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KEYNOTE LECTURE

High throughput microscopy to study organelle biogenesis
and membrane traffic in mammalian cells

Rainer Pepperkok (1)

p%-"- AUAOE hpEDPDOX8 p( AEADT AROCH

We have developed an organelle knoe&ut approach in which we remove by laser nano

surgery the entire Golgi complex from living cells and subsequently followy time-lapse

AT A Al AAOGOIT 1T EAOQOI OCARADOSAEADUDPOAOBA HERI GEOA
support the hypothesis of ade novoGolgi biosynthesis.

In order to identify putative molecules involved in thisde novoGolgi biogenesis, we have
developed and applied functional assays to assess the effect of kndok by cDNA over
expression and knockdowns by RNAIi, on processes such as constitutive protein
transport, Golgi integrity and function of vesicular coat complexes. In order to achieve
the throughput that such analyses require we have developed a fully automated high
content screening microscopy platform including sample preparation, image acquisition
and automated analysis of complex cellular phenotypes. We have applied this technology
to genome-wide SiRNA screens to identify and characterize comprehensively the genes
and their underlying functional networks involved in secretory membrane traffic and
Golgi integrity.
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Streptomyces development: imaging from outside in

Paul Dyson (1)
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Streptomyces coelicolois a model species to understand development in a complex
prokaryote. We have used imaging to monitor changes to cell surface properties as the
organism goes through its lifecycle. In particular, Atomic Force Microscopy of living cells
offers a unique irsight into changes in the cell surface during development. Combining
genetic approaches with a variety ofmaging techniques can provideunderstanding of
complex biological processes. Unlike in other bacteria, cell division genesStreptomyces
are not essential. So we have interrogated this biological system to investigate how key
cell division proteins function in vivo, providing insight into bacterial cell division thatin
vitro assays can overlook. In addition, we have also focused on developmentall
regulated Dps proteins that contribute to changes in DNA compaction inside the cells
during this life-cycle. We have used imaging to monitor this compaction, changes in gene
expression and protein localisation. In addition, DpsA and DpsC can safsembk into
protein nanoparticles. We have used imaging and protein engineering to investigate the
functionality of the Dps protein tails in directing and stabilising the assembly process.

2AEAOAT ARG $AT 311 2h ! Of OO0I DEI ) hCUOEQG®O} # It
¢ C pcu 8 -EOOOU "6h $Al 311 2h 7O0ECEO #h &ET Al /
jennyg-eeduvy gnnnn, &AAAU 0$h (AOREAT 06 - RADT BIA
-AOGET AU |, h $UQIT-TOaAADI AO$ AIEADIN BepicinicCU xo jcm
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Fig. 1. The life cycle of S. coelicolor. Images were obtained either by fluorescence
microscopy of fluovancomycin stained hyphae, or by Atomic Force Microscopy. From: P
Dyson. Streptomyces. Encyclopedia of Microbiology. (Moselio Schaechter,té&d, pp.
318-332 Elsevier (2009).
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Aberration corrected microscopy of functional oxide
nanowires at atomic scale

6 AT EITEO 28 2AAT EIT OE¢ | p

AT T OAAETT1IT U AT A &O1T AOCETT AI - AOAOEAI O
OA1 1 60cuh 51 ROAGADOBCEEAOAICABOMEA ¢t " AT COAA.

¢ QAOAEAT | AAAAT U 1T &£ 3AEAT AAO AT A 13R@AEA+T AU -

Keywords: HAADF, ZnO nanowiraggjium diffusion, thermoelectric

Recently we discovered a novel method to produc#1,03(ZnO), polytypoid nanowires
(MZO, where M could be In, Ga, Fand other tri-valent metals) by a facile solid state
diffusion process and to control their microstructure at atomic level [1,2]Due toto the
decoupling of certain electrical and thermal properties,these polytypoid nanowires,
which contain periodic compositional and structural features, typically on the nanometer
scale, are promising materials for a variety of applications, including thermoelectrics.
The efficiency of energy conversion in thermoelddcs is related to the materiat
dependent figure of merit, zZT=22AT/k, where S, A, T, and k represent the Seebeck
coefficient, electrical conductivity, absolute temperature, and thermal conductivity,
respectively. It is predicted theoretically that low dimensional materials can be increase
ZT [3]. The enhancement can be attributed to two factors: electronic band structure
changes (increasing the Seebeck coefficient) and enhanced interface phonon
scatteringUsing high angle annular dark field (HAADF) scannintransmission electron
microscopy (STEM) imaging we performed a detailed structural analysis on the zn
xGaO3(ZnO), nanowires. Fig. lais a HAADF image of a IGZO nanowidtearly showing
the presence of Inenriched layers (bright lines) perpendicular to the [002] direction.
High-resolution ( HR>HAADF image in Fig. 1b shows that the In atonsét on individual
planes and are separated by wurtzitd1Zn,Opn+1)* slabs of varying thicknessThe O atoms
on the edges of thaMO,x octahedral layers are eactbonded to three In/Gaatoms and
one metal atom within the MZn.O+1y* layer. This creates an inversion domaifoundary
(IDB) in the wurtzite lattice since the ZrO bonds on either side of the octahedral layer
point with the O atoms toward the In/Ga layer (tail-to-tail configuration). The MOx
inclusion layer is also associated with a stacking fault, and the wurtzite lattice on one
side of the In/Ga layer is translated by <100>. In some of the nanowires, partial In/Ga
inclusions were observed (Figurelc). The ends of these partial inclusions are usually
associated with edge dislocations with the dislocation line lying at the leading edge of the
MOx Bl AT A8 -TEOi EiIi AGAO OAEAT AliT1¢ OEA mnmg A
presence of the edge dislocatins. The HAADF imaging allowed us to unambiguously
determine the location of indium within the structure and enabled us to evaluate lattice
strain and the presence of defects. Based on this analysis we propose that the
superlattice structure is generatedthrough a defectassisted process. One of the greatest
advantages of this novel synthesis is the ability to tune the nanoscale features of the
polytypoid wires by simply adjusting the amount of metal precursor.Using HAADF
imaging we were also able to pedrm a quantitative analysis of the change in
superlattice inclusion density and periodicity with metal deposition. In summary,
M,>03(ZnO), polytypoid nanowires were converted from pure ZnO nanowires using a
simple diffusion process that can be used to produce a wide range of ZnO alloys with
controllable alloy concentration and inclusion layer density. The single layer inclusion
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growth is originated from the surface and propagates though the nanowire by a defect
assisted process. From this study it is apparent that better control of hanometercale
features could be the key to developing nexgeneration thermoelectric materials.
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Figure 1. a)STEM image of IGZO nanowire; b) High resolution HAADF image of an 1GZO

nanowire; ¢) HRHAADF image of IGZO oriented on the [010] zone axis with two
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and 102 reflections.

18



Formin -generated actin filaments in the rear of polarized
cells are utilized by myosin Il to drive motility

Jan Faix (1)
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Eukaryotic cells can move by distinct modes of action. Fast amoeboid cell migration, as
utilized by immune cells or Dictyosteliumamoebae, is characterized by weak adhesion,
formation of actin-rich pseudopods or hydrostatic pressuredriven blebs in their fronts
and myosin Il driven contractility in the rear. However, it remained poorly understood
how the contractile machinery is comstituted in the trailing edge to achieve efficient
front-back coupling and how this system is localied. Here we identify Diaphanous
related formin A (ForA) from Dictyosteliumdiscoideumthat nucleates and elongates actin
filaments in vitro, and show thatit acts in concert with IQGAPrelated proteins, the antk
parallel actin crosslinker cortexillin (Ctx), and myosinll in the rear to locally increase the
mechanical rigidity of the cortical actin meshwork. In repolarizing cells, active ForA
invariably relocalized to new prospective ends. Intriguingly, the elimination of ForA
markedly increased the speed of randomly migrating cells in unconfined environments
that was dependent on myosin Il, demonstrating that a more fragile cell cortex can even
enhance contratility -assisted cell migration. When compressed under agar, however,
ForA-null cells were unable to efficiently migrate, collectively suggesting that myosin II
specifically utilizes ForAgenerated and Ctdbundled actin filaments to generate a
resilient contractility machinery in the rear. This was further corroborated by imaging of
GFRtagged myosin Il in wildtype and forA-null cells in 2D-confined environments, and
revealed that in contrast to wildtype cells, the mutant constantlyformed blebs in
regions with highest myosin Il a&cumulation in the rear. Finally, we showthat the
localization of ForA abides the established phosphoinositide gradients in polarized cells
due to its PI(4,5)R-specific C2 domain.

19



Strategies of imaging low -dimensional elect ron -beam-
sensitive objects with low -voltage aberration -corrected
TEM

Ute A.Kaiser (1)
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Structural and electronic properties of different lowdimensional electon-beam
sensitive crystalline (graphene [1], ionimplanted graphene [2], M0o$ [3], MoSe, SiQ [4],
CN [5], square ice [6)Fig. 1a) transition-metal clusters [7]) and anmorphous (monolayer
carbon, SiOZ8]) objects as well as a new structure of crystalline AuC [4Fig. 1b,c)are
obtained by analytical lowvoltage aberration-corrected transmission electron
microscopy following three main strategies: (1) Theory and image processing: For exact
calculation of the contrast of doselimited high-resolution TEM images for lowZ
materials at low voltages, image theory and image processing needs to be improved
taking into account elastic and inelastic scattering [14.1]. (2) Sample preparation: We
demonstrate our method to clean graphene [12]. We show that sandwiching clean
radiation-sensitive low-dimensional objects inbetween two graphene layers [13] or
embedding them into singlewalled carbon nanotubes [14] allows to reduce electron
induced damage of the objects. (3Low-voltage transmission electron microscope: We
outline our unique voltagetunable (20-80kV) spherical and chromatic aberration
corrected TEM and show first results obtained from its prototype [15].
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Fig. 1. a) 80 kV RTEM image of square ice embedded in graphene, (scale bar is 2nm); b)
80kV HRTEM image of graphene at elevated temperature. The arrow marks a mobile Au
atom embedded in graphene and the inserts show small Au clusters. (b) HRTEM images
of single and doubldayer of AuGclusters in a NaGlrystal structure (scale bars: 1 nm).

21



Emerging role of extracellular vesicles
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Release of membrane vesicles is a process conserved in both prokaryotes and
eukaryotes. These cell derived extracellular vesicles are submicron structures
surrounded by phospholipid bilayer and they represent efficient delivery platforms
targeting complex molecular information to professional antigen presenting cells.
Compelling evidence supports the significance of this dynamic extracellular vesicular
compartment (containing exosomes, microparticles or microvesicles and apoptotic
bodies) in a broad rangeof physiological and pathological processes. These vesicle
populations are not only potential biomarkers and possible pathogenic factors in
numerous diseases, but they are also considered as emerging therapeutic targets and
therapeutic vehicles (1). Howeer, classification of this heterogeneous vesicle
population, isolation and detection protocols, and molecular details of vesicular release
as well as clearance and biological functions are still under investigation evethe
nomenclature is still being defnhed. Our research group has focused on establishing
standard methodology of extracellular vesiclepurification and characterization. During
our work we realized that up till now most published work regarding extracellular
vesicles used protein determinaton or particle enumeration to quantitate extracellular
vesicle preparations. As pointed out for the first time by our group (2) protein aggregates
share biophysical parameters with extracellular vesicles, and thus, may contaminate
extracellular vesicle preparations and falsify experimental results. Furthermore, particle
enumeration techniques (such as nanoparticle tracking analysis or tunable resistive
pulse sensing) do not distinguish between vesicular and newesicular events, and thus,
can also often led to erratic data. In one of our newest studies we combined differential
detergent lysis with tunable resistive pulse sensing or flow cytometry and we found that
this method may provide a useful simple and fast validation of the vesicular nature of the
detected particles. Furthermore, this approach may also provide information about the
vesicle subpopulation being studied Another important step towards improved analysis
of extracellular vesicles by enabling a more accurate measurement and providing a ebv
quality control parameter of them is determining their protein to lipid ratios. This could
be a novel parameter which is predictive of the quality of extracellular vesicle
preparations (3). However even the most sophisticated combination of different
techniques cannot be complete without transmission electron microscopy as the only
technigue which is able to visualize vesicular and nemesicular particles in the whole
size range of the vesicle population.
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Fig. 1.Different types of vesicles released by human platelet
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E3-14.7K peptide that promotes microtubules -mediated
transport of plasmid DNA increases polyplexes
transfection efficiency

ChantalPichon (1) and Patrick Midoux(1)
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Cationic polymers and lipids are promising chemical vectors for gene therapy. However,
the limited cytosolic diffusion of plasmid DNA (pDNA) impairs its delivery to the nucleus
(Pichonet al.,2010). To improve its intracellular trafficking to the nucleus of the cell, one
strategy is to make a pDNA able to interact with cytoskeleton motors, as most viruses do.
E3-14.7K early adenoviral protein has been reported to interact with microtubules
during adenovirus infection (Li et al., 1998 Lukashok et al2000).

We have identified a 20 amineacids peptide (P7998) of the E314.7K early adenoviral
protein interacting with the Dynein light chain TCTEL1via FIP-1 known as RagA
Colocalization experiments and FLIMFRET experiments were performed to state about
the interactions between E3-14.7K, endogenous FIP1, Dynein light chain TCTEL1and
pDNA.Videomicroscopy and Single Particle Tracking clearly demonstrate thahe P79
98/pD NA conjugate exhibits a linear transport with large amplitude along microtubules
upon 2h transfection with histidylated polymers whereas pDNA conjugated with a
control peptide exhibits short nondirectional movements in the cytosol. Remarkably,
the link between the pDNA and the peptide is important to improve the transfection
efficiency. Optimized condition led to 80% of transfected cellsNo improvement was
observed with a peptide that interacts directly to dyneinin vivo P79-98/p DNA encoding
luciferase gene clearly show a 3 to 5-fold transgene expression in skeletal muscles and
liver after intramuscular and tail vein hydrodynamic injection in mice, respectively.
Comparatively, the transfection efficiency of histidylated liposomeswas not improved
suggesing that the peptide could be hidden after the multi-lamellar assembly of
lipoplexes.

Our results demonstrate for the first time thatin vitro and in vivo non viral gene transfer
can be drastically increased when pDNA is conjugated with a FIPinteracting sequence
allowing its migration on microtubules. This is a real breakthrough in the non viral gene
delivery field that opens hope to build artificial viruses.
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Imaging chromosome segregat ion in Streptomyces
coelicolor
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The reconciliation of monacdirectional tip extension with bidirectional chromosome
segregation represents a key challenge to orgasis that undergo polarized growth such
as the filamentous bacterium, Streptomyces coelicolorIn order to understand this
process, we have developed Ebrescence Reporter Operator Sgm for chromosome
segregation in S. coelicolor We usedin vitro transposon mutagenesis to deliver 120
copies of thetet operator (tetO) arrayed in tandem to anoriC-proximal site within the S.
coelicolorchromosome. By fusing the cognate repressor protein (TetR) to mCherry and
eGFP, we have visualized binding of TetR to thendem tetO array and, as a result, the
location of oriC during chromosome replication through tip extension, erection of aerial
hyphae and sporulation. Using time lapse fluorescence microscopy we have generated a
model describing chromosome segregation ihis complex filamentous bacterium that
permits chromosome colonization of the extending tips as well as apelistal branches.
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Increased uptake by Kupffer cells and reduced liver
transduction and toxicity following serotype 5 adenovirus
pseudotyping with serotype 3 fiber
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The use of adenovirus 5 (Ad5) in gene therapy has been hampered by the strong liver
tropism of the virus and associated hepatotoxicity. Mutations of hexon protein ablating
Ad interaction with blood coagulation factor X were peviously shown to dramatically
reduce hepatocyte transduction. Interestingly, pseudotyping Ad5 with a fiber from Ad3
also led to a strong reduction in hepatocyte transduction. We report reduced liver and
spleen transduction 2 days after systemic adminisation of Ad bearing either whole or
only the shaft of the Ad3 fiber. Liver transduction by these vectors was further reduced
after FX depletion, demonstrating their efficient use of FX for hepatocyte transductian
vivo. While both Ad did not show signiftant difference in initial liver uptake, they were
cleared from the liver more rapidly. This phenotype was attributed to an intrinsic
property of the Ad3 fiber, since Ad5 pseudotyped with Ad3 fiber as well as Ad3 were
strongly taken up by Kupffer cells. Fially, an Ad pseudotyped with Ad3 fiber was shown
to efficiently transduce tumors while avoiding hepatocyte transduction after
dissemination from tumor site of administration. Taken together, our data demonstrate
that the nature of the Ad fiber has a strog impact onin vivo Ad behaviour.
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Confocal microscopy and DNA repair studies in living cells

Eva Bartova (1)
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The maintenance of genome integrity is fundamental for proper cellular functions. Cells
are continuously exposed to genotoxic factors, including UV irradiation or oxidative
stress induced by pollutants. Therefore, appropriate DNA repair is more than demanding
for genome stability. Genotoxic stress generally leads to induction of DNA lesions that
must be repaired in order to avoid deleterious chromosomal translocations. Therefore,
in irradiated chromatin of living cells we analyze kinetics and appearance of proteins,
involved in DNA repair pathways or proteins recognizing the changes in radiatien
caused chromatin conformation. For induction of DNA lesions we are using various
sources of radiation, incuding UVA lasers or gammaiays. From the view of various types
of DNA lesions, by confocal microscopy, we study cell cycle dependent recruitment of
selected proteins at radiationdamaged chromatin. We apply local micrarradiation by
355-nm or 405-nm UVA hsers in order to induce DNA lesions, positive on cyclobutane
pyrimidine dimers (CPDs) or phosphorylated histone H2AX (Fig. 1). Our aim is also to
study protein-protein or protein -DNA interactions by FRET analysis or protein kinetics
by FRAP and bioinforméics approaches. Work was supported by Grant Agency of the
Czech Republic, project No.: 187822S.
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Figure 1. DNA lesions positive on CPDs (A) and gammaH2AX (B). DNA lesions in regions
of interest (ROIs) were induced by UVA lasers.
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Imaging the Hh-Gli signaling network in various tumor
types
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In adult organisms, the Hedgehogsli pathway contributes to homeostasis and
regeneration of certain tissues such as skin and bone, it is active almost exclusively in
somatic stem cells, but aberrant activation of the Hh pathway has been linked to
tumorigenesis. The pathway activation begins when the ligand Shh binds to its receptor,
Patched (Ptchl), resulting in the deaepression of the cereceptor Smoothened (Smo).
This triggers a cascade of events in the cytoplasm leading to activation of the
transcription factors Gli and transcription of their target genes. The Gli proteins are
OAcOl AGAA AU OEA 30PPOAOGOT O 1T &£ &OOAA j30&0qQh
regulate the processing of Gli proteins. Today it is generally recognized that this pathway
is activated in various types of cancer through different mechanisms and it contributes to
cancer proliferation, progression and invasiveness. Therefore, this pathway is
anticipated to provide a new avenue for cancer therapy.

In our research we used confocal imging to study the mechanisms of pathway activation
in several tumor types. We tracked the changes in localization of pathway components
on various levels of the signaling cascade that might indicate pathway modulation. We
have observed pathway activatiorin ovarian dermoids and ovarian carcinomas. We have
shown that ovarian dermoid and carcinoma cells respond to pathway activation and
inhibition on the upper level of the cascade. On cellular level this can be seen as
internalization of the receptor in compex with ligand after pathway activation, and
decreasing the localization of the pathway effector Glil in the nucleus after pathway
inhibition. These results indicate that the HRGIi signaling pathway is activated
canonically in ovarian tumors (Sabol et a012). On the other hand, in breast cancer we
observed a crosgtalk between HhGli signaling (Shh ligand) and the estrogen receptor,
creating a potentially new signaling network (Sabol et al, 2014). Furthermore, in colon
cancer cells we observed noncandaal hyperactivation of the pathway caused by the

ARAOACOI AGAA OACOI AOI OU EETAOA "3+01r8 $AOAC
overproduction of activator form of Gli3 and to pathway hyperactivation. Inhibition of
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regulation of this pathway in colon cancer (publicatiorin preparation).

The importance of investigating HRGIi signaling and its nechanisms of activation is
underlined by the estimates that the pathway may be active in one third of all cancers.
Better understanding of the modes of H¥Gli pathway regulation, & well as of
interactions of the pathway with other signaling pathways, has an obvious potential for
development of better therapies that would be based on combined effects of the #8ii
and other pathways inhibitors.
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Image-based modelling of cellular blebbing
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Live cell fluorescence microscopy is the method of choice for visualising aghir dynamic
processes. A significant bottleneck, however, is extracting quantitative data from time
series image data in order to better understand the complex spatitemporal regulation
of cellular dynamics. For a number of years we have developed softkeato track cortical
fluorescence of proteins involved in cell motility, and correlate their dynamics with that
of membrane protrusions and retractions. Recently this has been applied to study
blebbing in Dictyosteliumcells [1]. Blebs form under increasedntracellular pressure,
mediated by the action of Myosirll, and occur when the cell membrane rapidly detaches
from the actin cell cortex. Blebbing can be efficiently induced by sandwiching migrating
cells between a cover slip and an agarose overlay, aatk often found in many other cell
types moving in 3D environments. It has been a lorgtanding question how cells could
direct blebs to the cell front. Using detailed quantitative analysis of blebs we have
identified a so far overlooked mechanism for loalising blebs, which is based on
inducing negative membrane curvature [2]. In my talk | will present unpublished data
showing that a biophysical deformable model of a cell membrane coupled to a static
cortex by linkers which break when pulled to hard, canexplain a large number of
experimentally observed blebs with a sensitivity of more than 70%. Specificity of the
minimal model is also greater than 70%. By optimising sensitivity and specificity we can
parameterise the intracellular pressure, which is in god agreement with the observed
circularity of cells and experimental agarose concentration. Careful studies of situations
which lead to true negative blebs in the model help to identify possible mechanisms
which prevent blebs to form even when the negativeurvature is high. One such case is
that of fresh blebs. Although they laterally induce negative curvature, new blebs only
form once an actin cortex has been restablished. Work will be presented on how we
successively integrate such mechanisms into thenodel. Our QuimP software for
analysing cellular morphodynamics is freely available [3].
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alleles to modulate transcriptional pulse intensity
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Imaging of transcription in living cells using fluorescence microscopy has become an
important approach for understanding nuclear gene expression dynamics. The
OOAT OAOCEDOET 1 Al -adirAgerel td éxkacellud sthitilhis @ paradigm
system for transcription factor complex nuclear assembly and regulation. Functional
interactions that combine signaling pathways and transcription factors are a mechanism
used by cells to govern genspecific responses to various stimuli. Serum induction leads
Ol A DOAAEOAI Uactid Bdndedptiod Gxtudidg withE minutes of serum
addition. We examined how the seruminduction signaling pathway governs the efficacy
of the induced transcriptional pulOA  £0T I OAOAOAT Aldlid, BiAgitHieOO Al 1 A
MS2tagging method for following mRNA transcription in single living cells. Our study
focused on the nuclear serum response factor (SRF), and the actin protein which
OAC Ol A Gaktid setum Aespmse. For instance, we found that lowering SRF levels led
to loss of the transcriptional pulse, including a disordered response time, and reduction
of activation coordination between the alleles. In contrast, reducing actin protein levels
revealed a positive feedback response from the cytoplasm to the nucleus, resulting in
stronger allele activation, a prolonged transcriptional response, and increased
coordination between the alleles. This study shows that correct amounts of signaling
factors are required inorder for the cell to achieve a uniform transcriptional pulse from
several alleles, otherwise the response is either eliminated or exaggerated. The very
rapid timeframes of signal propagation from the cell membrane to the promoter and
nucleo-cytoplasmic transport kinetics of mMRNAs, as measured in this study, underscore
the important timescales of gene expression dynamics revealed from living cell
measurements.
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10 min

&) 3( AAOA Astib-MIRAalfeEDBtrong green dots) and single mRNAs (green

dots) in MEFs. Boxed region shows a transcription site (green) and mRNAs (white dots),

using Imaris software. DNA is marked in red (Hoechst staining pseudocolored red) Bar
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alleles (arrows) during serum induction (following overnight starvation, time O0).
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Imaging cathepsins: from cellular processes to in vivo
diagnostics

Boris Turk (1,2,3)

1) Jozef Stefan Institute, Department of Biochemistry and Molecular Biology, Jamova 39,
1000 Ljubljana, Slovenia

2) Center of Excellence CIPKEBIP, Jamova 39, 1000 Ljubljana, Slovenia

3) Faculty of Chemistry and Chemical Technology, University of Ljubljana, Askerceva
cesta 5, 1000 Ljubljana, Slovenia

Cysteine cathepsins are a group of proteasesahare normally confined to the acidic
vesicles, collectively known as late endocytic compartments. They are normally involved
in numerous processes, including in intracellular protein turnover and MHC {imediated
immune response, where they play criticaltoles. However, theyare widely up-regulated

in several pathological conditions associated with inflammation such as cancer,
atherosclerosis, rheumatoid arthritis and osteoarthritis. In these inflammatory
environments they are secreted to the membrane orinto the extracellular milieu by
immune cells as well as tumour cells, vascular smooth muscle cells, endothelial cells,
synovial fibroblasts and chondrocytes.Cathepsins also havea causal role in these
diseases, aghey are associated with processing of structural proteins, growth factors
and chemokines, thereby promoting cell invasiveness and angiogenesisherefore
monitoring cathepsinactivity in vivo hasa high diagnostic potential, and can additionally
serve as a powerfultool in preclinical research.Development of tools that would allow
for selective monitoring of cathepsin activities in cells andin vivo goes in several
directions, the two main being suicide substrates, known as activithased probes, and
turnover probes. Both have advantages and disadvantages and these will be further
discussed.
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Microtubule detyrosination guides chromosomes during
mitosis

Marin Barisic (1), Ricardo Silva e Sousa (2), Suvranta K. Tripathy (2),
Maria M. Magiera (3), Anatoly ZaytseV2), Carsten Janke (3), Ekaterina L.
Grishchuk (2), Helder Maiato (1)
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2) Perelman School of Medicine, University of Pennsylvanil5 CurieBlvd,
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Keywords: Chromosome congression, Tubulin code, Microtubule
detyrosination, Kinetochores, CENP

Before chromosomes segrega into daughter cells they align atthe spindle equator to
form a metaphase plate, a process known athromosomecongression.CENRE/Kinesin-
7 is a microtubuleplus-end-directed kinetochore motor required for congression of pole
proximal chromosomes in hunan cells. Because the plusends of many spindle
microtubules point to the cell cortex, a critical unanswered question is how
chromosomes are specifically guided towards the equator. Here we show that
chromosome congression depends on podtanslational detyrosination of spindle
microtubules that point to the equator. CENFE binds preferentially detyrosinated
microtubules in vivo, and CENPE-dependent transport is strongly enhanced on
detyrosinated microtubules reconstituted in vitro from purified components. Blocking
tubulin tyrosination in cells causes chromosomes to move awdyom spindle polesin
random directions. Thus, CENHE-driven chromosome congression is guided by
microtubule detyrosination. Our work reveals acritical OT 1 A &£ 0 OEAas®0OAOI El
navigation system for kinetochorebased chromosome motility during mitosis.
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High-resolution STEM Investigations of Sré@oped Sr(Ti,Nb)O3 and
IN203-doped ZnO oxide thermoelectrics
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Istanbul, Turkey

Keywords: Thermoelectrics, HR STEM, HAADF imaging, ABF imaging, EDXS

SrOGdoped Sr(Ti,Nb)Q and In,0s-doped ZnO oxide thermoelectrics were investigated by

HR-STEM imaging (HAADF, ABF) and EDXSairder to study the chemistry of observed

planar faults in these materials, i.e. RuddlesdeRopper-type (RP) faults in SrO-doped

Sr(Ti,Nb)G; and characteristic inversion domain boundaries(IDB) in In2Os;-doped ZnG.

All results were obtained in a Jeol ARMOOF with a CFEG and Cs probe corrector.

HAADF imaging was performed at angles from 70 to 175 mrad, while ABF imaging from

11 to 23 mrad. EDXS spectra were acquired using JEOL Centurio Dry SD100GV SDD
Detector.RP planar faults inSrO-doped Sr(Ti,Nb)Q, asviewed along [001] zone axis, are

shown in HR STEM micrograph in figure la. The commonly observed number of
perovskite unit cells between the planar faults is >2, which corresponds to various
homologous compounds with the formula Sfa(Ti,Nb)nOsne1. While the measured

intensities of individual Sr atomic columns along a single fault do not scatter
significantly, the (Ti,Nb)O atom columns exhibit quite large differences in measured

intensities, thus indicating significant variation in Nb and Ti content withh a single

mixed atom column (Fig. 1b). Serpjuantitative analysis of measured HAADF intensities

showed that the content of Nb on B sites in perovskite solid solution varies from 5 to 35

at%. The comparison between simultaneously acquired HAADF and ABF iges of a

single RP fault is shown in figure 1c. While pure oxygen atomic columns cannot be

resolved in the HAADF image, they can be readily observed using ABF imadiRiy. 1d).

The positions of oxygen atom columns along the planar faults are in full agmeent with

the structural model of a RP planar fault. Inn.0s;-doped ZnO ceramics, pure indium

monolayers are readily observed by HAADF (Fig. 2a). These basal inversion domain
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visible, most likely due to an increased contribution of diffraction contrastaind/or strain

to the image. Indium presence ateithery $" 6 O A H|Td @ AT AA OAAAEI U
by the EDXS (Fig. 2c,d).
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Figure 1. (&) HR HAADF STEM of RP faults in St@ped Sr(Ti,Nb)O3 with (b)
corresponding intensity profiles. (¢) HAADF. (d) ABF. (e) HR HAADF STEM dDIB in
In203-doped ZnO. (f) HAADF and ADF. (g) BB mapping. (h) EDXS from ZnO anelpB.
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Direct correlation between optical properties at sub-
nanometer scale and structure at atomic scale , in-situ
performance in a STEM

Jordi Arbiol (1,2,3)
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Keywords: scanning transmission electron microscopy,
chathodoluminescense, nanomaterials, quantum structures

Technology at the nanoscale has become one of the main challenges in science as new
physical effects appear and aga be modulated at will. Superconductors, materials for
spintronics, electronics, optoelectronics, chemical sensing, and new generations of
functionalized materials are taking advantage of the low dimensionality, improving their
properties and opening a newrange of applications. As developments in materials
science are pushing to the size limits of physics and chemistry, there is a critical need for
understanding the origin of these unique physical properties (optical and electronic) and
relate them to the changesoriginated at the atomic scale, e.glinked to changes in
(electronic) structure of the material.

During the seminar, | will show how @mbining advanced electron microscopyimaging
with electron spectroscopy, as well as cathodoluminescenda an &erration corrected
STEM and essitu photoluminescence (PL) will allow us to probe the elemental
composition and electronic structure simultaneously with the optical properties in
unprecedented spatial detail.

The seminar will focus on several examples iadvanced nanomaterials for optical and
plasmonic applications. In this way the latest results obtained by my group on direct
correlation between optical properties at subnanometer scale and structure at atomic
scalewill be presented. The examples will cover a wide range of nanomaterials: quantum
structures self-assembled in a nanowireguantum wells (2D)[1] quantum wires (1D) [2]
and quantum dots (0D)[3] for optical applications (LEDs, lasers, quantum computing,
single photon emitters) [3]; as well as metal multiwall nanoboxes and nanoframes for 3D
plasmonics.
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Quantum Dots (QDs)
0D Quantum Structure

Quantum Wells (QWs) JQuantum Wires (QWRs)
2D Quantum Structure § 1D Quantum Structure

n, = i E E (i)
gv: 3 DT
< 1 n=1
n, =2
n,=2 n=1
n,=1
n=1
: S [ | . ) | E—
= . n=y
Vi DoS Y DOS n=1  DOY
ke (1D confined) (2D confined) (3D confined)

Figure 1. Sketches of different quantum structures classified by their dimensionality: (a)
Quantum Wells or 2D structures (QWSs); (b) Quantum Wires or 1D structures (QWRS);
(c) Quantum Dots or 0D structures (QDs). (f) Experimental STEM andHRTEM images
of the quantum structures, QWs, QWRs and QDs, respectively
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What can electron diffraction tomography do for you?
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Keywords: diffraction tomography, phase identification, orientation
relationship, structure solution and refinement

Electron diffraction tomography (EDT) provides 3D information about the reciprocal
space of studied material. It was originally developed for data collection with the aim of
structure solution as an analogue of rotation method used in-say crystallography.
However, the 3D information on reciprocal space can be used in many ways, from simpl
phase identification to determination of orientation relationship between precipitate and
matrix to more complex tasks such as structure solution and refinement. ThEDT
experiment is quite simple. Starting with a random crystal orientation, the crystais
sequentially tilted in a range (usually 90120deg), and a diffraction pattern is recorded at
every tilt step (usually 1deg). It can be done manually or automatically, possibly with
limited input needed from the user to check the sample position duringilting. Sampling
of the reciprocal space obtained by EDT is much finer than collecting oriented zongis
patterns, but one degree step is still quite coarse. If the Bragg condition for a reflection
falls between the steps, its intensity may be severely uwerestimated. This
undersampling problem can be solved in two different ways: by precession EDT (PEDT)
[1] and rotation EDT (REDT) [2]. The complete 3D diffraction information (even with the
missing wedge) allows for measuring all lattice parameters, whichtogether with
chemical information obtained by EDS analysis leads to much easj@nase identification
compared to using oriented diffraction patterns. When more phases are present, their
orientation relationship can be determined from the EDT data once ¢h lattice
parameters of individual phases are found. Orientation of the basis vectors of the
reciprocal lattice with respect to the orthogonal system of the microscope is given by
orientation matrix. Therefore, from two orientation matrices the orientation relationship
between two crystals can be calculated. As an example, orientation of Mgfmecipitate

in Mg matrix is shown in Fig. b. Structure determination and refinementfrom EDT data
has made an enormous progress over the past few years. At presesamplex structures
with hundreds of atoms in the unit cell can be solved. As an example, structure of MgZn
precipitate is shown in Fig. ,d. The initial model for the refinement is typically
optimized using the kinematical approximation for the calculatbn of model diffracted
intensities. This approximation is quite inaccurate for electron diffraction and leads to
high figures of merit and inaccurate results with unrealistically low standard
uncertainties. The obvious remedy to the problem is the use ofydamical diffraction
theory to calculate the model intensities in structure refinement. This technique can be
used not only on oriented zoneaxis patterns [3] but also on nororiented patterns
acquired by PEDT.
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Figure 1. MgZn2 precipitate in Mgmatrix. (a) BF image, (b) section through the
experimental 3D reciprocal map showing orientation relationship, (c,d) results of
structure solution (c) map of electrostatic potential (d) structural model.
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Quantitative element/site -selective microanalysis using
high -angular resolution electron channeled x -ray/electron
spectroscopy

Shun Muto (1), Kazu Tatsumi (1), Masahiro Ohtsuka (2)
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2) Graduate Scool of Engineering, Nagoya University, Nagoya 48303, Japan

Keywords: scanning transmission electranicroscopy, electron energhpss
spectroscopy, energglispersive xay spectroscopy, beasrocking, electron
channeling

The current stateof-the-art scanning transmission electron microscope (STEM)
equipped with aberration correctors allows us handy for atmic scale imaging and
elemental/electronic structural analysis, due to its highbrightness electron source and
highly focused subatomic probe size available. The technique inevitably leads to a
drawback associated with a high density of focused electron pbe and its small
illuminating area (i.e., a small number of sampling points), so that the probe can drill the
sample or otherwise the obtained data may contain high level noise accordingly. We have
hence been engaged in an alternative microanalysis methpéhstead of exploiting the
atomic resolution in real space, using inelastic scattering by channeled electrons in a
crystal. The method takes advantage of the high angular resolution intrinsic to TEM, and
xA EAOA AAOGAIT T PAA Al OHETEEAC BAMDA-AS hA 1 xAEAMOADA 1T A 10DAA(
loss spectroscopy (EELS), energy/wavelength dispersive-ray spectroscopy (E/WDXS)
and cathodoluminescence (CL) are implemented in a single STEM.

The concept of the present element/site selective microanalysis is schematically shown
in Fig. 1, where the incident electron beam is rocked about a pivot point on a sample,
acquiring the spectroscopic data as functions of the diffraction condition (and th
momentum transfer vector in EELS) with respect to the incident beam direction. The
sample orientation and diffraction condition is monitored by the beam rocking pattern
recorded by the ADF detector. The present method is an extension bigh-angular
resolution electron channeled Xray (electron) spectroscopy HARECX(E)S [1,2],
thereby exploiting element/site selective chemical information of the material associated
with the different electron densities propagating along the specific atomic
planes/columns by varying Bloch wave symmetry excited in the crystalline sample even
from nanoscale areas. The acquired datasets of fluorescentray intensities, coreloss
spectra and light intensities bear information on the local spatial/electronic structures
around the excited elements of interest, which can be quantitatively analyzed by
comparing with theoretical simulations, based on the dynamical elastic/inelastic
electron diffraction theories [3].

We have analyzed rare earth dopants in a metal oxides for avel red light-emitting
material (Eu/Y co-doped CaSnQ) as one of the representative applications of the
present method: the occupation sites of Eu and Y were quantitatively determineloy
EDXSthe valence states of the rare earths by EELAnother application is to elucidate
the site occupancies of a trace element in #ype strontium ferrite, where doped Co
occupies 5different Fe sites to improve the cohesive force of the material.
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Figure 1. Schematic diagram of element/site selective microanalysis using integrated
SpectroscopicSTEM.
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Variation of energy density of states in quantum dot arrays
due to interparticle electronic coupling

Manca Logar (1)
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Ordered arrays of colloidal quantum dots (superlattices) exhibiting collective optical and
electrical phenomena have gained considerable interest among the scientifismmunity,
with promising applications in photovoltaics, optoelectronics, information technology,
and catalysis. Mediated by capping ligands, the quantum dots (QDs) can be treated as
artificial atoms and assembled into higher order nanostructures such as rtamaterials
and supraparticles. These structures have programmable physical and chemical
properties, widening the array of available functional materials for relevant
applications.Gaining indepth insight into the electronic coupling phenomena among the
QD arrays is of great importance for the precise engineering of superstructures. Most
work in the area is presently focused on the effect of different capping ligands on
electron energies. On a macroscopic level, the effect is seen as a red shift of thicalp
absorption peak as the interparticle distance decreases in thin films of monodisperse
QDst However, such red shifting can be caused by changes in the dielectric
environment in addition to changes in electronic coupling between the dots. It is
difficult to isolate these factors when examining the macroscopic optical transition
energies of the arrays, especially considering the inhomogeneity in the dielectric
environment introduced by the inevitable size and shape variation of the QDs in the
sample On the microscopic level, scanning tunneling microscopy and spectroscopy
(STMSTS) have been used to investigate the electronic local density of states (LDOS) of
single nanoparticlesand their superlattice films. Band gap reduction was verified by
comparing the density of states in isolated and arrayed QDs. We present localized
measurements of the electronic energy structure of lead sulfide (PbS) QD pairs, as well as
spatial variation in the lowest available electron transition energy (LATE) in a set of
monodisperse QD superlattices capped with different size ligands. Subnometer
resolved local electron energy structure was measured in PbS quantum dot superlattice
arraysby using electron energyloss spectroscopy in a (scanning) transmission electron
microscope [(S)TEMEELSE The spatial resolution of this technique allows independent
measurement of the joint local density of states (JLDOS) inside of and between individual
QDs. We found an increased density of electronic states in the space between quant
dots with shorter interparticle spacing, indicating extension of quantum dot
wavefunctions as result of interparticle electronic coupling. In addition to reproducing
previously observed changes in the macroscopic band gap of the lattices, our results
reveal changes in the local electronic structure in between QDs as their spacing is
diminished, providing direct experimental observation of electronic coupling of the dots.
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Figure 1. HRTEM images of of PbS quantum dot arrays capped by (a) butylami@éd),

(b) octylamine (C8), (c) dodecylamine (C12), and (d) oleic acid (C18). (e) Schematic
showing variation in spacing of QDs as a function of ligand length. Average values of d1,
d2, d3, and d4 are 0.6 nm, 1.0 nm, 1.5 nm, and 2.0 nm. Figure 2. Varigionthe lowest
available electron transition energy (LATE) across neighboring PbS QDs with different

interparticle spacings

LATE line profiles across QDs capped by (a) butylamine, (b)

octylamine, (c) dodecylamine, and (d) oleic acid. Figure 3. 2D mapsintegrated EELS

signal intensity over the energy range 0.2 eV and EELS spectra taken at the locations of
the white dots over PbS QDs capped by (a) butylamine, (b) octylamine, (c) dodecylamine,
and (d) oleic acid.
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Figure 2. Variations in the lowest ®ailable electron transition energy (LATE) across
neighboring PbS QDs with different interparticle spacings. LATE line profiles across QDs

capped by (a) butylamine, (b) octylamine, (c) dodecylamine, and (d) oleic acid.
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Figure 3. 2D maps of integrated ELS signal intensity over the energy range 0-2 eV and
EELS spectra taken at the locations of the white dots over PbS QDs capped by (a)
butylamine, (b) octylamine, (c) dodecylamine, and (d) oleic acid.
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In-situ observation of graphene growth dynamics by
environmental scanning electron microscopy

Marc Georg Willigner(1), ZhuJurl Wang (1), Gisela Weinberg (1), Robert
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As opposed to conventional electron microscog where materials are mostly studied in
vacuum and close to ambient temperaturejn-situ electron microscopy enables the
investigation of materials under an external physical (mostly mechanical, electrical, or
optical) or chemical stimulus. Especially inthe field of heterogeneous catalysis,
observations of dynamic processes that are induced by the chemical potential of a gas
phase are a key for a mechanistic understanding.

In recent years, the potential ofn-situ transmission electron microscopy has wigly been
recognized. Commercially available instruments as well as dedicateid-situ sample
holders have further contributed to an increased availability of the technique and its
growing popularity.

In my presentation | will demonstrate the potential of in-situ scanning electron
microscopy. Although that instrument does not provide comparable resolution, it has
quite a potential for the study of dynamics that are either too fast for the temporal
resolution of most TEMs or for observations at a length scaknd lateral resolution that
is similar to that obtainable with other techniques such ain-situ XPS, Raman or XRD

Using a modified environmental scanning electron microscope (ESEM) we have studied
the metal catalyzed chemical vapor deposition (CVD) gral of graphene under relevant
low-pressure CVD conditions. It will be shown thatin-situ SEM allows visualizing
OO0OOAOO0AI AUl ATEAO 1 4&# OEA AAOEOA AAOAI UOGO
simultaneously the formation and growth of atomically thin single lagr graphene can be
studied in an unparalleled way. The experiments inside the chamber of the ESEM enable
the observation of a complete CVD process from substrate annealing through graphene
nucleation and growth and, finally, substrate cooling in real time&nd nanometerscale
resolution without the need of sample transfer. A strong dependence of surface dynamics
such as sublimation and surface prenelting on grain orientation is demonstrated, and
the influence of substrate dynamics on graphene nucleation angrowth is presented.
Insights on the growth mechanism are provided by a simultaneous observation of the
growth front propagation and nucleation rate. Furthermore, the role of trace amounts of
oxygen during growth is discussed and related to graphene inded surface
reconstructions during cooling.
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Figure 1 (a) Snapshots recorded during irsitu SEM imaging of graphene growth. (b)
Nucleation and growth behavior versus time.
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