes to networks, as well as pathological changes to following diseases such
as stroke.

42



<

frontiersneurophotonics.org

Connectomics: The dense reconstruction of neuronal
circuits

Moritz Helmstaedter
Max Planck Institute of Neurobiology

The mapping of neuronal connectivity is one of the main challenges in neuroscience. Only
with the knowledge of wiring diagrams is it possible to understand the computational
capacities of neuronal networks, both in the sensory periphery, and especially in the
mammalian cerebral cortex. Our methods for dense circuit mapping are based on 3-
dimensional electron microscopy (EM) imaging of tissue, which allows imaging nerve tissue
at nanometer-scale resolution across substantial volumes (typically hundreds of
micrometers per spatial dimension) using Serial Block-Face Scanning Electron Microscopy
(SBEM). The most time-consuming aspect of circuit mapping, however, is image analysis;
analysis time far exceeds the time needed to acquire the data. Therefore, we developed
methods to make circuit reconstruction feasible by increasing analysis speed and accuracy,
using a combination of crowd sourcing and machine learning.

We have applied these methods to circuits in the mouse retina, mapping the complete
connectivity graph between almost a thousand neurons, and we are currently improving
these methods for the application to neuronal circuits in the neocortex using automated
image analysis, together with online science games.
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Infrared and nanoparticle assisted stimulation of
auditory neurons in vitro

W. G. A. Brown', J. Yong?, K. Needham®, B. A. Nayagam®, P. R. Stoddart’

1Faculty of Engineering and Industrial Sciences Swinburne University of Technology
Hawthorn, PO Box 218, Vic 3122, Australia

2Faculty of Life and Social Sciences, Swinburne University of Technology, Hawthorn, PO Box
218, VIC 3122, Australia

3Department of Otolaryngology, University of Melbourne, VIC 3002, Australia

The use of optical techniques for neural stimulation has become widespread in neuroscience
over the past two decades. Methods such as optogenetics and glutamate uncaging have led
to substantial progress in the understanding of neural circuits and show great promise for
further advances in coming years.

Infrared neural stimulation (INS) is an emerging technique that has been demonstrated in a
wide range of peripheral and central neural tissue, predominantly in the context of bionic
devices. INS uses pulsed infrared laser light at infrared wavelengths (typically between 1400
nm and 2100 nm) to generate stimuli in neural tissue and shares many of the advantages of
other optical techniques such as a high degree of spatial selectivity and non-contact
stimulation. Furthermore, in its most basic implementation INS requires no modification
(genetic or otherwise) of the target tissue; although there is potential to improve the
process by adding absorbing particles to the tissue.

Here we present the findings of patch clamp recordings from more than 100 cultured
primary auditory neurons exposed to pulsed infrared light (1535 nm and 1870 nm). Our
results are consistent with in vitro studies of other cell types; however they deviate from
previous investigations of INS jn vivo, which have found substantially lower stimulation
thresholds for auditory neurons than for other targets. This discrepancy suggests that an
additional process may be involved in infrared stimulation of auditory neurons in vivo.

We also present findings of further experiments in auditory neurons, generating the heating
required for INS via gold nanorods that are specifically tailored to absorb 780 nm light. Gold
nanoparticles exhibit relatively good biocompatibility, making them a good candidate for use
as a specific absorber in INS. Our initial results indicate that nanoparticle assisted INS
requires comparable energy densities to water-absorption mediated INS. However, since the
water-absorption coefficient of 780 nm light is around 100 times smaller than at typical INS
wavelengths, energy delivered through nanorod absorption arrives in a more targeted
manner that minimizes heating of the intervening tissue.
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Integrating superresolution data of live cell imaging to
synaptic dynamics

David Holcman

Group of Applied Mathematics and Computational Biology, IBENS Ecole Normale Supérieure,
Paris, France

Synaptic strength at a molecular level depends in part on the number of AMPAR at synapses.
We shall present an integrative modeling approach of synaptic transmission that accounts
for receptor dynamics and a novel method to extract local biophysical properties from
thousands of individual trajectories obtained from superresolution microscopy data. We will
focus on AMPA receptor diffusion properties and the strength of their molecular interaction
at the sub-diffraction level.

Our analysis reveals several attracting potential wells of large sizes, showing that the high
density of AMPARs is generated by physical interactions with an ensemble of cooperative
membrane surface binding sites, rather than molecular crowding. Furthermore, potential
wells can control the flux of receptors at the base of dendritic spines. Finally we will mention
possible origin of these potential wells.

This talk summarizes our long lasting effort in integrating key parameters involved in

regulating synaptic transmission and plasticity, processes that underlie learning and
memory.
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Stability and plasticity of inhibitory synapses: a
nanoscopic point of view

Antoine Triller
IBENS (Institut de Biologie de I'Ecole Normale Supérieure, IBENS, Paris)

The variability of the postsynaptic response following a single action potential arises from
two sources: the neurotransmitter release is probabilistic, and the postsynaptic response to
neurotransmitter release has variable timing and amplitude. At individual synapses, the
number of molecules of a given type that are involved in these processes is small enough
that the stochastic (random) properties of molecular events cannot be neglected. How the
stochasticity of molecular processes contributes to the variability of synaptic transmission,
its sensitivity and its robustness to molecular fluctuations has important implications for our
understanding of the mechanistic basis of synaptic transmission and of synaptic plasticity.
Using single particle tracking and super-resolution imaging, we will address the issue of
inhibitory postsynaptic receptors dynamic, their interactions with scaffolding protein and
regulations implicated in synaptic plasticity. Combination of single particle tracking and
super-resolution methods, open access to molecular counting and energy involved in
receptor-scaffold interactions as well as on and off rate of molecular interactions. Thus
beyond super-resolution methods is chemistry “in cellulo” accounting for the regulation of
receptor number and consecutively that of synaptic strength.
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New approaches in single molecule detection and
super-resolution microscopy

Brahim Lounis
Laboratoire Photonique Numérique et Nanosciences, Institut d’Optique Graduate School,
CNRS and Université de Bordeaux, Talence F-33405, France

The optical microscopy of single molecules has recently been beneficial for many
applications, in particular in biology. It allows a sub-wavelength localization of isolated
molecules and subtle probing of their spatio-temporal nano-environments on living cells.

For many single-molecule microscopy applications, more photostable nanoprobes than
fluorescent ones are desirable. For this aim, we developed several years ago far-field
photothermal methods based on absorption. Such approaches do not suffer from the
inherent photophysical limitations of luminescent objects and allows the ultra-sensitive
detection of tiny absorbing individual nano-objects such as gold nanoparticles down to 5 nm
in cells. | will present our current efforts to reduce the size of the functional nano-objects
and thus obtain single-molecule photothermal nanoprobes for single biomolecules detection
in confined cellular environment (adhesion sites, synapses etc...).

It is also crucial to study a large number of individual molecules in a specific region of a single
cell while keeping the sub-wavelength localization. The dynamical properties of endogenous
membrane proteins found at high densities on living cells can be studied using the uPAINT
technique. It does not require the use of photo-activable fluophores and allows easy multi-
color super-resolution imaging and single molecule tracking. Applications of uPAINT will be
presented, in particularly the first demonstration of super-resolution imaging of functional
receptors in interaction. This result was obtained combining super-resolution microscopy
and single molecule FRET.

Super-resolution microscopies based on single molecule localization are intrinsically
parallelized. They have, however, very limited imaging speed. Freed from the constraint of
sequentiality of single molecules emission, stimulated emission depletion (STED) nanoscopy
offers better temporal resolution. However, STED remains point-scanning techniques, which
need parallelization in order to fully benefit from this temporal resolution for fast wide field
imaging. We achieved massive parallelization of STED nanoscopy using wide-field excitation
together with well-designed optical lattices for depletion and a fast camera for detection.
Acquisition of large field of view super-resolved images requires scanning over a single unit
cell of the optical lattice. Interference STED (In-STED) wide field images are obtained at 12.5
frames per second and with resolution down to 70 nm.

47



rd
3 International Symposium
FRONTIERS IN NEUROPHOTONICS

Controlled subcellular targeting of quantum dots in
living cells

Marina Mikhaylova®™ **, Eugene A. Katrukha', Hugo X. van Brakel®, Paul M. van
Bergen en Henegouwenl, Anna A. Akhmanoval, Casper C. Hoogenraadl, Lukas
C. Kapitein'*

Icell Biology, Department of Biology, Faculty of Science, Utrecht University, 3584 CH Utrecht,
the Netherlands
’RG Neuroplasticity, Leibniz Institute for Neurobiology, 39118 Magdeburg, Germany

# These two authors contributed equally

Resolving the precise intracellular dynamics of individual cytosolic and membrane-bound
proteins contributes to a quantitative understanding of organization and function of living
cells. In recent years, different types of nanoparticles have emerged as promising tools for
high-contrast intracellular imaging, but their widespread application for cellular assays has
so far been limited by a lack of robust and generic delivery techniques and well-controlled
subcellular targeting method. Here we use novel electroporation and functionalization
strategies to establish robust targeting of quantum dots (QDs) to specific cytosolic and
membrane-bound proteins in adherent cells. Single-chain antibodies (nanobodies) against
GFP were used to couple QDs to tunable numbers of GFP-tagged proteins and the dynamics
of different cytosolic (kinesin motors) and membrane-bound proteins (ER, mitochondria)
were studied. In addition, temporal control of QD targeting was achieved using a
chemically-induced heterodimerization system. The strategy to couple nanoparticles to
tunable numbers of specific (membrane-bound) proteins inside live cells offers many new
opportunities to study and control intracellular processes.
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Dynamic Cellular Imaging: insight beyond images

Daniel Coté
Centre de Recherche de I'Institut Universitaire en Santé Mentale de Québec (CRIUSMQ),
Université Laval, Québec, QC, Canada

Cells adapt their morphology and dynamics in response to their changing environment.
Microglia for instance will change their morphological characteristics in response to
inflammation but will also modify their behaviour when surveying the environment.
Similarly, endothelial cells will loosen their tight junctions to allow passage of molecules,
proteins and cells into the parenchyma. Studying these aspects require live imaging to assess
over time the key dynamical aspects. This in turn requires robust systems to control animal
movement, or process images in real-time.

I will show that the key cellular properties of several pathologies can only be assessed

dynamically. Examples will be shown of how we develop technology to address questions
about spinal cord activity, blood brain barrier dynamics and microglial activity in neuropathy.
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Probing cargo transport with correlated live cell and
super-resolution microscopy

Stefan Balint', lone Verdeny Vilanova’, Angel Sandoval Alvarez', Melike

Lakadamyali
!|CFO-Institut De Ciencies Fotoniques, Castelldefels (Barcelona)

Intracellular transport is essential for many cellular processes especially for the healthy
functioning of neuronal cells due to their extended morphology. In order to reach their
target destination motor-protein bound organelles must navigate through a complex
network of microtubules. While the behavior of motors bound to cargo has been studied
extensively using in vitro reconstituted microtubules, our knowledge of in vivo transport
behavior of multiple motors coupled to cargo in the context of the complex cellular
environment is very limited. In order to probe and relate the transport behavior of
organelles to the underlying microtubule architecture in living cells, we have developed a
sequential and correlated approach that takes advantage of live-cell imaging and single
particle tracking combined with superresolution imaging using Stochastic Optical
Reconstruction Microscopy (STORM) (Balint et al., PNAS, 2013). | will summarize our results
on in vivo motor function using this novel approach and detail our efforts to automate this
method using microfluidic imaging devices.
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Connecting in vivo synaptic plasticity with ex vivo
whole brain imaging: correlative two photon and light
sheet microscopy

Ludovico Silvestri®, Anna Letizia Allegra Mascaro®, Irene Costantini®, Leonardo

.ab . b,c,d
Sacconi®®, and Francesco Saverio Pavone®"“

(a) European Laboratory for Non-linear Spectroscopy, University of Florence, Italy (b)
National Institute of Optics, National Research Council, Sesto Fiorentino, Italy (c)
Department of Physics and Astronomy, University of Florence, Italy (d) International Center
for Computational Neurophotonics (ICON Foundation), Sesto Fiorentino, Italy

One of the unique features of the brain is that its activity cannot be framed in a single
spatio-temporal scale, but rather spans many orders of magnitude both in space and time. A
single imaging technique can reveal only a small part of this complex machinery. To obtain a
more comprehensive view of brain functionality, complementary approaches should be
combined into a correlative framework. Here, we describe a method to integrate data from
in vivo two-photon fluorescence imaging and ex vivo light sheet microscopy, taking
advantage of blood vessels as reference chart [1]. We show how the apical dendritic arbor of
a single cortical pyramidal neuron imaged in living thyl-GFP-M mice can be found in the
large-scale brain reconstruction obtained with light sheet microscopy. Starting from the
apical portion, the whole pyramidal neuron can then be segmented. The correlative
approach presented here allows contextualizing within a three-dimensional anatomic
framework the neurons whose dynamics have been observed with high detail in vivo.

This work was funded by LASERLAB-EUROPE (grant agreements n° 228334 and 284464, EC's
Seventh Framework Programme) and by the Italian Ministry for Education, University and
Research in the framework of the Flagship Project NANOMAX, by the Italian Ministry of
Health in the framework of the 'Stem Cells Call for proposals'.

References:
1. L. Silvestri et al. Correlative two-photon and light sheet microscopy, in press
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Extended two-photon microscopy in live samples with
Bessel beams: steadier focus, faster volume scans and
simpler stereoscopic imaging

Gabrielle Thériault?, Annie Castonguay', Nathalie McCarthy® and Yves De

Koninck™?
(1) Centre de recherche de I'Institut universitaire en santé mentale de Québec, Québec,
Canada (2) Centre d’optique, photonique et laser (COPL), Université Laval, Québec, Canada

Since its invention in 1990, two-photon microscopy has become an essential tool for life
sciences. It can reveal structures deep inside tissue and enables mapping and tracking of
dynamics in networks of cells. However, the intrinsic optical sectioning of two-photon
microscopy limits the focal volume to a very thin section, which creates problems when the
sample moves, and makes scanning large volumes a great challenge.

To overcome this drawback while maintaining a good transverse resolution throughout
the sample, it is possible to extend the system depth of field by generating a non-diffracting
beam at the sample. We recently showed that adding an axicon (conical lens) in the laser
path of a standard two-photon microscope increases its depth of field by shaping the laser
beam as a needle of light (Bessel beam) instead of a spot [1]. This system offers the ability to
control the depth of field of excitation without compromising on transverse resolution, and
can easily be integrated into most commercial two-photon systems.

In this presentation, we will detail how a standard 2P microscope can be transformed into
an extended-depth-of-field two-photon microscope. Then, we will highlight three significant
benefits of this technique using biological samples commonly employed in the field of
neurosciences. First, calcium imaging in a sample of cultured cells shows that a more stable
focus is achieved. Second, 3D population dynamics in an acute slice of mouse cortex shows
that faster volumetric scans can be conducted. Third, neurons and their dendrites in a fixed
sample of mouse cortex are viewed stereoscopically with only two automated scans instead
of the complete stack and calculations required by standard system.

In conclusion, we believe that due to the flexibility, simplicity and accessibility of the
extended-depth-of-field method, combined with all the benefits it provides (steadier focus,
faster volume scans and simpler stereography), this technology represents a strong asset for
the field of microscopy and life sciences in general.

[1] G. Thériault et al., Opt. Express 21, 10095-10104 (2013).
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A  photochemical approach to peptidergic
neuromodulation

Matthew R. Banghart', Shay Q. Neufeld', John T. Williams?, Graham Ellis-
Davies?, Bernardo L. Sabatini’

'Howard Hughes Medical Institute, Department of Neurobiology, Harvard Medical School,
Boston, MA, USA

2Vollum Institute, Oregon Health-Sciences University, Portland, OR, USA

3Department of Neuroscience, Mount Sinai School of Medicine, New York, NY, USA

Neuropeptides are ubiquitous in the nervous system. The mammalian striatum, in particular,
is rich in the opioid neuropeptides enkephalin and dynorphin as well as the tachykinin
Substance P. Despite their abundance, little is known about their role in modulating striatal
activity. The inability to deliver these relatively large and hydrophobic molecules with
precision in brain tissue has limited quantitation of their actions and precluded studies into
the kinetics of peptidergic transmission.

The use of photoactivatable or ‘caged’ signaling molecules is widespread in neuroscience
due to the spatiotemporal precision afforded by light. To facilitate our studies into
peptidergic transmission in the striatum, we have developed caged opioid, tachykinin and
cholecystokinin neuropeptides and a caged analog of the opioid antagonist naloxone. The
structural and pharmacological complexities of peptide transmitters pose unique challenges
to rendering them light-sensitive. Therefore, various caging strategies were explored and a
general approach to caging C-terminally amidated peptides was developed.

Photochemical release of opioid peptides during electrophysiological experiments from
striatal brain slices revealed two temporal domains of opioid signaling that are specific to
distinct targets within the striatal microcircuit. Furthermore, we have successfully integrated
optogenetic tools with our photochemical reagents using dual-color one-photon excitation
to genetically identify peptide-sensitive synapses in the striatum. Finally, we have
established a new caging group that opens the door to orthogonal uncaging of two
molecules independently using dual color one-photon and two-photon excitation.

53



rd
3 International Symposium
FRONTIERS IN NEUROPHOTONICS

Fast 3D imaging of neural network and dendritic
activity during brain oscillations in near-cubic-
millimeter volume up to sub-ms temporal resolution

B Chiovini'?, G F Turi', G Katona', A Kaszas™?, D Palfi"*, P Maak?, G Szalay', M
Forian Szabo** G Szabd*, Z Szadai', S K&li** and Baldzs Rézsa'”
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The understanding of brain oscillations and related neuronal computation requires novel
methods that read out neural activity on different spatial and temporal scales. Recording the
concerted activity of hundreds of neurons and following signal propagation and integration
across a single neuron pose distinct challenges which should be addressed simultaneously in
the same measurement. We have developed a high-resolution (PSF diameter in the center:
390 nm), fast (up to ~55 microsecond temporal resolution), acousto-optic two-photon
microscope with continuous 3D trajectory and random-access scanning modes that reaches
near-cubic-millimeter scan range (over 1,100 x 1,100 x 2,000 ums) and can be adapted to
imaging different spatial scales simultaneously’. The resolution of the system allows
simultaneous functional measurements in many fine neuronal processes, even in dendritic
spines within a central core (~290 x 290 x 200 pm®) of the total scanned volume.
Furthermore, the PSF size remained sufficiently low to target individual neuronal somata in
the whole scanning volume for simultaneous measurement of activity from hundreds of
cells. With respect to the number of measurement locations on neuronal processes and cell
bodies, we demonstrated fast 3D measurement of activity from 87 fine dendritic segments
and over 700 cells in a 500 x 500 x 500 um3 volume in vivo; however, the number of
locations is not limited by the method. Three-dimensional interactive visualization
accelerates selection of regions of interest before fast 3D measurement.

Sharp-wave and the associated ripple activity (SPW-R) in CAl region of hippocampus is
thought to be generated by a neuronal orchestra of alternately firing interneurons and
pyramidal cells® but the exact origin and underlying cellular mechanism remained elusive.
Fast-spiking, parvalbumin-expressing interneurons are thought to provide fast integration to
these oscillatory circuits by suppressing regenerative activity in their dendrites®. Here, in our
combined 3D imaging, whole cell patch-clamp and local field potential measurements we
challenge this classical view by demonstrating that the dendrites of FS-PV-INs can generate
propagating Ca®" spikes during SPW-Rs. Furthermore, using a novel, ~7-fold more effective
caged glutamate we were able to reproduce SPW-R-associated dendritic spikes and also

54



frontiersneurophotonics.org

characterized the voltage-gated channels required for the initiation and propagation of the
spike.
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Optogenetic reporters for all-optical neurophysiology

Robert E. Campbell
Department of Chemistry, University of Alberta, Edmonton, AB, Canada

The Campbell research group is focused on the use of protein engineering for the
development of improved fluorescent proteins and fluorescent protein-based optogenetic
reporters. The key to much of this work is establishing 'directed evolution' systems that
enable the screening of many thousands of variants to identify the select few with improved
photophysical properties. Over the last decade, this approach has proven to be both
effective and versatile and has led to the development of a variety of new genetically
encoded fluorescent probes.

Indeed, by exploiting iterative cycles of fluorescence image-based screening, combined with
genetic, optical, or chemical manipulations of bacterial colonies, the Campbell group has
developed a growing selection of fluorescent protein-based tools with improved brightness,
photostability, and biosensing or photoconversion properties. In this seminar | will present
some of our most recent efforts to engineer an improved generation of optogenetic
reporters. Specifically, | will discuss the creation of new red fluorescent voltage indicators
for neuroscience research and provide an update on the expanding palette of Ca2+
indicators our lab has been developing.
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Nanoscale spine neck plasticity regulates
compartmentalization of synapses

Jan Tgnnesen™ and U. Valentin Nagerl™*

YInterdisciplinary Institute for Neuroscience (IINS), Université Bordeaux Segalen, France
2UMR 5297, Centre National de la Recherche Scientifique (CNRS), Bordeaux, France

Dendritic spines are the postsynaptic component of excitatory synapses, serving as tunable
computational units of the brain. As bulbous protrusions extending from the dendrite, spines
are well suited for compartmentalized signalling, which is thought critical for the function
and regulation of synapses.

As spines cannot be faithfully resolved by conventional light microscopy, their nanoscale
morphology, in particular the spine neck, is poorly characterized in living tissue. However,
spine necks are likely to be critical for synapse compartmentalization and their structural
plasticity may be an important correlate of functional changes at synapses.

We use a novel combination of time-lapse STED imaging, FRAP measurements, 2-photon
glutamate uncaging and electrophysiology to investigate the dynamic relationship between
morphology and compartmentalization of live spines of CA1 neurons in mouse organotypic
brain slices.

The superresolution approach enables striking observations about spine morphology and
identifies the spine neck as the key structural determinant of synapse compartmentalization.
We demonstrate that LTP induction leads not only to head volume increases, but also to
shorter and wider spine necks. Our findings indicate that biochemical and electrical
compartmentalization can be regulated independently in single spines, which may boost the
functional diversity of spine synapses.
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Fast 3D microscopy with tunable lenses: From
microscope design to example applications
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When studying fast physiological processes in vivo, microscopy methods are desirable that
allow rapid image acquisition not just in 2D but can sample entire volumes at rates faster
than the dynamics of the signal of interest. Example applications are calcium imaging of
neuronal populations in a living mouse brain or research on the dynamics of the
cardiovascular system in zebrafish. Classical methods to acquire 3D data in the form of “z-
stacks” involve moving either the sample or the microscope objective and are limited to
acquisition rates of about 10 Hz by the mechanical inertia of the moving parts. A
straightforward way to speed up data acquisition in 3D is the use of a tunable optical
element for focusing. Over the past years, we combined remote focusing with electrically
tunable lenses (ETLs) with both two-photon and light-sheet microscopes. When designing
such a microscope the balance of aberrations, focusing range, and volume acquisition rate
requires special consideration. The size of the imaging volume with good optical quality
strongly depends on the numerical aperture (NA) and the wavelength range requirements.
In the case of light-sheet microscopy, we were able to build a microscope capable of imaging
17 planes within a beating zebrafish heart at 510 frames per second, equivalent to 30
volume scans per second. Apart from pure 3D data collection, we also demonstrated that
tunable lenses are useful for online motion correction during two-photon experiments in
awake, behaving mice. Overall, ETLs are easy to integrate into various microscope designs
and they allow the extension of volume acquisition rates of many 2D microscopy techniques
up to 50-100 Hz.
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Neural circuits underlying operant learning in larval
zebrafish

Drew Robson, Jennifer Li, Alex Schier and Florian Engert
MCB, Harvard University

During operant conditioning, animals learn to respond to stimuli with actions that lead to
favorable outcomes. Recordings in mammals have uncovered neural signals that link
stimulus, action, and outcome, but a limited number of recording sites have hindered the
comprehensive discovery of learning signals. Here, we use brain-wide functional imaging in
larval zebrafish to screen more than 100,000 neurons while animals learn to terminate a
heat stimulus with a directional tail movement. We identify neurons comprising two major
classes: class 1 consists of action-selective neurons that encode the direction of heat-evoked
tail movements seconds before and after their execution. Class 2 consists of neurons that
encode outcome prediction and prediction error. This class includes both positive relief
prediction signals that are enhanced by learning, and negative relief prediction signals that
are suppressed by learning. These positive and negative relief prediction signals not only
have opposing patterns of activity but are also found on opposing sides of the habenula.
Strikingly, both outcome-predictive and action-selective signals are correlated with natural
variability in learning performance across animals. This study provides the first
comprehensive survey of the neural dynamics during learning, suggests that lateralized
neuronal activity contributes to operant conditioning, and raises novel hypotheses about the
roles of action-selective and outcome-prediction neurons.
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An anterograde rabies virus vector for high-resolution
large-scale reconstruction of 3D neuron morphology
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Structure and function of the brain are inevitably cross-linked and knowledge of the fine-
scale morphology and anatomical wiring of neurons give insights into neural circuit function
in the healthy brain and defects in brain disorders.

Successful neuronal reconstruction requires bright labeling of all neuronal structures
(dendrites, spines, axons, boutons) along the entire processes (long-ranging axons) and
permit sparse labeling or visualization by super-resolution microscopy to be able to
distinguish individual processes in the densely packed neuropil. Here we report a novel,
pseudotyped anterograde rabies virus that drives high-level protein expression in bulk or
sparse populations of neurons upon infection of their somata, revealing fine-morphological
details within days of infection. Even individual neurons can be targeted in vivo aiding
unambiguous high-resolution and gross-scale tracing and quantification of their entire
axonal arbor in 3D. The novel viral vector complements the existing toolbox for dissecting
the structure and function of neuronal circuits.
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Relationship between L2/3 recurrent connectivity and

detailed receptive field parameters in mouse visual
cortex

L. Cossell, M. F. lacaruso, D. Muir, S. Hofer, T. D. Mrsic-Flogel
Biozentrum, University of Basel, Switzerland

The connectivity in neocortical microcircuits is highly structured, and synaptically connected
neurons appear to process similar types of information. In L2/3 of mouse visual cortex, the
connection probability between nearby (<50um) superficial pyramidal cells (PCs) is higher
with similar responses to visual stimuli. Importantly, connectivity is better predicted by
similarity of responses to natural movies than to oriented gratings, suggesting that recurrent
connectivity mirrors similarities in the as yet uncharacterized ways by which neurons
respond to complex spatiotemporal inputs. To address this question, it is important to relate
the detailed structure and properties of receptive fields (RFs) to this specific circuit
organisation.

Here we used in vivo two photon calcium imaging to map spatial receptive fields of PCs in
L2/3 of mouse visual cortex, and examined their connectivity by multiple whole-cell
recordings in vitro. RFs were mapped by presenting sequences of natural images and
performing a regularized reverse correlation. Image stacks of cells taken in vivo and in vitro
were registered during the experiment, allowing selective targeting of neurons with
significant linear RFs to assess their connectivity. We found a highly specific relationship
between connectivity and RF fine-structure; neurons with most similar RF properties,
including position in visual space, orientation, and phase and overlap of ON/OFF
subdomains, were most frequently connected with strong synaptic connections. Therefore,
subsets of L2/3 pyramidal neurons are linked into strongly connected recurrent subnetworks
that selectively amplify information about similar features in visual scenes.
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Leica Gated STED and 3D SR-GSD

Stephane Gueguen
Leica Microsystems

Developing the Next STED Generation, Professor Stefan Hell (Director at the Max Planck
Institute for Biophysical Chemistry) has taken his idea of STED microscopy a momentous step
further with gated STED. The new technology significantly improves the resolution and
contrast previously attained with CW-STED microscopy while distinctly reducing laser
intensity This enhances photostability as well as live cell capability.

The new Leica TCS SP8 STED realizes STED microscopy in the green/yellow range of the
spectrum and enables researchers to use conventional dyes such as Alexa 488 FITC and
Oregon Green, and established fluorescent proteins such as eGFP and eYFP.

The Leica HYD detectors and the White Light Laser are perfect partners in the innovative
gated STED option. Resolution and contrast are increased whilst laser power is decreased.
This enhances photo-stability and means a major step forward in super-resolution for live
cell imaging. Sub 50 nm lateral resolution is specified.

The new Leica SR GSD 3D system for single molecule: Ground State Depletion widefield
Microscopy. Using ground state depletion technology GSDIM, it is possible to control the
emission of fluorochromes and localize the position of single molecules down to a precision
of 20nm in XY and 70nm in Z. This makes it possible to reconstruct fluorescent images in 3D
with a resolution far beyond the diffraction limit. True-to-detail imaging of the spatial
arrangement of proteins and other biomolecules in cells and observing molecular structures:
GSDIM makes this possible for researchers due to resolutions beyond the diffraction limit.
The more insight science gains into these basic processes of life the better it can find the
causes of previously incurable diseases and develop suitable therapies. One strength of
GSDIM/dASTORM is that it uses conventional fluorescence markers Alexa Atto and
rhodamine-dyes to image proteins or other biomolecules within the cells with sharpness
down to a 20 nanometers. With GSDIM the fluorescent molecules in the specimen are
almost completely switched off using laser light However, individual molecules
spontaneously return to the fluorescent state while their neighbors remain non-illuminating.
This way the signals of individual molecules can be acquired sequentially using a highly
sensitive camera system and their spatial position in the specimen can be measured and
stored. Then an extremely high-resolution image can be created from the position of many
thousands of molecules. With a newly implemented astigmatism approach now the
localization of molecules can also be done with a high accuracy in Z
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Scientifica: electrophysiology and multiphoton
systems

Dale Elgar
Scientifica

Scientifica specialises in innovative, quality products for electrophysiology and imaging.
Explore the posibilities of multiphoton imaging with Scientifica’s multiphoton manager Dale
Elgar. Dale will lead a talk focusing on hints and tips for setting up an electrophysiology
multiphoton imaging system. This will include buying considerations and ensuring the
system is suited to any short and long-term research needs.

Participants will gain insight into the components of multiphoton systems, how to combine
2P with patch-clamping and picking the optimal components to suit their research. See
Scientifica’s cost-effective galvo and resonant Multiphoton Imaging Systems. Built around
the unique, upright, fixed stage, SliceScope microscope; offering a modular, open design that
can be adapted to suit long-term research needs.

Multiphoton imaging has become an increasingly popular technique within the biological
sciences, providing exceptional imaging of live cells in thick, light-scattering samples. It is a
non-linear form of fluorescence microscopy, which uses pulsed long wavelength light to
excite dyes within a sample in order that three-dimensional images can be formed. It offers
notable advantages over traditional fluorescence imaging and confocal techniques, providing
high resolution, rapidly acquired images of deep lying structures. Discuss the advantages of
multiphoton and Scientifica’s innovative products, developed in collaboration with leading,
worldwide researchers.

In addition, explore Scientifica’s electrophysiology range featuring ultra-stable, electrically
silent and ergonomically designed industry leading products. Easily combine in vivo or in
vitro electrophysiology with sophisticated imaging and optogenetic experiments.
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Andor Mosaic: the perfect tool for optogenetics
studies

Bruno Combettes
Andor Technology

Light has been used for decades to photostimulate in neuroscience. Since the early days of
laser stimulation of Aplysia neurons researchers have sought improved methods for
stimulating cells and molecular pathways. In the early 2000’s a variety of labs (Zemelman et
al. 2002; Boyden et al. 2005) working independently published methods that have since
changed the way we interact with and selectively perturb individual neurons and networks
of cells. Through genetic and transgenic approaches, light sensitive probes are very precisely
targeted to specific cells or intracellular compartments (optogenetics). With better
specificity and targeting of probes, to fully appreciate the utility of optogenetics one must
have precise control of the light stimulation in space and time. Multiple techniques exist for
light patterning, including galvanometer based steered light systems (Andor FRAPPA) as well
as digital micromirror device (DMD) systems. Andor technology is high committed to both
systems for optogenetics, with strong emphasis on the DMD based approach (Andor Mosaic
3). Here | will discuss the implementation of a DMD based optogenetics system and its use
with traditional electrophysiology as well as optophysiology. Emphasis will be placed on
hardware considerations for optogenetics and implementation of a fully integrated
optogenetics system with existing imaging and electrophysiology.
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Fast two-photon imaging with up to three-
dimensional random access scanning in large tissue
volumes

Gergely Katona, Gergely Szalay
Femtonics

In this workshop we will discuss the capabilities and future prospects of the Femto2D and
Femto3D two-photon microscope families by Femtonics Ltd, which is one of the most
dynamically expanding manufacturers of two-photon microscopes. Femtonics multiphoton
laser scanning microscopes allow fluorescence imaging of hundreds of microns deep within
in vitro or in vivo specimens. Femto2D microscopes are designed to meet the researchers’
needs for the cutting edge high speed physiology and neurobiology measurements. These
microscopes can be extended to the newest research technologies, such as two-photon
photostimulation able to perform Channelrhodopsin or caged glutamate activation.
Furthermore the microscopes are equipped with the highest sensitivity and specially filtered
detectors to attain unprecedented photon collection efficiency, the key to achieve highest
penetration depth and low phototoxicity, even when imaging vulnerable axonal boutons.

We will show capabilities of our finest control over the galvanometric mirrors allowing high
speed frame, scanning folded-frame, scanning multiple-line and point scanning. Besides,
Femto2D microscopes can do mapping experiments, automated measurements, travelling
salesman, path optimization and performing various other stimulation scenarios. Femtonics
has been a market leader in offering the first time equipment for fast 3D measurements.
Our Femto3D-AO two-photon microscopes offer high speed three dimensional random
access point scanning functionality. Using this feature, simultaneous sampling of activity of
hundreds of neurons in 3D or extreme high speed sampling of activity on tortuous neuronal
processes becomes feasible, both long awaited by studying physiology of the nervous
system.
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Latest advances in adaptive optics for microscopy

Audrius Jasaitis
Imagine Optic

The determination of 3-dimensional arrangement of biological structures has become a
necessary requirement in fluorescence microscopy. Unfortunately, typical fluorescence
microscopes are optimized to get the best resolution on the surface of the cover slip, which
is not the main region of interest for most of biological studies. The refractive index
mismatch, the optical components of the imaging setup and the sample itself significantly
reduce the Z resolution, especially when imaging deeper into the sample.

By introducing an adaptive element into the imaging setup it is possible to improve the
resolution of the microscope in all three dimensions and reach the optimal imaging quality.
The application of adaptive optics in different types of microscopy has different advantages.
In this presentation we will summarize the latest advantages of using adaptive optics in
microscopy for Spinning Disc, Confocal, Non linear and also PALM/STORM 3D super
resolution microscopy.
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The new Olympus high-speed, high-precision deep-
imaging multiphoton system FVMPE-RS

Mickael Lefebvre
Olympus

The new Olympus FluoView’ FVMPE-RS, a dedicated multiphoton microscope system,
enables high-precision and ultra-fast scanning as well as stimulation. It allows researchers to
image deep within specimens, take measurements at highest speeds, and capture images,
even when working under the most demanding conditions.

With its high speed and precision performance, the FVMPE-RS is designed for
electrophysiology and optogenetics studies. The new system is a good match for applications
such as high-speed calcium and in vivo imaging, peristalsis and blood flow studies, mosaic
imaging, connectomics and functional brain imaging, stem cell research, and any field that
requires precise colocalisation, uncaging, simultaneous imaging/stimulation, extensive real-
time signal processing, or multipoint mapping.

The precision timing on the FVMPE-RS allows for microsecond repeatability and control
of multiple imaging and stimulation protocols. The system offers unmatched speed,
capturing 438 frames per second (fps) at 512x32, the fastest rate commercially available. It
also captures full-frame, 512x512 images at 30fps without any reduction of the field of view,
a critical feature for many functional imaging studies. Its scanner unit combines a newly
designed resonance scanner with a galvanometer scanner to combine speed with excellent
definition. An optional third galvanometer scanner (SIM Scanner) is available for imaging
with simultaneous 3D stimulation or uncaging.

In addition to speed, the FVMPE-RS provides multicolor, multiphoton excitation and
imaging with a choice of lasers up to 1300nm (INSIGHT laser), along with an industry-first
four-axis auto-alignment capability for precise colocalization and coalignment without pixel
shift. With its multiple-laser-line performance, researchers can work with two IR laser lines
simultaneously while stimulating the sample with visible light.

The high-sensitivity system and the improved series of Olympus 25x multiphoton
objectives offer high throughput at wavelengths as long as 1600nm. The high-performance
25x multiphoton objectives with working distances of 2, 4 or 8mm deliver super-deep
imaging. In Deep Focus Mode, researchers can precisely tune laser beams to increase
penetration depth in highly-scattering tissue. An optional high-sensitivity cooled Gallium-
Arsenide-Phosphide (GaAsP) detector unit further enhances sensitivity while minimizing
electrical noise, making the most out of the system’s high-speed capabilities.
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Digital holography for photostimulation

Karl Kilborn, Ben Atkinson
Intelligent Imaging Innovations

Many light microscopic studies of protein transport, cellular motility, neuroanatomy and
electrophysiology benefit from recent advances in techniques that use light to modify either
the fluorescent labeling or the underlying behavior of cells. Genetically-encoded fluorescent
labels exist that can be selectively turned on, turned off or shifted in color. Exogenous light-
sensitive receptors such as channelrhodopsin and halorhodopsin can be expressed in
neurons to induce excitation or inhibition. These techniques require highly spatially resolved
and temporally precise delivery of light Phase-only spatial light modulators (SLMs) coupled
with algorithms to produce holograms are a promising means for such photomanipulation.
Digital holography allows a significant portion of the total light available to be redirected to
the specific regions selected for activation, de-activation, conversion or stimulation. Further
these areas tend to be more compact in the z dimension than other means of projecting
shapes of similar size. Multiple areas can be optogenetic analysis of neural circuits of
illuminated simultaneously, which is particularly critical for some physiological studies.
Finally it is possible to illuminate points at different z positions without having to refocus any
optics or move the specimen. Digital holography can complement many modes of imaging
including widefield confocal and multiphoton. Here we present Phasor, a compact modular
SLM-based unit seamlessly integrated into 3is imaging systems for fast simultaneous 3D
photomanipulation.
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Publishing in Nature Methods and other Nature titles

Erika Pastrana
Nature Methods Nature Publishing Group

I will give a short talk describing the editorial process at Nature Publishing Group and
provide advice and guidelines for researchers interested in publishing in the Nature family
with a special focus on Nature Methods.
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In vivo reactive plasticity after single neuron axotomy
in cerebellar cortex relies on the growth-associated
protein GAP-43

A.L. Allegra Mascaro’, P. Cesare*?, L. Sacconi™*, G. Grasselli?, G. Mandolesi?, B. Maco’, G. W.
KnottS, P. Strata2'3, F.S. Pavone™’

(1) LENS, Univ. of Florence, Sesto Fiorentino, Italy; (2) Santa Lucia Fndn. (IRCCS), Rome, Italy;
(3) Natl. Inst. of Neuroscience-Italy, Univ. of Turin, Turin, Italy; (4) Natl. Inst. of Optics, Natl.
Res. Council (INO-CNR), Florence, Italy; (5) Ctr. Interdisciplinaire de Microscopie
Electronique, Ecole Polytechnique Federale de Lausanne, Lausanne, Switzerland; (6) Dept. of
Physics, Univ. of Florence, Sesto Fiorentino, Italy

The repairing potential of the central nervous system in response to injury is highly variable
depending on the neuronal population and the molecular pathways involved. Cerebellar
climbing fibers (CFs) are able to undergo structural remodeling during adulthood, but no
time-lapse description of their dynamics following injury has been reported yet. Here we
dissected single axonal branches by pulsed laser irradiation to investigate the reparative
properties of these axons in the adult central nervous system in vivo. We characterized the
degeneration and sprouting of new branches in the days that follow laser dissection of a
single axonal branch. By combining two-photon fluorescence microscopy with focused ion
beam electron microscopy we show that single axonal branches can be dissected avoiding
collateral damage to the dendrite and the formation of a persistent glial scar. Despite the
very small denervated area, the injured axons consistently reshape the connectivity with
surrounding neurons.

The remodeling potential of mature CFs is due to their basal expression of several growth-
associated proteins, like the growth-associated protein-43 (GAP-43). Our results show that
the plasticity of CFs, both in terms of remodeling of the main arbor and of turnover of
varicosities, is severely modified in a GAP-43 silenced model. The great potential of long-
term two-photon imaging, coupled to genetic manipulation, opens great opportunities to
further investigate the dynamic properties of neurons and their rearrangement following
injury in the CNS of adult mice.
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Monitoring basal Ca** levels in astrocytes using
Fluorescence Lifetime Imaging Microscopy (FLIM)

Lucie Bardl, Kaiyu Zhengl, Isabel N. Christiez, Alexander V. Gourinez, Dmitri A.

Rusakov’
(1) Institute of Neurology- University College London- United Kingdom
(2) Neuroscience Physiology and Pharmacology Department- UCL- United Kingdom

Astrocytes are the most abundant subtype of glial cells in the central nervous system. These
star-shaped cells display an extensive and highly ramified arborisation which enwraps
synapses and blood vessels. Beside their role in supplying structural and metabolic support
for neuronal cells, they have been shown over the past decades to engage in bidirectional
communication with neurons. Indeed, astrocytes express a wide variety of receptors and
respond to neuronal activity by what appears to be intracellular Ca** elevations. On the
other hand, astroglia are able to release a variety of gliotransmitters in a Ca**-dependent
manner that may affect synaptic transmission. Thus, although these cells are electrically
non-excitable they display regenerative signalling properties based on intracellular ca®
fluctuations. Ca®* signalling investigation in astrocytes is usually achieved by fluorescence
imaging with Ca**-sensitive indicators. However, measures based on the Ca®" indicator
fluorescence intensity in small cellular processes are sensitive to focus drift, to the cytosol
volume and to fluctuations of Ca®" indicator concentration. The promising alternative lies in
Fluorescence Lifetime Imaging Microscopy (FLIM), a time-resolved image acquisition
method. For some Ca* dyes, such as Oregon Green Bapta (OGB)-1 and OGB-2, the
fluorescence lifetime is sensitive to Ca’* binding, the lifetime increasing with the
concentration of Ca’". Importantly, fluorescence lifetimes are insensitive to the factors
affecting intensity: variation in excitation source intensity, in fluorophore concentration and
photobleaching. Here we used two-photon time-correlated single photon counting (TCSPC)
FLIM to quantify basal Ca** levels in astrocytes in situ and in vivo. In hippocampal slices, CA1
stratum radiatum astrocytes were filled with OGB-1 or OGB-2 (200 uM) and the lifetime was
measured in the soma, large branches and fine processes of the patched astrocyte and the
gap junction-coupled cells (GJCs). Astrocytes displayed a higher basal Ca2+ concentration
than CA1l pyramidal cells. We found that resting Ca’* concentration in the soma and main
branches of the patched cell (200-450 nM) was higher than that of the GJCs (50-200nM).
This high resting Ca®* in the patched cell soma probably reflects cell dialysis through the
pipette. Interestingly, the basal Ca** level in fine processes was lower and quite
heterogeneous suggesting that the endogenous Ca®" buffering mechanisms are relatively
preserved in these compartments. This heterogeneity could reflect the presence of Ca®*
nanodomains within the astrocytic arbour. An uneven landscape of free intracellular ca*
could potentially be an important factor in considering how Ca®*-dependent signalling is
generated inside astrocytes.
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The study of AMPAR-mediated currents in stargazer
cerebellar stellate cells shines new light on TARP-
dependent AMPAR trafficking

Cecile Bats, David Soto, Dorota Studniarczyk, Mark Farrant, Stuart G Cull-Candy

University College London- United Kingdom

The role of transmembrane AMPAR regulatory proteins (TARPs y-2, -3, -4, -5, -7 and -8) as
AMPAR auxiliary subunits was initially discovered in stargazer mutant mice, where the
absence of stargazin (y-2) is associated with an abnormal motor behavior and a lack of
surface AMPARs in cerebellar granule cells. It was later suggested that TARPs are an essential
component of all native AMPARs.

It is currently thought that association with Type | TARPs (y-2 -3, -4 and -8), but not Type Il
TARPs (y-5 and -7), is required for the surface delivery and synaptic clustering of AMPARs.
Here we present data obtained from patch-clamp recording of currents mediated by
synaptic and extrasynaptic AMPARs in stargazer cerebellar stellate cells that challenge this
view.
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Local assessment of myelin health in a multiple

sclerosis mouse model using a 2D Fourier transform
approach

123 123 Sophie Laffray,”” Benoit Aubé,*** Emilie

Steve Bégin, Erik Bélanger,

Chamma,™® Jonathan Bélisle," Steve Lacroix,*> Yves De Koninck,“® and Daniel

A, 21,23
Cote

1 Centre de recherche de |'Institut universitaire en santé mentale de Québec (CRIUSMQ),
Université Laval, Québec, Canada

2 Département de physique, génie physique et optique, Université Laval, Québec, Canada

3 Centre d'optique, photonique et laser (COPL), Université Laval, Québec, Canada

4 Centre de recherche du CHU de Québec-CHUL, Université Laval, Québec, Canada

5 Département de médecine moléculaire, Université Laval, Québec, Canada

6 Département de psychiatrie et de neurosciences, Université Laval, Québec, Canada

We present an automated two-dimensional Fourier transform (2D-FT) approach to analyze
the local organization of myelinated axons in the spinal cord. Coherent anti-Stokes Raman
scattering (CARS) microscopy was used to observe lesions in a commonly used animal model
of multiple sclerosis (MS), experimental autoimmune encephalomyelitis (EAE). A 2D-FT was
applied on the CARS images to find the average orientation and directional anisotropy of the
fibers within contiguous image domains. We introduce the corrected correlation parameter
(CCP), a measure of the correlation between orientations of adjacent domains. We show
that in the EAE animal model of MS, the CCP can be used to quantify the degree of
organization/disorganization in the myelin structure. This analysis was applied to a large
image dataset from animals at different clinical scores and we show that some descriptors of
the CCP probability density function are strongly correlated with the clinical scores. This
procedure, compatible with live animal imaging, has been developed to perform local {\it in
situ} evaluation of myelinated axons afflicted by EAE.
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Two-Photon Excitation STED Microscopy in Two Colors
in Acute Brain Slices

Philipp Bethge '*, Ronan Chereau *?, Elena Avignone *?, Giovanni Marsicano >,
U. Valentin Nagerl *2

1 Interdisciplinary Institute for Neuroscience, Universite de Bordeaux, Bordeaux, France
2 UMR 5297, Centre National de la Recherche Scientifique, Bordeaux, France
3 Universite de Bordeaux, INSERM U862 NeuroCentre Magendie, Bordeaux, France

Many cellular structures and organelles are too small to be properly resolved by
conventional light microscopy. This is particularly true for dendritic spines and glial
processes, which are very small, dynamic and embedded in dense tissue, making it difficult
to image them under realistic experimental conditions.

Two-photon microscopy is currently the method of choice for imaging in thick living tissue
preparations, including acute brain slices and in vivo. However, the spatial resolution of a
two-photon microscope, which is limited to about 350 nm by the diffraction of light, is not
sufficient for resolving many important details of neural morphology, such as the width of
spine necks or thin glial processes.

Recently developed superresolution approaches, such as STED microscopy, have set new
standards of optical resolution in imaging living tissue. However, the important goal of
superresolution imaging with significant sub-diffraction resolution has not yet been
accomplished in acute brain slices.

To overcome this limitation, we have developed a new microscope based on two-photon
excitation and pulsed STED microscopy, which provides unprecedented spatial resolution
and excellent experimental access in acute brain slices using a long-working distance
objective. The new microscope improves on the spatial resolution of a regular two-photon
microscope by a factor of four to six, and it is compatible with time-lapse and simultaneous
two-color superresolution imaging in living cells.

We demonstrate the potential of this new approach for brain slice physiology by imaging the

morphology of dendritic spines and microglia cells well below the surface of acute brain
slices.
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CONTROLLING DENDRITIC EXCITBILITY WITH LIGHT

Audrey Bonnan', Yu Zhangl, Richard Kramer?, Andreas Frick®

'Neurocentre Magendie, INSERM U862, Université Bordeaux 2, France
2University of California Berkeley, San Francisco, CA, USA

Over the past 20 years it has become clear that dendrites have active properties due to the
expression of just about all known types of voltage-gated ion channels in their membrane.
These active properties enable the dendrites to perform local computations such as the
generation of spikes and they are required for certain forms of synaptic and non-synaptic
plasticity. Any change in these voltage-gated ion channels will thus alter information
processing and storage capabilities of dendrites, neurons and neuronal circuits.

Many questions, however, regarding the role of ion channels in the regulation of
dendritic/neuronal information processing, and in the induction/expression of various forms
of plasticity remain unanswered.

Recently, a small molecule photo-switch has been developed that bestows light
sensitivity to all voltage-gated ion channel types tested (Ca®*, K*, and Na* channels). This
compound, called QAQ, can be delivered into the cytoplasm through the recording pipette
and will bind to these ion channels. Since it is membrane impermeable it will affect only the
cell under investigation. At ~500 nm light QAQ blocks these ion channels (trans
configuration), and the blockade is removed at ~380 nm light (cis configuration). Control
experiments show that transmitter-gated channels such as NMDA and AMPA or GABA
receptors will not be affected by this method.

We have tested whether we can use this method to control dendritic excitability. We
have investigated this question in various neuron types of the neocortex, hippocampus and
cerebellum in acute rat brain slices.
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Quantitative analysis of dendritic integration in spiny
stellate cells

Emmanuelle Chaigneau, T Fernandez-Alfonso, P Gleeson and R. Angus Silver
University College London, Department of Neuroscience, United Kingdom

Regenerative events in the dendrites of layer 4 cells play key a role in the detection of
sensory features in the somatosensory cortex (Lavzin, Rapoport et al. Nature 490, 2012).
However, the manner in which these cells integrate different spatio-temporal patterns of
synaptic input on their dendritic trees is poorly understood. We have investigated how spiny
stellate cells in barrel cortex integrate synaptic input with 2-photon photolysis in acute
thalamocortical slices from P22-28 mice. We patch-loaded the cells with Alexa-594 and
visualized the dendritic tree with 2-photon imaging. Patterns of synaptic inputs onto the
dendritic tree were mimicked at high spatiotemporal resolution by photolysing MNI-
glutamate close to individual spines, while recording the membrane voltage through the
somatic patch pipette.

We first established the photolysis parameters that produced photolysis-evoked currents
(PEPSCs) that matched the amplitude of synaptic miniature EPSCs whatever the imaging
depth. This ensured that the level of activation of synaptic glutamate receptors with
photolysis was comparable to quantal synaptic inputs wherever they occurred on the
dendritic tree. We then examined how quasi-synchronous inputs were integrated in a single
main dendrite by comparing the photolysis evoked potentials (pEPSPs) evoked by the near
simultaneous activation of a group of spines to the arithmetic sum of the individual pEPSPs
on individual spines at distinct time points. Close to the resting potential (-77t5 mV; n=116
cells) the pEPSPs evoked by the near simultaneous activation of a cluster of spines equalled
the arithmetic sum of the individual pEPSPs (paired t-test p=0.93, n=26 dendrites). The size
of the individual pEPSPs was 0.331£0.22 mV (n=390 spines).

When increasing the number of quasi-synchronously photo-activated spines, the
relationship between the number of photo-activated spines and the pEPSPs became
sigmoidal. The action potential (AP) threshold was reached at -50%7 mV (n=27 cells). APs
were evoked when photo-stimulating 27411 spines (n=15 cells), less than half the number
expected to reach the AP threshold if dendritic integration was linear. In the presence of
dAP5 the sigmoidal shape of the relationship between spine number and pEPSP amplitude
disappeared but the size of the individual pEPSPs was also significantly reduced (by 37%;
n=4, p=0.02). To investigate further the role of NMDARs we created a spiny stellate cell
model using our experimental parameters. Our simulations suggest that at physiological
density, NMDARs are not sufficient to generate the sigmoidal relationship between synapse
number and pEPSP amplitude, but that the inclusion of calcium channels into the model
could reproduce our results. We are currently testing this hypothesis experimentally. .
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Super-resolution microscopy of cell surface molecules
labelled with small monomeric streptavidin ligands

Ingrid Chamma, Olivier Rossier, Grégory Giannone, David Perrais, Jean-Baptiste
Sibarital,2, Daniel Choquetl,2, Sheldon Park3,Mathieu Sainlos1,2,*, Olivier

Thouminel,2,*

1. Univ. Bordeaux, Interdisciplinary Institute for Neuroscience, UMR 5297, F-33000
Bordeaux, France

2. CNRS, Interdisciplinary Institute for Neuroscience, UMR 5297, F-33000 Bordeaux, France
3. Department of Chemical and Biological Engineering, University at Buffalo, New York
14260, USA

High resolution tracking of individual cell surface molecules is limited by several factors
including probe size, ligand multivalency, instability of antibody-mediated targeting, and
receptor functionality. Quantum dots are among the most utilized probe for single particle
tracking because of their remarkable fluorescent properties, but their size (20-30nm) can
impair trafficking of proteins and restrict their access to crowded cell-cell contacts such as
synapses. The second limitation is the multivalency of most ligands which can induce cross-
linking of labeled molecules, e.g. Quantum dots harbor 5-10 binding sites, streptavidin is
tetravalent, classical antibodies are divalent. Here, we develop a labeling method that
alleviates most these difficulties. To overcome the size and multivalency issues, we use
monomeric streptavidin (mStrav) to label membrane proteins. Unlike monovalent
streptavidin made from inactivating three monomers in a tetravalent streptavidin, mStrav is
a true monomer, thus four times smaller (12 kD, 3 nm), stable, and easy to produce. Purified
mStrav is conjugated to photo-robust organic fluorophores including Alexa647 and Atto647N
which fluorescent properties make them suitable tools for uPAINT, dSTORM or STED
microscopy. Fluorophore-coupled mStrav is then used as a probe to label cells co-
transfected with a membrane molecule of interest carrying a 15 amino acid extra-cellular
acceptor peptide (AP), and the biotin ligase ER that covalently adds biotin to the tag during
protein maturation. We used this strategy to perform uPAINT experiments on Neuroligin
proteins in mature hippocampal neurons. Our results show that Atto647N-mSTRAV binding
to AP-tagged Neuroligin is highly specific, improves mStrav access to synapses, avoids
protein cross-linking, and does not impair Neuroligin binding to Neurexin in hippocampal
neurons.
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Induction of LTP increases axon diameters and the
velocity of AP propagation
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Neurons are basic units of information processing in the brain. Their firing depends strongly
on the timing and integration of the presynaptic input, which is critical for spike-timing
dependent plasticity and network synchrony. While synaptic integration by dendrites and
the soma has been extensively studied, the contribution by presynaptic compartments, in
particular axons, is poorly understood. Traditionally viewed as steady transmission cables,
recent evidence indicates that axons powerfully modulate the propagation of action
potentials (AP) and synaptic transmission.

Because axons are too thin to be properly resolved by conventional light microscopy, very
little is known about their morphology in living brain tissue, let alone their structural
plasticity. Given that axon diameter is a basic biophysical determinant of AP conduction
velocity, it is tempting to speculate that axon morphology dynamically shapes axon function.
To address this hypothesis we used superresolution STED imaging of CA3 axons (Schaffer
collaterals) in living organotypic hippocampal brain slices together with electrophysiological
and computational approaches, permitting us to examine the effects of electrical stimulation
on axon morphology and AP propagation.

Nanoscale time lapse imaging revealed that live axons have a highly heterogeneous
structure, which is largely stable on a timescale of an hour during baseline conditions.
However, after induction of synaptic plasticity axons displayed bi-directional structural
changes in diameter: a persistent increase after LTP, but a transient reduction after LTD. The
structural changes after LTP occurred primarily on thinner segments all along the axons, and
were partially blocked by an NMDA receptor antagonist. LTP induction also led to a
significant increase in AP conduction velocity. Moreover, the functional changes could be
well predicted by computer simulations incorporating the nanoscale morphology derived
from the STED images.

Taken together, we report substantial activity-dependent changes in axon diameter that go
hand in hand with changes in AP conduction velocity. Our findings indicate that axons
dynamically tune AP propagation by changing their diameters, thereby alter the timing of
information transfer in neural circuits, suggesting a novel and powerful structural
mechanism for neural plasticity.

82



<

frontiersneurophotonics.org

MetaMorph super-resolution system expands existing
imaging capabilities

Karoly Csatorday
Molecular Devices, Downingtown (PA) USA

The resolution of wide-field optical microscopy is limited by the diffraction of light according
to the relationship discovered by Ernst Abbe. Object details smaller than 200 nm spatially
are not readily discernible by light microscopy, posing a limit to the technique for studying
many biological problems at a cellular level. However, recent imaging advances have
enabled 10-fold improvement in resolution and allow researchers to see into the world
beyond the diffraction limit. These advances involve capture of emission from a random
limited subset of fluorescent molecules and repeating the process thousands of times very
quickly to form the entire image. Common techniques like photo-activation localization
microscopy (PALM), direct stochastic optical reconstruction microscopy (dSTORM) and
ground state depletion (GSD) all depend on experimental procedures to induce only a
handful of molecules in the sample to fluoresce during a typical camera exposure time of
520 ms, while the rest are temporarily turned off. Subsequent exposures turn on a different
subset of fluorescent molecules and allow their coordinates to be calculated. The whole
sequence of such exposures constructs a super-resolution image from the coordinates of
individually localized fluorescent molecules.

The MetaMorph Super-Resolution System licensed from CNRS by Molecular Devices
provides a means to control experimental hardware, capture image sequences, perform
localization calculations and display the developing super-resolution image in real time. The
MetaMorph Super-Resolution System currently works with many commercially available
laser launches as well as TIRF optics and can be enabled on previously installed imaging
systems compatible with MetaMorph Software. Molecular Devices has partnered with key
hardware suppliers to facilitate a complete super resolution system tailored to customer
needs
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Role of the vesicular SNARE TI-VAMP in post-synaptic
receptors distribution and trafficking at hippocampal
synapse
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During development and plasticity, synaptic molecules are transported to the synapse via
vesicular and endosomal carriers. Fusion of these carriers with the synaptic zone, is
achieved by SNARE proteins. We previously studied the role of two vesicular SNARE on
presynaptic release of neurotransmitters and showed that Synaptobrevin 2 and TI-VAMP co-
exist in hippocampal mossy fibers presynaptic terminals (PNAS 2006). Whereas
Synaptobrevin mediates synchronous neurotransmitter release, we showed using the AP-3
mutant mice, that the lack of TI-VAMP in mossy fiber presynaptic terminal was correlated
with the loss of an asynchronous release and changes in spontaneous release, indicating that
Synaptobrevin and TI-VAMP provide different molecular mechanisms for release at
presynaptic sites.

Since, we have recently established knocked out mice for TI-VAMP (Danglot et al., J Neurosci,
2012) which are viable in contrast to Synaptobrevin KO. TI-VAMP Knockout mice display
decreased brain weight and increased ventricle volume as measured by MRI. Actually,
detailed behavioral characterization unraveled that TI-VAMP knockout was associated with
increased anxiety, which suggest a role for TI-VAMP in higher brain functions. We are now
planning to unravel the specificity of this two neuronal v-SNAREs at both pre and post-
synaptic sites. Indeed, these two SNAREs are also expressed in post-synaptic compartments
which constitute a place of intense trafficking. However, the membrane compartments and
the molecular mechanisms involved are still poorly defined. In epithelial cells, we previously
showed that TI-VAMP depletion reduces the cell surface amount of tetraspanins
microdomains which control EGFR diffusion and signling at the plasma membrane. Depletion
of TI-VAMP or tetraspanin CD82 restrains EGFR diffusion at the cell surface as observed by
Quantum dots video-microscopy. This is correlated with an increase recruitment of
endocytic machinery and impaired MAPK signaling. Such a mechanism could also operate at
the post-synaptic plasma membrane and have a profound impact on the physiology of the
synapse. We are now unraveling the role of vesicular transport mediated by these 2 SNAREs
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(synaptobrevin 2 and TI-VAMP), in the dynamics of post-synaptic glutamate receptors during
synaptogenesis and plasticity using KO mice.

Our unpublished results indicate altered synaptic morphology both in hippocampal cultures
and in situ. These defects are also correlated with modification of expression and targeting
of glutamate post-synaptic receptors. The molecular mechanism by which vSNARE are
controling glutamate receptor distribution in dendritic spine and PSD is investigated by super
resolution microscopy and biochemical approaches. Moreover, synaptic plasticity is now
under investigation with both electrophysiological recordings (LTP) and behavioral
explorations concerning spatial and recognition memory.
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Single molecule crosstalk between surface NMDA and
dopamine D1 receptors tunes plasticity at
hippocampal excitatory synapses
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Maladies Neurodégénératives, UMR 5293, Bordeaux, France.

Dopamine is a powerful modulator of glutamatergic neurotransmission and N-methyl-D-
aspartate receptor (NMDAR)-dependent synaptic plasticity. Although several intracellular
cascades participating in this functional dialogue have been identified over the last decades,
the molecular crosstalk between surface dopamine and glutamate NMDA receptors-
associated signalling still remains poorly understood. Using a combination of single
nanoparticle detection imaging and electrophysiology in live hippocampal neurons, we here
unravel that dopamine D1 receptors (D1R) and NMDAR form dynamic surface clusters in the
surrounding of glutamate synapses. Strikingly, D1R activation or D1IR/NMDAR interaction
cleavage decreases the size of these clusters and increases NMDAR synaptic content through
a fast lateral redistribution of the receptors, thereby enhancing long-term synaptic
potentiation. Together, these data reveal the unexpected presence of dynamic D1IR/NMDAR
perisynaptic reservoirs favoring a rapid and bidirectional surface crosstalk between
receptors, and set the plasma membrane as the primary stage of the dopamine-glutamate
interplay.
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Resolution and contrast enhancement in Coherent
anti-Stokes Raman scattering microscopy
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Optical microscopy is an essential tool in biology that is capable of nondestructive, real-time
imaging with molecular contrast. In particular, Coherent anti-Stokes Raman Scattering
(CARS) microscopy has been extensively used with great success to image lipid-rich
structures in a broad range of tissue samples (e.g. spinal cord [1], mammary tumour [2] and
mouse skin [3]). While there is a continued interest to observe tissue structure on a finer
scale, optical microscopy is fundamentally limited in its spatial resolution (250-350nm) by
diffractive effects. Major progress has been made in this regard in fluorescence microscopy
with resolution enhancing techniques such as photoactivated localization microscopy
(PALM) [4], stochastic optical reconstruction microscopy (STORM) [5] and stimulated
emission depletion (STED) microscopy [6]. Optical resolution enhancement in these
techniques relies on manipulating the excited-state population by photochemical switching
or by selective depletion of fluorophores. Unlike fluorescence, CARS is a parametric process
based on coherent light-mediated coupling between the ground state and the excited
vibrational state, whereby no energy is transferred from the excitation field to the molecule.
The absence of an excited-state population in CARS renders the tools used to manipulate the
emissive properties of molecules in fluorescence, not applicable to CARS microscopy.

In this work we propose an alternative approach for enhancing optical resolution-based on
the intensity difference between two images acquired using either a fundamental Gaussian
laser mode or a doughnut-shaped mode. This so-called Switching LAser Mode Coherent anti-
Stokes Raman Scattering (SLAM-CARS) microscopy allows obtaining a lateral resolution of
0.36 Apump and reconciles major goals of resolution enhancement for biomedical imaging:
high laser powers are not required, no constraints on the specimen are present, and it is also
straightforward to implement in an optical system. We demonstrate sub-diffraction
resolution imaging of myelin sheaths in mouse brainstem.

[1] H. Fu. Y. Wang, P. Zickmund, R. Shi and J.X. Cheng, Biophys J. 89, 581 (2005).

[2] TT. Le, CW. Rehrer, TB. Huff, MB. Nichols, IG. Camarillo and J.X. Cheng, Molecular Imaging
6, 205 (2007).

[3] CL. Evans, EO. Potma, M. Puorishaag, D. Coté, CP. Lin and XS. Xie, Proc Natl Acad Sci USA
102, 16807 (2005).

[4] E. Betzig, G.H. Patterson, R. Sougrat, O.W. Lind- wasser, S. Olenych, J.S. Bonifacino, M.W.
Davidson, J. Lippincott-Schwartz and H.F. Hess, Science 313, 1642 (2006).

[5] M. J. Rust, M. Bates and X. Zhuang, Nature Methods 3, 793 (2006).

[6] S.W. Hell and J. Wichmann, Opt Lett. 19, 780 (1994).
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Super-resolution imaging receptor interactions and
clustering using Upaint
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Interdisciplinary Inst. for Neuroscience & CNRS, Univ. of Bordeaux, France

In the last decade, several superresolution approaches (SIM, PALM, STORM, SOFI, RESOLFT,
uPAINT) were developed to study receptors organization at the cell membrane with
nanometric resolution. Among them, single molecule based approaches use the fact that if
only single fluorescent particles are present and well separated in an image, their position
can be determined with a high precision (20 nm). To reconstruct superresolved images,
while only a small subfraction of receptors has to be detected in every image, a vast majority
of the receptors has to be observed in the total experiment time-lapse.

Approaches like STORM (1) or PALM (2) rely on fluorophores that can be switched from a
non fluorescent state to a fluorescent state with an external optical trigger that controls the
proportion of fluorescent molecule. This photoswitching can still stochastically occur even in
the absence of the trigger. Consequently, the study of samples with regions with higher
receptor concentrations can become difficult. Furthermore, photoluminescence
intermittency will make a single receptor count more than once in the resolved image. These
problems limit the extraction of quantitative measurement.

We present uPAINT (3,4) (Universal Point Accumulation Imaging in the Nanoscale
Topography), an approach recently developed that uses stochastic binding of fluorescent
antibodies or ligands freely diffusing in the extracellular solution. Choosing the appropriate
experimental parameters will only make the bound fluorophores distinguishable. By varying
the concentration of the fluorescent entities in the buffer, it is possible to make the number
of detections as low as required to achieve the optimal regime for single molecule
localization. We show that, by combining FRET with uPAINT (4), we can unquestionably
discriminate a substantial large amount of dimers of the epidermal growth factor receptor
(EGFR) from all other EGFRs at the cell membrane. We also present a systematic study of the
EGFR clusterization. We expose possible biases of photoluminescence intermittency or "miss
events" and describe an algorithm to correct for those events in order to provide a truth
unbiased study of clusterization in cells at the nanometric scale.

Because UPAINT is compatible with many color imaging of live cells expressing endogenous
level of receptors, we believe that it can provide new interesting insights on molecular
organization at the cell membrane.

Ref: (1) M.J. Rust, Nat Methods 3, 2006 (2) E. Betzig, Science 313, 2006 (3) G. Giannone,
Biophys J 99, 2010. (4) P. Winckler, Sci Rep 3, 2013.
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interactions with rodent brain tissue
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Optogenetics is becoming a popular technology allowing precise activation and inhibition of
specific cell populations in a millisecond scale. It is important to understand the photon-
tissue interaction so as to estimate light distribution in animal brains under different
illumination strategies and wavelengths. In this study, photon propagation in brain tissue in
the visible and near infrared spectrum was investigated using numerical Monte Carlo
simulations. A 3D model for multi-layered brain tissue allowing simulation of photon
distribution for different fiber sizes and numerical apertures was developed. Since the
model can predict the volume of perturbed neuronal activity, it is helpful in the design of
new optical probes in optogenetics. In modeling the photon distribution the brain tissue
parameters are crucial. Large variations of the values of optical parameters are presented in
literature (Yaroslavsky 2002, Heureux 2009). Therefore we also determined the optical
absorption and scattering coefficients of the rat brain in the spectral range between 500 and
1000nm using spatially resolved spectroscopy (SRS). SRS is a versatile technique with
applications ranging from biomedical research to nondestructive evaluation of food quality.
(Nguyen, Do Trong 2013). Scattering and absorption are estimated by multiple simultaneous
VisNIR spectroscopy measurements on the brain samples at different distances from the
light source. A purpose-designed optical fiber array for SRS is of small size and non-
destructive suitable for both in vitro and in vivo experiments. We performed measurements
in the rat brain with and without fixative and compared the data. The results of the SRS
measurements as input for the Monte Carlo model give us a highly accurate estimation of
the photon distribution in tissue. This high accuracy is required when using Monte Carlo
simulations for the design of light delivery systems since photon distribution along with
tissue heating were proven to be very sensitive to the optical properties of the brain tissue.

References
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Bringing brain slices back to life: an acousto-optic light
steering device for patterned optogenetic stimulation
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Experiments on acute brain slices have produced a wealth of fundamental data regarding
the functional connectivity and biophysical properties of individual neurons and small
networks. Bridging the gap between this corpus of in vitro data and the complex behavior of
neurons in vivo constitutes an ongoing challenge. The main obstacle towards this goal is the
deafferentation of brain tissue occurring during the preparation of brain slices which stops
any synaptically-driven activity, thus modifying profoundly the biophysical properties of
neurons and networks. Attempts to restore afferent activity by electrical stimulations failed
because they lacked cellular specificity and produced artificial synchronization. Optogenetic
stimulations should in principle allow activating specific types of neurons or fibers expressing
light-activated ion channels with complex spatial and temporal patterns. However,
previously described methods of light delivery have been unable to achieve the required
precision at high stimulation efficacy. Here we present an optical setup combining acousto-
optic deflector (AOD) mediated fast scanning and low-NA Gaussian beam illumination.

In short, a 473 nm laser beam was focused on the median plane of a dual-axis AOD in shear-
mode, yielding to an angular switching frequency in excess of 400 kHz. The AOD plane was
conjugated to the back aperture of a 40x objective enabling lateral shifting of a collimated
axial beam. The beam waist diameter at the sample plane (2-10 um) was set by a variable
beam expander at the output of the laser. Our low-NA strategy limits the impact of light
scattering by brain tissue. Useful contrast between the Gaussian illumination and the
surrounding scattered blur is preserved up to a depth of 100 um with good spatial
resolution. At a depth of 50 um, ChR2 saturation is obtained for energies of tens of nJ only.

In the cerebellar cortex, mossy fibers (MFs) were brought to threshold by light pulses as brief
as 100 us, evoking postsynaptic currents in Golgi interneurons (GoCs) with us precision. An
algorithm generating optimal scanning sequences with uniform delivery of average light
power over time and space was able to evoke seconds-long stretches of sustained intense
MF synaptic activity in GoCs, eventually inducing local granule cells to forward activity to the
next processing layer. With this set of experiments we bring the first demonstration that
patterned optogenetic stimulation can be used to emulate complex ongoing afferent activity
in acute slices.
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molecule based super-resolution microscopy
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Single molecule based super-resolution imaging techniques, such as PALM and (d)STORM,
require a heavy computer processing step. A typical acquisition is composed of few ten-
thousands of images, from which up to a million localizations is required to reconstruct the
super-resolved image with a lateral resolution down to 10nm. Most of the available analysis
tools require off-line processing of the data, which prevent the direct access to the super-
resolution image directly on the microscope, and makes the overall technique slow. In this
work, we propose a new method for the real-time localization and reconstruction of super-
resolved images.

First, in order to provide a fast and accurate localization of the molecules, we have
developed an algorithm based on the wavelet decomposition of the images. This approach
has shown its efficiency, in terms of accuracy and speed of computing, comparing to the
conventional Gaussian fitting method. Second, we have implemented such algorithm on GPU
technology in order to greatly speed-up the calculations, making them compatible with real-
time computation. The real-time reconstruction of super-resolved image is accompanied
with a direct feed-back on the laser power where it will be adjusted automatically according
to the desired density of molecules. It allows optimizing the acquisition parameters in order
to get and keep the optimal molecule’s density during the overall acquisition and obtain the
best resolution in a minimum amount of time. A combination with 3D Gaussian fitting
enables a direct processing of 3D localization using astigmatism. This step is achieved by
NLLS minimization implemented on massively parallel GPU hardware architecture.

This solution makes all single molecule based super-resolution microscopy techniques much
more attractive since it saves lot of bandwidth and gives the user a direct access to the
super-resolution images, similar to other optical methods such as STED, but using a much
simpler microscopy setup.
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Variable Ca2+ - clamp control of Ca2+ dynamics in
astroglia
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The fine processes of a single astrocyte can ensheath thousands of synapses on many
neurons. This enables astrocytes to powerfully modulate synapse function which is thought
to rely on Ca2+ dependent release of signaling molecules. However, this issue remains
controversial (reviewed in Hamilton 2010). One of the principal scientific objectives is to
understand whether and how resting Ca2+ regulates spontaneous and activity-driven Ca2+
signaling in astrocytes.

We study astrocyte Ca2+ signaling using two-photon excitation fluorescence microscopy
focusing on the CA1 stratum radiatum in acute hippocampal slices. Firstly we use
intracellular Ca2+ sensitive indicators to measure Ca2+ concentration changes in time and
space. Secondly, we clamp Ca2+ in astrocytes either using calibrated internal solutions or
dynamically by uncaging Ca2+ and Ca2+ buffers. In parallel, we monitor the consequences
of gliotransmitter in particular D-serine release electrophysiologically. We are also adapting
fast fluorescence lifetime imaging to further refine our approach to calcium imaging.
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Shaping optical wavefronts with deformable mirrors and Liquid crystal on Silicon (LCOS)
spatial light modulators has a wide range of applications in astronomy, biology, physics and
chemistry. However, choosing between them involves a trade-off between response speed,
spatial frequency and precision. These devices are also too slow for use with acousto-optic
lens (AOL)-based 3D imaging microscopes, which perform random access laser pointing at
rates of 30-50 kHz. Moreover, for live tissue microscopy, the speed of response of the
wavefront control system and the iterative nature of the aberration correction algorithms
limits their practical utility.

Here we show with 2 AODs forming a cylindrical AOL, that wavefront shaping can be
performed at 30 kHz. Linearly frequency ramped acoustic waveforms are routinely used for
deflecting and focussing the AOL wavefronts. The more complex optical phase patterns
required here were generated by driving the AOL with nonlinear frequency modulated
acoustic waveforms using a custom-designed FPGA control system. Introduction of third
order phase aberrations enabled continuous linear scanning of the focal point spread
function in the X-Z plane, while introduction of 4th order phase aberrations corrected for the
spherical-type (fourth order cylindrical phase) aberration introduced by a fixed optical
element. Our results establish that aberration correction can be performed with over 25
waves of continuous correction at a pulsed rate of 30 kHz with a precision of better than
1/35" of a wave. For comparison nematic Liquid crystal on Silicon spatial light modulators
are typically limited to 30 - 60 Hz and only one or two waves of continuous correction. The
fastest MEMS deformable mirrors, whilst capable of up to 8 waves of continuous correction
at 10s of kHz, are very complex to control precisely at high speed because of element cross
coupling and inertial effects.

We are currently working on extending these 2D proof-of-principle results to 3D for use in

AOL microscopy. Our proof-of-principle results suggest that AOLs are likely to be useful for
ultra-high-speed and/or high precision pulsed adaptive optics.
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The cerebellum is involved in motor coordination, motor learning and the maintenance of
balance. The input layer receives sensory inputs from almost every sensory system, together
with information from the cortex about motor commands (efferent copy signal: internal
copy created with a motor command of its predicted movement) as well as sensory
feedback. After combining and processing this information, outputs from the cerebellum
modulate motor command. Sensory and motor command signals are conveyed by mossy
fibers (Mfs), which arise from multiple brain stem nuclei and make glutamatergic synapses
onto granule cells (GCs) and Golgi cells (GoCs) in the granule cell layer (GCL). GoCs are
inhibitory interneurons and provide the sole neuronal source of inhibition for GCs.
Understanding how Mfs arising from the different precerebellar nuclei innervate GCs and
GoCs is essential for understanding how sensory and motor signals are combined and
transformed by the cerebellar cortex. However little is known about the functionnal
connectivity of identified Mf inputs within the GCL. Here we used Adeno-Associated Viruses
(AAV) to express channelrhodopsin-2 (ChR2-H134R-YFP), a light-sensitive cation channel.
AAV-expressing ChR2 was injected in different precerebellar nuclei in P15 CD1 mice. After a
miminum of 7 days of expression, saggital slices of cerebellar hemispheres were prepared.
Infection occurred only locally, but efferent axons and their terminals expressed ChR2
strongly, allowing selective optical activation of each pathway. We recorded light-evoked
synaptic responses in voltage-clamped GCs and GoCs in the Crus Il region of the cerebellum.
Excitatory postsynaptic current (EPSCs) were recorded from GCs and GoCs. We characterized
their amplitudes, kinetics (rise time and decay time) and short-term plasticity at different
frequencies (up to 50 Hz due to the desensitization properties of the ChR2 variant used). The
mean average Mf-EPSCs was 48 + 14 pA on GoCs and 53 + 12 pA on GCs and the mean
Tweighted Was 7.5 + 2.8 ms for GoCs (n=8) and 6.4 + 0.7 ms for GCs (n=10) (p>0.05 for both
parameters) which is consistent with minimal electrical stimulation. Moreover, by using 2-
photons microscopy, we determined how many Mf terminals-expressing ChR2 contacted
GCs dendrites by filling the cell with Alexa-594 and correlated these data with the
electrophysiological recordings. This will allow us to relate any functional heterogeneity with
specific pathway, show whether GCs and GoCs receive multimodal inputs and provide a
better understanding of how incoming information is combined and transformed in the
cerebellum.
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STED microscope with spiral phase contrast
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Stimulated Emission Depletion (STED) microscopy enables superresolution imaging of
fluorescently marked nano-structures in vivo. However, biological investigations are often
hindered by the difficulty of relating super-resolved structures to other non-labeled features.

We show the implementation of phase contrast into a STED microscope and its application
for imaging GFP- and YPF-stained neurons in one label-free phase contrast and one high-
resolution STED channel. This allows for easy correlation of morphological structures with
high-resolution fluorescence images. Phase contrast permits the visualization of weak phase
objects without any labeling. The resemblance in optical design of Spiral Phase Contrast
(SPC) and STED microscopes allows a straightforward implementation of such a phase
contrast channel into a STED microscope. It is implemented without extra optical elements
in the STED light path, which would compromise STED imaging capabilities.

Furthermore, SPC is realized with coherent and incoherent illumination and it is
demonstrated that SPC in scanning confocal configuration yields improved optical contrast.
This latter configuration can provide contour detection and highlights and shadows
reminiscent of differential interference contrast.

Scanning phase contrast allows for registration with the fluorescence images and principally
for simultaneous recording of phase contrast and STED images. It allows therefore dual
imaging and overlay in two contrast modes in fixed and in living specimen, in which double
labeling is especially challenging.
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Unraveling the molecular architecture of the Axon
Initial Segment with nanoscopy

Christophe Leterrier (1), Magali Mondin (2), Daniel Choquet (2,3), Bénédicte
Dargent (1)

(1) Aix Marseille Université, CNRS, CRN2M UMR7286, Marseille, France

(2) Université Bordeaux, CNRS, INSERM, Bordeaux Imaging Center, Bordeaux, France

(3) Université Bordeaux, CNRS UMR5297, Interdisciplinary Institute for Neuroscience,
Bordeaux, France

The Axon Initial Segment (AIS), located within the first thirty microns of the axon, has two
essential functions in neuronal physiology. First, it generates the axon potential through the
concerted action of voltage-gated ion channels. Second, it maintains the neuron's polarity by
separating the somatodendritic and axonal compartments, regulating membrane diffusion
and protein traffic toward the axon. The molecular basis for ion channels concentration has
been elucidated in the recent years, and depends on channels interaction with a sub-
membranous ankyrin G (ankG) / BIV-spectrin scaffold. However, the structural bases for the
AIS barrier, restricting protein mobility between the soma and the axon, are yet unknown.
This motivated us to assess the molecular organization of AIS components, and how this
organization can support the AIS mobility barriers that allow the maintenance of axonal
identity.

We are concentrating our initial efforts on the arrangement of the large ankG isoforms
present in the AIS, labeled using antibodies directed against several ankG domains, and
imaged by pointillist nanoscopy (STochastic Optical Reconstruction Microscopy, STORM).
Notably, STORM was recently used to unraveled a striking ring structure for spectrin and
actin in the axon. We confirm that BIV-spectrin is organized in a periodic pattern along the
AIS of cultured hippocampal neurons, and are currently assessing if distinct ankG domain
also forms rings. Furthermore, our recent studies demonstrated an interaction between
ankG and microtubules via End-Binding proteins. We are thus testing the colocalization of
different ankG domains with microtubules along the AIS. The determination of ankG
arrangement through the differential localization of its domains will help us understand how
the AIS can restrict protein diffusion along the axolemma, and regulate vesicular traffic
toward the axon.
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Data-driven segmentation and clusterisation for
localization based super-resolution microscopy

Florian Levet, Deepak Nair, Daniel Choquet, Jean-Baptiste Sibarita

Interdisciplinary Institute or Neuroscience & Bordeaux Imaging Center, Univ. of Bordeaux
and CNRS, France

Localization-based super-resolution microscopy, such as PALM or (d)STORM, is a powerful
technique that makes it possible to monitor fluorescent probes in living cells close to
molecular spatial resolution (a few nanometers). During the acquisition process, thousands
of images are acquired, from which up to one million molecules are precisely localized and
summed to generate a super-resolution image. This technique allows to quantify the
organization of biomolecules with unprecedented resolution, requiring dedicated analysis
tools. Even if some work has be recently done to identify protein clusters within subcellular
compartments, this novel technique lacks from a general approach to segment both the
micro-objects (such as cells, nucleus, spines, etc..) and the nano-objects (clusters of
molecules).

Most existing techniques for segmenting localization-microscopy data are performed on
reconstructed super-resolution images, where both spatial and temporal information of the
individual detections are lost. We here propose a new data-driven method based on Voronoi
diagram, to visualize and quantify single-molecule-based super-resolution images.
Detections are used to generate the Voronoi diagram, and represented as polygons.
Polygons contain neighborhood and geometric information, which can be used to perform
segmentation. Using this method, we were able to precisely segment objects of very
different sizes, ranging from small clusters of molecule to the entire cell.
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Femtosecond optical transfection for single cell
optogenetic modification of neurons

Alison McDonald, Maciej Antkowiak, Maria Leilani Torres-Mapa, Emily Witts,

Gareth Miles, Kishan Dholakia and Frank J Gunn-Moore
University of St Andrews, United Kingdom

The ability to transfect or label single cells in complex neuronal networks with high
throughput would be an enabling technology for the study and control of neural circuits.
Currently established techniques such as transgenics or viral methods are not able to target
single cells. However, techniques that are capable of single cell selectivity, such as single-cell
electroporation and microinjection, are generally lower throughput and are also more
invasive.

Optical transfection is an emerging technology which has been demonstrated to achieve
high transfection efficiencies, whilst providing the possibility to genetically modify single
cells in a minimally invasive manner with relatively high throughput. This technique utilises a
tightly focused femtosecond pulsed laser to create transient sub-micron pores on the cell
membrane, allowing plasmid DNA from the extra cellular environment to pass through the
membrane into the cell. The plasmid DNA is then delivered to the nucleus for the gene to be
expressed.

We report the first demonstration of optical transfection of plasmid DNA into selected
primary rat cortical neurons. With patterned optical illumination, we achieve an efficiency of
>10% and throughput of > 100 cells/minute. Using this technique we selectively transfected
plasmid DNA encoding for YFP-tagged channelrhodopsin-2 into single neurons. Patch clamp
recordings were performed to test that the transfected neurons remained functionally
viable. This technique is then applied to the manipulation of single cells in organotypic
hippocampal tissue slices.
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Combining red and green-emitting in vivo 2-photon
calcium imaging to de-combine neuronal activity

Lois S. Miraucourt’, Elena Kutsarova®, Jiahui Wu?, Robert E. Campbellz, Edward
S. Ruthazer'

! Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada
2 Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada

Over the past several decades, a wide variety of calcium ion (Ca2+) indicators have made it
possible to image living tissue dynamics. Nowadays, genetically-encoded Ca2+ indicators
have become sensitive enough to report activity in subcellular compartments. By using time-
lapse in vivo 2-photon microscopy in neuronal networks expressing such reporters, we can
now resolve single dendrite or axon Ca2+ signal in response to natural stimulation. However,
the intrinsic complexity of the network architecture in brain tissue presents a challenge for
neuroanatomical identification and cell segmentation in attributing activity when using a
single fluorescent protein (FP)-based Ca2+ indicator. Many of the most promising FP-based
Ca2+ probes have been based on the jellyfish green fluorescent protein (GFP), including the
recently available GCaMP6 for which sensitivity and signal-to-noise ratio have been greatly
improved. The orange and red fluorescent GECOs (Genetically Encoded Calcium indicators
for Optical imaging) are derived coral FPs and have greatly extended the color palate of
Ca2+-sensing FPs. Here we have taken advantage of a new long stokes shift red Ca2+
indicator, REX-GECO, with a 2-photon excitation peak around 910nm where GFP is maximally
excited. Using electroporation of GCaMP6 (1 pg/uL) and REX-GECO (1 ug/ul) into cells in the
retinotectal system of Xenopus /aevis tadpoles, together with high-speed in vivo
multiphoton microscopy using resonant scanners, we compared their respective concurrent
signals in response to various forms of visual stimulation. Our results support the strategy of
using REX-GECO together with GCaMP to simultaneously but independently monitor Ca2+
dynamics in neighboring but distinct neuronal populations.
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Nanoscale imaging of the tripartite synapse using
STED microscopy

A. Panatier”*?, S. H. R. Oliet”?* and U. V. Nagerl"?

(1) Université de Bordeaux Segalen, Bordeaux, France
(2) INSERM U862, Neurocentre Magendie, Bordeaux, France
(3) CNRS UMR 5297, Interdisciplinary Institute for Neuroscience, Bordeaux, France

Research on astrocytes in the brain has in recent years led to a thorough reappraisal of their
role in brain function, extending greatly beyond the classic view as mere providers of
structural support to neurons. Indeed, the concept of the tripartite synapse, composed of
neuronal and astrocytic elements, recognizes the important role of these glial cells in the
regulation of information transfer at synapses in the central nervous system, in a highly
dynamic and multifaceted way.

Despite much progress, a major obstacle for investigating the crosstalk between astrocytes
and neurons at synapses is their enormous morphological complexity and small size. This is
particularly true for secondary and tertiary astrocytic processes, which typically are much
too small to be properly resolved by conventional light microscopy.

To overcome this limitation and to better understand how astrocytes interact with
hippocampal glutamatergic synapses, we used stimulated emission depletion (STED)
microscopy in organotypic hippocampal slices. We imaged neurons and astrocytes in two
colors using a home-built STED microscope, which has a spatial resolution of at least 70 nm.
To visualize astrocytic and neuronal morphology in the same tissue we used patch pipettes
to fill astrocytes with Alexa Fluor 488 dye and to record from them electrophysiologcially in
brain slices from transgenic Thy1-YFPH mice.

Our experiments demonstrate that it is possible to visualize the complex and hyperfine
morphology of astrocytes by STED microscopy, faithfully resolving astrocytic processes that
are much too small for conventional light microscopy. Importantly, the two-color STED
approach allows us to reveal and investigate the intimate morphological relationship
between spines and astrocytic processes embedded in living brain slices.
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Two-photon excitation deep inside scattering tissue
by spatiotemporally shaped beams

E. Papagiakoumou'’, A. Bégue'?, 0. Schwartz®, B. Leshem®, B. M. Stell*?, J.
Bradley®?, D. Oron* and V. Emiliani*?

(1) Neurophysiology and New Microscopies Laboratory, CNRS UMR8154, INSERM U603

(2) Laboratory of Brain Physiology, CNRS UMR8118

(3) Paris Descartes University, 45 rue des Saints-Péres, Paris 75006 France,

(4 )Department of Physics of Complex Systems, Weizmann Institute of Science, Rehovot
76100, Israel

Neuronal stimulation has profited from the progress in the development of novel
photosensible tools and advanced optical methods aiding to their efficient excitation. Among
them, wavefront shaping methods are used to generate optically confined extended
excitation patterns. We have recently introduced such a method, the generalized phase
contrast (GPC), in combination with temporal focusing of ultra-short laser pulses to control
the volume of the generated excitation patterns both laterally and axially (Papagiakoumou
et al. Nat. Methods 2010).

The effectiveness of temporally focused GPC beams has been demonstrated in two-photon
excitation of channelrhodopsin (ChR2) for moderate depths inside the tissue. Still, the real
challenge is to show that these methods can be also efficient for in depth photoactivation.
In this work we present a study on how temporally focused GPC beams propagate through
scattering samples. Numerical analysis was performed by simulating beam propagation
within a scattering phantom, while experiments were performed by propagating beams
through fixed and acute cortical slices of several thicknesses. Behavior of GPC beams inside
the scattering tissue was compared with the one of low-numerical aperture Gaussian beams
and the results showed that temporally focused beams are remarkably robust to scattering
both in terms of preserving their lateral profile and their axial confinement. Finally, we
demonstrate high-precision efficient photoactivation of ChR2-expressing neurons in vitro, in
depths greater than 200 um (Papagiakoumou et al. Nature Photon. 2013).
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Microglia-synapse interactions during synaptic
plasticity

Thomas Pfeiffer'?, Elena Avignone™?, U.Valentin Nagerl™?

YInterdisciplinary Institute for Neuroscience, UMR 5297 CNRS, Bordeaux ‘Université
Bordeaux Segalen, Bordeaux, France

Activity-dependent modifications of neuronal synapses are a hallmark of the mammalian
brain, underlying the development and wiring of neural circuits and higher brain functions
such as learning and memory. While cellular memory processes and synaptic plasticity have
traditionally been studied from a neuronal point of view, recent work indicates that glia cells
such as astrocytes and microglia can substantially influence the function and regulation of
synapses.

Besides their role in pathology, surprising effects in the healthy brain have recently been
described for microglia, e.g. on synapse pruning during development and synaptic
transmission, raising the question whether microglia are involved in the morpho-functional
remodeling of synaptic connections. To address this hypothesis we set out to investigate the
morphological interactions between microglia and synapses during synaptic plasticity.

We performed time-lapse 2-photon imaging together with electrophysiological recordings in
acute hippocampal slices obtained from transgenic mice, where microglia and neurons are
robustly labeled with GFP and YFP, respectively. While inducing LTP at CA3-CA1 synapses, we
recorded the dynamic interactions between microglial processes and dendrites of CAl
pyramidal neurons.

The main finding is that LTP induction leads to an increase in the motility of microglia
processes and changes in their dynamic interactions with synapses, increasing the duration
while decreasing the frequency of contacts formed with CA1 dendrites. These effects were
blocked by the NMDAR blocker D-APV.

Our study establishes that the morphological dynamics of microglia and their interactions
with dendrites are significantly impacted during LTP, indicating that microglial processes
become more intimately engaged with synapses during synaptic plasticity. These
observations warrant further investigations into the signaling mechanisms and functional
impact of microglia-synapse crosstalk during synaptic plasticity.
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scaffolding binding sites at spinal cord inhibitory
synapses

Marianne Renner and Antoine Triller

Ecole Normale Supérieure, Institut de Biologie de I'Ecole Normale Supérieure (IBENS) Paris
France; Inserm U1024, Paris France; CNRS UMR8197, 75005 Paris, France.

Receptors are exchanged between extrasynaptic and synaptic membranes by lateral
diffusion, thus the capacity of the synapse to trap (stabilize) receptors is a determinant of
the synaptic strength by controlling the number of receptors at the post-synaptic
membrane. At inhibitory synapses of cultured spinal cord neurons, glycine (GlyR) and GABA4
receptors (GABAaR) are both present in the majority of postsynaptic membranes, being
stabilized by the scaffolding molecule gephyrin. Indeed, both types of receptors bind to
nearby sites on the gephyrin molecule albeit with different affinities. | used single particle
tracking to study the diffusion and stabilization of these receptors. The single molecule
approach allows the study of changes in the diffusive behaviour that raise from molecular
interactions and their kinetics in cellulo. | introduced a new parameter, the “packing
coefficient”, which detects stabilization events along a trajectory. In agreement with the
higher affinity of GlyR for gephyrin, synapses are overall more efficient to stabilize GlyR than
GABAAQR. Interestingly, receptors often display more than one stabilization event during their
stay at synapses. This can be an indication of the morphing of the scaffold or that receptors
establish interactions with different gephyrin sites. More importantly, two lines of
experiments as well as Monte Carlo simulations strongly suggest that the stabilization of
GABAAR is dependent on the degree of stabilization of GlyR, as both receptors compete for
their stabilization sites. Moreover, simulations underscore the importance of molecular
crowding together with the stabilization probability to set the number of receptors at
synapses.
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The inner life of adhesion sites: Integrin and talin
dynamics at the nanoscale

O. Rossier, B. Tessier, D. Nair, O. Destaing, C. Albiges-Rizo, B. Wehrle-Haller, J.-

B. Sibarita, and G. Giannone.
Interdisciplinary Institute for NeuroScience, IINS, UMR 5297 CNRS/Université de Bordeaux
Bordeaux, France.

Focal adhesions (FAs) are adhesive structures linking the cell to the extracellular matrix
(ECM) and constitute molecular platforms for biochemical and mechanical signals that
control cell adhesion, migration, growth, differentiation and apoptosis. Integrin
transmembrane receptors are core components of FAs, where they trigger signaling and
connect the ECM to the actin cytoskeleton (F-actin) via binding to intracellular scaffolds such
as talin. Using super-resolution imaging (PALM: photo-activation localization microscopy)
and single protein tracking (spt) methods, we recently deciphered the nanoscale dynamic
organization of integrins and their major activator talin within FAs. Integrins in the plasma
membrane reside in FAs through free-diffusion and immobilization cycles. Integrin activation
promotes immobilization, stabilized in FAs by simultaneous connection to fibronectin and
actin-bound proteins such as talin. Talin is recruited in FAs directly from the cytosol without
membrane free-diffusion, restricting integrin immobilization to FAs (Rossier et al, Nature
Cell Biology 2012). Yet, the molecular mechanisms triggering integrins activation and
inactivation both inside and outside FAs are not understood. In an effort to visualize inside
FAs the dynamic interactions between integrins and talin, we developed strategies to
perform multi-color super-resolution imaging and single protein tracking. To compare the
nanoscale organizations of B-integrins and talin in fixed cells, we combined PALM with either
dSTORM (direct stochastic optical reconstruction microscopy: Heilemann et al, 2008) or
STED (stimulated emission depletion: Hell, 2007). Our preliminary results suggest that B3-
integrins co-localize with talin within FAs, while B1-integrins appear mostly at the rim of FAs
where they are poorly co-localizing with talin. These results confirm the differential
nanoscale organization of B1- and B3-integrins inside FAs we described earlier. They also
suggest that localization of B1-integrin at the rim of FAs is independent from binding to talin
and could be due to B1-integrin association with another regulator. To track simultaneously
B3-integrin and talin full-length or talin head domain in live cells, we combined sptPALM
with classical dye-based spt to demonstrate the feasibility of such strategy to follow the
dynamic interactions between talin and integrins in live cells.
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A STED-FRET-FLIM approach to dissect protein

interactions at nanoscale: Localizing CaMKIl
interactions within dendritic spines

Christian Tardif, Daniel C6té and Paul De Koninck
Centre de Recherche de I'Institut Universitaire en Santé Mental de Québec ( CRIUSMQ ),
Quebec, Canada

The specific localization of protein interactions in the synaptic area, such as synaptic
receptors and signaling proteins, can impact on the signaling cascade implicated in learning
and memory. Knowing at nanoscale the position of those interactions inside and around the
post-synaptic density could provide insights on the role of their partnership. This is
particularly interesting in the context of synaptic plasticity, more specifically long term
potentiation and depression (LTP & LTD). Optical methods using Fluorescence Lifetime
Imaging (FLIM) to quantify Foster Resonant Energy Transfer (FRET) are useful to study
protein interactions. FRET-FLIM approach provides limited spatial resolution due to the
diffraction of light, particularly for studying interactions in synaptic domains, where the
spine size is in the order of 0.5 um. Super resolution methods, for instance STimulated
Emission Deplession (STED), have been developed to beat this resolution limit. We combined
STED with FRET-FLIM technique to study molecular interactions within dendritic spines at
nanoscale resolution. We built a STED microscope that uses a pulsed supercontinuum laser
on which we added a Time Correlated Single Photon Counting (TCSPC) device to perform
FRET-FLIM method. This microscope currently achieves an x/y resolution of 60 nm. To
measure protein interactions, we used an immuno-FRET approach exploiting ATTO dyes, (e.g
ATTO-594 as a donor and ATTO-647N as an acceptor). We first performed an immuno-FRET-
FLIM-STED approach on a known, activity-regulated, interacting pair of proteins in cultured
hippocampal neurons: The Calcium/Calmodulin-dependent protein kinase B (B CaMKIl) and
actin filaments (F-actin). We demonstrated the effectiveness of the method to resolve
BCaMKII-F-actin interaction within subdomains of spines and dendrites. We are now
investigating the interaction of aCaMKIl with the N-methyl-D-aspartate receptor (NMDAR)
under different levels of synaptic activity , cLTP conditions and development. Localizing the
interaction of NMDAR with aCaMKIl at nanoscale should help understanding the
mechanisms underlying NMDAR-dependent synaptic plasticity.
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Toward single walled carbon nanotube detection in
brain tissue
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Single particle tracking is a powerful tool to study the dynamics of biological events. The
observation of a single molecule eliminates implicit averages of conventional optical
observations, allowing to map heterogeneity in the biological media, to observe dynamical
fluctuations, diffusion processes, and conformational changes at the molecular level. Over
the past few years, efforts have been made to apply single particle tracking techniques to
the field of neurosciences. In cultured neurons, organic fluorophores and “quantum dots”
nanoparticles have been successfully used to track single receptor at the surface of neurons,
demonstrating that neurotransmitter receptors diffuse inside and out of synapses. But still,
single molecule studies can hardly be extended to tissue that conserves the native neuronal
network due to high background noise and light scattering. In biological samples,
near-infrared labels are advantageous since biological material scatters more the shorter
wavelengths than the longer ones. To tackle the issue of single molecule tracking in native
brain tissue, we tested different strategies to make single walled carbon nanotubes (SWCNT)
biocompatible and explored the potential of these nanoparticles to act as single molecule
reporters in thick samples. We first validated that biocompatible SWCNT were not harmful
for living neurons by testing the membrane integrity of cultured neurons exposed to SWCNT.
Then SWCNT were injected into rat brains and attempts to detect single nano-objects inside
brain slices will be presented. Together, this work investigates how SWCNT can be used as
promising molecular labels in brain tissue, yielding the necessary signal-to-noise ratio to
perform single molecule studies in intact brain tissue slices.
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using graphic processing unit-based real-time spike
sorting
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3 Donders Institute, Radboud University Nijmegen, Netherlands

Closed-loop brain computer interfaces are rapidly progressing due to their application in
fundamental neuroscience and prosthetics implemented. For optogenetic experiments, the
integration of optical stimulation and electrophysiological recordings is emerging as an
imperative engineering research topic. Optical stimulation does not only bring the advantage
of cell-type selectivity, but also provide an alternative solution to the stimulation-induced
artifacts, a challenge in electrical stimulation. A closed-loop system must identify the
neuronal signals in real-time such that a strategy is selected immediately (within a few
milliseconds) for delivering stimulation patterns. Real-time spike sorting poses important
challenges especially when a large number of recording channels are involved.

Here we present a prototype allowing simultaneous optical stimulation and electro-
physiological recordings in a closed-loop manner. The prototype is implemented with online
spike detection and classification capabilities for selected cell-type stimulation. Real-time
spike sorting was achieved by computations with a high speed, low cost graphic processing
unit (GPU). We have successfully demonstrated the closed-loop operation, i.e. optical
stimulation in vivo based on spike detection from 8 tetrodes (32 channels).
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Massive parallelization of STED nanoscopy using
optical lattices

Bin Yangl’z, Frédéric Przybillal’z, Michael Mestre?, Jean-Baptiste Trebbia®? and
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Recent developments in stimulated emission depletion (STED) microscopy achieved
nanometer scale resolution and showed great potential in live cell imaging. Yet, STED
nanoscopy techniques are based on single point-scanning. This constitutes a drawback for
wide field imaging, since the gain in spatial resolution requires dense pixelation and hence
long recording times. Here we achieve massive parallelization of STED nanoscopy using
wide-field excitation together with well-designed optical lattices for depletion and a fast
camera for detection. Acquisition of large field of view super-resolved images requires
scanning over a single unit cell of the optical lattice which can be as small as 290 nm * 290
nm. Interference STED (In-STED) images of 2.9 um * 2.9 um with resolution down to 70 nm
are obtained at 12.5 frames per second. The development of this technique opens many
prospects for fast wide-field nanoscopy.
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Exploring neuronal [Ca”*] using fluorescence lifetime
imaging microscopy (FLIM)

Kaiyu Zheng, Lucie Bard, Dmitri A. Rusakov
Institute of Neurology, University College London, London, United Kingdom

Extensive evidences have shown Ca** signalling to be one of the most fundamental chemical
signalling mechanisms in cells. It plays a critical role in the wider neuronal communication
networks, from exocytosis and postsynaptic response modulation that form memory and
learning to intracellular chemical pathways that govern basic cellular functions. Perturbation

and weakening of the [Ca®"] control have been shown to modulate neuronal firing properties
i

and are linked to neurological diseases such as Amyotrophic Lateral Sclerosis, Alzheimer’s,
Parkinson’s and Huntington’s disease. Therefore monitoring and understanding intracellular

2+]i measurements have

calcium dynamics are of great importance. However despite this, [Ca
mainly been restricted to relative changes in concentration, because the common
fluorescent intensity based methods are prone to many deficits. This is evident in that very
few studies have shown actual basal [Ca*']; levels. Previous estimates of basal [Ca*']; based
on fluorescent intensity measurements have been in the region of 100nM to 150nM in acute
slice preparations.

To enable better quantitative monitoring of [Ca¥];, we have implemented fluorescence
lifetime imaging technique, which is based on the intrinsic property of delay time (1)
between excitation and emission of fluorescent molecules. This property is independent of
variations in fluorophore concentration, illumination intensity, scattering and
photobleaching, which are the main nemeses of intensity based methods. We used calcium
sensitive fluorophore Oregon Green Bapta-1 (OGB1), whose t is measured with Becker &
Hickl’s time-correlated single photon counting system and with extensive calibration
measurements has shown to be insensitive to pH and [Mg®] under normal physiological
boundaries. Coupled with patchclamp electrophysiology and two-photon excitation

microscopy we have explored basal [Ca®"],

of CA1l pyramidal neurons in acute hippocampal
slices at near physiological temperatures. Our measurements indicate that various cellular
compartments have different basal [Ca®'], ranging from 25nM to >100nM, which reflects
partitioning of intracellular calcium homeostasis control. Variability between cells is also
prominent, particularly in distal dendritic branches which ranges from 35nM to >115nM. We
believe this serves as an important foundation to start exploring further intracellular ca®
dynamics using FLIM methodology, whose advantage over traditional intensity based

method can be irrefutably demonstrated.
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MEETING VENUE
THE AGORA AT THE HAUT- CARRE

Domaine du Haut-Carré
43 rue Pierre de Noailles — 33400 TALENCE

How to get there:
Tram: B line — Forum station (recommended)
Bus: 20 line — Forum station

...And then a short 5 mins walk uphill!!! (see next page for the map)
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Wifi access at the Haut-Carré: User guide

Configure your computer for DHCP (dynamic ip configuraiton)
Choose the 'REAUMUR' network in your wireless configuration
Start your internet browser et try to acces a web site

Follow the instructions.

Choose "Conferences sur REAUMUR"

Identify yourself with :

Login: neuro

Password: photonics

EDUROAM access is also provided.
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COCKTAIL AND RECEPTION

Café Opéra, Grand Théatre de Bordeaux
Tuesday 01 October

Place de la Comédie, 33000 Bordeaux
Tram: B line - Grand Theatre station

GALA DINNER

CHATEAU CARBONNIEUX

GRAND CRU CLASSE
2010

FAMILLE PERRIN, PROPRIETAIRE

Chateau Carbonnieux, Pessac-Léognan
Thursday 03 October

Transportation by bus.
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TBC TRANSPORTATION MAP (Tram, B Line)
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