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PROGRAM OVERVIEW 
Sunday, 26. April 2015  
 
17:00   REGISTRATION & POSTER SET UP (Lobby) 
18:00   OPENING CEREMONY (Lecture hall 1) 
18:30   KEYNOTE LECTURE (Lecture hall 1) 
19:30   WELCOME PARTY (Lobby) 
 
Monday, 27. April 2015.  
 
9:00-10:20 PLENARY LECTURES (Lecture hall 1) 
10:20-10.50 COFFEE BREAK   
10:50-11:50 INVITED LECTURES / PARALLEL SESSIONS 
11:50-12:30 SELECTED LECTURES / PARALLEL SESSIONS 
12:30-13:30 LUNCH BREAK  
13:30- 14:10 EQUIPMENT PRESENTATION(Lecture hall 1) 
  INEL / LEICA 
  MIKRO+POLO 
14:20-15:20 INVITED LECTURES / PARALLEL SESSIONS 
15:20-15:40 EQUIPMENT PRESENTATION / PARALLEL SESSIONS 
  JEOL / SCAN 
15:40-16:00 SELECTED TALKS / PARALLEL SESSIONS 
16:00-17:30 POSTER SESSIONS / REFRESHMENTS (Lobby) 
19:00  ZADAR BY NIGHT TOUR 
 

Tuesday, 28. April 2015  
 
9:00-10:20 PLENARY LECTURES (Lecture hall 1) 
10:20-10.50 COFFEE BREAK   
10:50-11:50 INVITED LECTURES / PARALLEL SESSIONS 
11:50-12:30 SELECTED LECTURES / PARALLEL SESSIONS 
12:30-13:30 LUNCH BREAK  
13:30-19:00 EXCURSION - NATIONAL PARK KRKA 
20:00   GALA DINNER 
 
Wednesday, 29. April 2015  
 
9:00-10:20 PLENARY LECTURES (Lecture hall 1) 
10:20-10.50 COFFEE BREAK   
10:50-11:50 INVITED LECTURES / PARALLEL SESSIONS 
11:50-12:30 SELECTED LECTURES / PARALLEL SESSIONS 
12:30  CLOSING 
12:50-14:20 LUNCH  
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Sunday, 26. April 2015 

17:00  REGISTRATION & POSTER SET UP (Lobby) 

18:00   OPENING CEREMONY (Lecture hall 1) 

18:30   KEYNOTE LECTURE (Lecture hall 1) 

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

19:30   WELCOME PARTY (Lobby) 

 

Monday, 27. April 2015. 

9:00-10:20 PLENARY LECTURES (Lecture hall 1) 

  Paul Dyson: Streptomyces development: imaging from outside in  

  6ÅÌÉÍÉÒ 2Ȣ 2ÁÄÍÉÌÏÖÉçȡ Aberration corrected microscopy of functional 
  oxide nanowires at atomic scale 

10:20-10.50 COFFEE BREAK   

10:50-11:50 INVITED LECTURES / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

 
Paul Herron: Imaging chromosome 
segregation in Streptomyces 
coelicolor 

 
-ÉÒÁÎ IÅÈȡ High-resolution 
STEM Investigations of SrO-
doped Sr(Ti,Nb)O3 and In2O3-
doped ZnO oxide 
thermoelectrics 
 
 

 
Karim Benihoud: Increased uptake 
by Kupffer cells and reduced liver 
transduction and toxicity following 
serotype 5 adenovirus pseudotyping 
with serotype 3 fiber 
 

 
Jordi Arbiol: Direct 
correlation between optical 
properties at sub-nanometer 
scale and structure at atomic 
scale, in-situ performance in a 
STEM 
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11:50-12:30 SELECTED LECTURES / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

 
Suzana £ÅÇÏÔÁ Nanoparticle 
clustering within lipid membranes 
induced by surrounding medium. 
nanomechanical and thermotropic 
study on model lipid membranes 

 
Milivoj Plodinec : Increased 
photoconductivity in 
BaTiO3/TiO2 composites 
 
 

 
6ÉÄÁ IÁÄÅĿȡ Biomineral structures 
of aragonite in marine mollusks at 
the nanoscale: FESEM and AFM 
studies 

 
Igor Djerdj : Novel mixed 
phase sno2 nanorods for 
enhancing gas-sensing 
performance towards 
isopropanol gas  

12:30-13:30 LUNCH BREAK  

13:30-14:10 EQUIPMENT PRESENTATION (Lecture hall 1) 

  INEL / LEICA 

  MIKRO+POLO 

14:20-15:20 INVITED LECTURES / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

%ÖÁ "ÜÒÔÏÖÜȡ Confocal microscopy 
and DNA repair studies in living cells  

Mariana +ÌÅÍÅÎÔÏÖÜ: What 
can electron diffraction 
tomography do for you? 

 
Sonja Levanat: Imaging the Hh-Gli 
signaling network in various tumor 
types 

Shunsuke Muto  Quantitative 
element/site-selective 
microanalysis using high-
angular resolution electron 
channeled x-ray/electron 
spectroscopy 

15:20-15:40 EQUIPMENT PRESENTATION / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

SCAN / JEOL SCAN / JEOL  
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15:40-16:00 SELECTED TALKS / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

 
Danijela Poljuha: Once upon a time, 
there were women in microscopy 
sciences in Croatia 

Ognjen Milat: Four-
dimensional crystallography of 
Ca.83CuO2 composite crystal; 
an electron and X-ray 
diffraction study  

16:00-17:30 POSTER SESSIONS / REFRESHMENTS (Lobby) 

19:00  ZADAR BY NIGHT TOUR 
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Tuesday, 28. April 2015 

9:00-10:20 PLENARY LECTURES (Lecture hall 1) 

  Jan Faix: Formin-generated actin filaments in the rear of polarized cells 
  are utilized by myosin II to drive motility 

  Ute Kaiser : Strategies of imaging low-dimensional electron-beam-
  sensitive objects with low-voltage aberration-corrected TEM 

10:20-10:50 COFFEE BREAK   

10:50-11:50 INVITED LECTURES / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

 
Till Bretschneider : Image-based 
modelling of cellular blebbing 
 

 
Manca Logar: Variation of 
energy density of states in 
quantum dot arrays due to 
interparticle electronic 
coupling 

 
Alon Kalo : Cellular levels of 
ÓÉÇÎÁÌÉÎÇ ÆÁÃÔÏÒÓ ÁÒÅ ÓÅÎÓÅÄ ÂÙ ɼ-
actin alleles  to modulate 
transcriptional pulse intensity 
 

 
Marc Willinger:  In-situ 
observation of graphene 
growth dynamics by 
environmental scanning 
electron microscopy 

11:50-12:30 SELECTED LECTURES / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

 
Adriana Lepur : Exploring protein-
protein interactions of S-adenosyl 
homocysteine hydrolase (SAHH) 
using bi-molecular fluorescence 
complementation (BiFC) 

 
Tea Zubin Ferri : Microscopic 
and micro-spectroscopic 
techniques for pigment and 
binder investigation on the 
ȵ#ÒÕÃÉÆÉØÉÏÎȰ ÏÆ 'ÉÁÎÆÒÁÎÃÅÓÃÏ 
da Tolmezzo 
 

Vitalijs Zubkovs : Living cells 
viability study after 200 kHz laser 
illumination in a wide-field two-
photon microscope 

.ÅÎÁÄ 4ÏÍÁĤÉç: Micro- and 
nano-features of kaolin 
aggregates as a result of 
weathering processes 

12:30-13:30 LUNCH BREAK  

13:30-19:00 EXCURSION - NATIONAL PARK KRKA 

20:00  GALA DINNER 
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Wednesday, 29. April 2015 

9:00-10:20 PLENARY LECTURES (Lecture hall 1) 

  Agnes Kittel : Emerging role of extracellular vesicles 

  Chantal Pichon : E3-14.7K peptide that promotes microtubules  
  mediated transport of plasmid DNA increases polyplexes transfection 
  efficiency 

10:20-10:50 COFFEE BREAK   

10:50-11:50 INVITED LECTURES / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

 
Boris Turk : Imaging cathepsins: 
from cellular processes to in vivo 
diagnostics 
 

 
"ÏĤÔÊÁÎ *ÁÎéÁÒ: Structural 
diversity of thermoelectric 
cobaltates 

-ÁÒÉÎ "ÁÒÉĤÉç: Microtubule 
detyrosination guides chromosomes 
during mitosis 

Bella  Pecz: Microscopy of GaN 
devices beyond the blue LED 

11:50-12:30 SELECTED LECTURES / PARALLEL SESSIONS 

LIFE SCIENCE  
(Lecture hall 1) 

MATERIAL SCIENCE 
(Lecture hall 2) 

 
Kiyoshi Kobayashi : Near-field 
optical (SNOM) nanoimaging for glia-
synapse correlations and functions 

 
Ljerka  Slokar : The influence 
of grain size of waste foundry 
sands on removal percentage 
of Copper ions 
 

3ÒÅçËÏ 'ÁÊÏÖÉç: Multiple imaging 
modalities to assess the mouse brain 
after stroke 

Jelena Macan: Porous yttria-
stabilized zirconia for bone 
implants 

12:30  CLOSING 

12:50-14:20 LUNCH  
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KEYNOTE LECTURE 

 

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

Rainer Pepperkok (1) 

ρɊ %-", -ÅÙÅÒÈÏÆÓÔÒȢρȟ φωρρχ (ÅÉÄÅÌÂÅÒÇȟ 'ÅÒÍÁÎÙ  

We have developed an organelle knock-out approach in which we remove by laser nano-
surgery the entire Golgi complex from living cells and subsequently follow by time-lapse 
ÁÎÄ ÅÌÅÃÔÒÏÎ ÍÉÃÒÏÓÃÏÐÙ ÁÎÁÌÙÓÉÓ ÔÈÅ Ȱ'ÏÌÇÉ-ÌÅÓÓȱ ËÁÒÙÏÐÌÁÓÔȢ 4ÈÅ ÄÁÔÁ ÏÂÔÁÉÎÅÄ ÓÔÒÏÎÇÌÙ 
support the hypothesis of a de novo Golgi biosynthesis. 

In order to identify putative molecules involved in this de novo Golgi biogenesis, we have 
developed and applied functional assays to assess the effect of knock-ins by cDNA over-
expression and knock-downs by RNAi, 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) 

ρɊ 3×ÁÎÓÅÁ 5ÎÉÖÅÒÓÉÔÙȟ )ÎÓÔÉÔÕÔÅ ÏÆ ,ÉÆÅ 3ÃÉÅÎÃÅȟ #ÏÌÌÅÇÅ ÏÆ -ÅÄÉÃÉÎÅȟ 3ÉÎÇÌÅÔÏÎ 0ÁÒË 3!ς 
ψ00ȟ 3×ÁÎÓÅÁȟ 5ÎÉÔÅÄ +ÉÎÇÄÏÍ  

+ÅÙ×ÏÒÄÓȡ 3ÔÒÅÐÔÏÍÙÃÅÓȟ ÄÅÖÅÌÏÐÍÅÎÔȟ ÃÅÌÌ ÄÉÖÉÓÉÏÎȟ ÍÉÃÒÏÓÃÏÐÙ 

Streptomyces coelicolor is 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 life-cycle. In particular, Atomic Force Microscopy of living cells 
offers a unique insight into changes in the cell surface during development. Combining 
genetic approaches with a variety of imaging techniques can provide understanding of 
complex biological processes. Unlike in other bacteria, cell division genes in Streptomyces  
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 that in 
vitro  assays can overlook.  In addition, we have also focused on developmentally 
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 self-assemble 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.  

2ÅÆÅÒÅÎÃÅÓȡ $ÅÌ 3ÏÌ 2ȟ !ÒÍÓÔÒÏÎÇ )ȟ 7ÒÉÇÈÔ #ȟ $ÙÓÏÎ 0Ȣ *ÏÕÒÎÁÌ ÏÆ "ÁÃÔÅÒÉÏÌÏÇÙ ρψω ɉςππχɊ 
ςςρω-ςυȢ  -ÉÓÔÒÙ "6ȟ $ÅÌ 3ÏÌ 2ȟ 7ÒÉÇÈÔ #ȟ &ÉÎÄÌÁÙ +ȟ $ÙÓÏÎ 0Ȣ *ÏÕÒÎÁÌ ÏÆ "ÁÃÔÅÒÉÏÌÏÇÙ ρωπ 
ɉςππψɊ υυυυ-φφȢ ͺØππππͺ&ÁÃÅÙ 0$ȟ (ÉÔÃÈÉÎÇÓ -$ȟ 3ÁÁÖÅÄÒÁ-'ÁÒÃÉÁ 0ȟ &ÅÒÎÁÎÄÅÚ-
-ÁÒÔÉÎÅÚ ,ȟ $ÙÓÏÎ 0* ÁÎÄ $ÅÌ 3ÏÌ  2 -ÏÌÅÃÕÌÁÒ -ÉÃÒÏÂÉÏÌÏÇÙ χσ ɉςππωɊ ρρψφɀρςπς  
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Fig. 1. The life cycle of S. coelicolor. Images were obtained either by fluorescence 
microscopy of fluo-vancomycin stained hyphae, or by Atomic Force Microscopy. From: P 
Dyson. Streptomyces. Encyclopedia of Microbiology. (Moselio Schaechter, Editor), pp. 
318-332 Elsevier (2009). 
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Aberration corrected microscopy of functional oxide 
nanowires at atomic scale  

6ÅÌÉÍÉÒ 2Ȣ 2ÁÄÍÉÌÏÖÉç ɉρ, 2) 

ρɊ .ÁÎÏÔÅÃÈÎÏÌÏÇÙ ÁÎÄ &ÕÎÃÔÉÏÎÁÌ -ÁÔÅÒÉÁÌÓ #ÅÎÔÅÒȟ &ÁÃÕÌÔÙ ÏÆ 4ÅÃÈÎÏÌÏÇÙ ÁÎÄ 
-ÅÔÁÌÌÕÒÇÙȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ "ÅÌÇÒÁÄÅȟ +ÁÒÎÅÇÉÊÅÖÁ τȟ ρρρςπ "ÅÌÇÒÁÄÅȟ 3ÅÒÂÉÁ  

ςɊ 3ÅÒÂÉÁÎ !ÃÁÄÅÍÙ ÏÆ 3ÃÉÅÎÃÅÓ ÁÎÄ !ÒÔÓȟ +ÎÅÚ -ÉÈÁÉÌÏÖÁ συȟ ρρπππȟ "ÅÌÇÒÁÄÅȟ 3ÅÒÂÉÁ 

Keywords: HAADF, ZnO nanowires, indium diffusion, thermoelectric 

Recently we discovered a novel method to produce M2O3(ZnO)n polytypoid nanowires 
(MZO, where M could be In, Ga, Fe, and other tri-valent metals) by a facile solid state 
diffusion process and to control their microstructure at atomic level [1,2]. Due to to 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 thermoelectrics is related to the material-
dependent figure of merit, zT=S2ʎT/k, where S, ʎ, 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 
scattering.Using high angle annular dark field (HAADF) scanning transmission electron 
microscopy (STEM) imaging we performed a detailed structural analysis on the In2-

xGaxO3(ZnO)n nanowires. Fig. 1a is a HAADF image of a IGZO nanowire clearly showing 
the presence of In-enriched layers (bright lines) perpendicular to the [002] direction. 
High-resolution ( HR)-HAADF image in Fig. 1b shows that the In atoms sit on individual 
planes and are separated by wurtzite MZnnO(n+1)

+  slabs of varying thickness. The O atoms 
on the edges of the MO2

ɀ  octahedral layers are each bonded to three In/Ga atoms and 
one metal atom within the MZnnO(n+1)

+  layer. This creates an inversion domain boundary 
(IDB) in the wurtzite lattice since the Zn-O bonds on either side of the octahedral layer 
point with the O atoms toward the In/Ga layer (tail -to-tail configuration). The MO2

ɀ  
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 (Figure 1c). The ends of these partial inclusions are usually 
associated with edge dislocations with the dislocation line lying at the leading edge of the 
MO2

ɀ  ÐÌÁÎÅȢ -ÏÉÒï ÉÍÁÇÅÓ ÔÁËÅÎ ÁÌÏÎÇ ÔÈÅ ππς ÁÎÄ ρπς ÒÅÆÌÅÃÔÉÏÎÓ ÃÌÅÁÒÌÙ ÓÈÏ× ÔÈÅ 
presence of the edge dislocations. 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 generated through a defect-assisted 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 perform a quantitative analysis of the change in 
superlattice inclusion density and periodicity with metal deposition. In summary, 
M2O3(ZnO)n  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 nanometer-scale 
features could be the key to developing next-generation thermoelectric materials.  

2ÅÆÅÒÅÎÃÅÓȡ ɍρɎ 3Ȣ#Ȣ !ÎÄÒÅ×Ó ÅÔ ÁÌȢȟ #ÈÅÍÉÃÁÌ 3ÃÉÅÎÃÅȟ ς ɉςπρρɊ χπφ-χρτȢ ɍςɎ !Ȣ0Ȣ 'ÏÌÄÓÔÅÉÎ 
ÅÔ ÁÌȢȟ !#3 .ÁÎÏȟ χ ɉςπρσɊρπχτχ-ρπχυρȢ ɍσɎ ,Ȣ $Ȣ (ÉÃËÓ ÁÎÄ -Ȣ 3Ȣ$ÒÅÓÓÅÌÈÁÕÓȟ 0ÈÙÓȢ 2ÅÖȢ " 
τχ ɉρωωσɊ ρφφσρȢ  4%- ÈÁÓ ÂÅÅÎ ÐÅÒÆÏÒÍÅÄ ÁÔ ÔÈÅ .ÁÔÉÏÎÁÌ #ÅÎÔÅÒ ÆÏÒ %ÌÅÃÔÒÏÎ 
-ÉÃÒÏÓÃÏÐÙȟ ,".,ȟ "ÅÒËÅÌÅÙȟ ÓÕÐÐÏÒÔÅÄ ÂÙ ÔÈÅ $ÉÒÅÃÔÏÒȟ /ÆПÉÃÅ ÏÆ "ÁÓÉÃ %ÎÅÒÇÙ 3ÃÉÅÎÃÅÓȟ 
-ÁÔÅÒÉÁÌÓ 3ÃÉÅÎÃÅÓ ÁÎÄ %ÎÇÉÎÅÅÒÉÎÇ $ÉÖÉÓÉÏÎȟ ÏÆ ÔÈÅ 5Ȣ3Ȣ $ÅÐÁÒÔÍÅÎÔ ÏÆ %ÎÅÒÇÙ ÕÎÄÅÒ 
#ÏÎÔÒÁÃÔ .ÏȢ $%-!#πς-πυ#(ρρςσρȟ ÁÎÄ ÁÔ &%,-) ,ÁÂ ÁÔ 4ÅÃÈÎÉÃÁÌ 5ÎÉÖÅÒÓÉÔÙ ÉÎ 'ÒÁÚȟ 
!ÕÓÔÒÉÁȢ 62 ÁÃËÎÏ×ÌÅÄÇÅÓ ÓÕÐÐÏÒÔ ÂÙ ÔÈÅ -ÉÎÉÓÔÒÙ ÏÆ %ÄÕÃÁÔÉÏÎȟ 3ÃÉÅÎÃÅ ÁÎÄ 
4ÅÃÈÎÏÌÏÇÉÃÁÌ $ÅÖÅÌÏÐÍÅÎÔ ÏÆ ÔÈÅ 2ÅÐÕÂÌÉÃ ÏÆ 3ÅÒÂÉÁȟ ÕÎÄÅÒ ÐÒÏÊÅÃÔ .ÏȢ ρχςπυτ ÁÎÄ 
.ÁÎÏÔÅÃÈÎÏÌÏÇÙ ÁÎÄ &ÕÎÃÔÉÏÎÁÌ -ÁÔÅÒÉÁÌÓ #ÅÎÔÅÒȟ ÆÕÎÄÅÄ ÂÙ ÔÈÅ %# &0χ ÒÅÇÐÏÔ ÐÒÏÊÅÃÔ 
.ÏȢ ςτυωρφȢ 

 

 

Figure 1. a) STEM image of IGZO nanowire; b) High resolution HAADF image of an IGZO 
nanowire; c) HR-HAADF image of IGZO oriented on the [010] zone axis with two 
incomplete MO2- ÌÁÙÅÒÓ ÁÎÄ ÔÈÅ ÃÏÒÒÅÓÐÏÎÄÉÎÇ &&4Ƞ -ÏÉÒï ÉÍÁÇÅÓ ÔÁËÅÎ ÕÓÉÎÇ ÔÈÅ ππς 
and 102 reflections. 
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Formin -generated actin filaments in the rear of polarized 
cells are utilized by myosin II to drive motility  

Jan Faix (1) 

ρɊ (ÁÎÎÏÖÅÒ -ÅÄÉÃÁÌ 3ÃÈÏÏÌȟ #ÁÒÌ-.ÅÕÂÅÒÇ-3ÔÒȢ ρȟ σπφςυ (ÁÎÎÏÖÅÒȟ 'ÅÒÍÁÎÙ  

Keywords: actomyosin, cell motility, contractility, formin,  

Eukaryotic cells can move by distinct modes of action. Fast amoeboid cell migration, as 
utilized by immune cells or Dictyostelium amoebae, is characterized by weak adhesion, 
formation of actin-rich pseudopods or hydrostatic pressure-driven blebs in their fronts 
and myosin II driven contractility in the rear. However, it remained poorly understood 
how the contractile machinery is constituted in the trailing edge to achieve efficient 
front -back coupling and how this system is localized. Here we identify Diaphanous-
related formin A (ForA) from Dictyostelium discoideum that nucleates and elongates actin 
filaments in vitro, and show that it acts in concert with IQGAP-related proteins, the anti-
parallel actin crosslinker cortexillin (Ctx), and myosin II 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 II, demonstrating that a more fragile cell cortex can even 
enhance contractility -assisted cell migration. When compressed under agar, however, 
ForA-null cells were unable to efficiently migrate, collectively suggesting that myosin II 
specifically utiliz es ForA-generated and Ctx-bundled actin filaments to generate a 
resilient contractility machinery in the rear. This was further corroborated by imaging of 
GFP-tagged myosin II in wild-type and forA-null cells in 2D-confined environments, and 
revealed that in contrast to wild-type cells, the mutant constantly formed blebs in 
regions with highest myosin II accumulation in the rear. Finally, we show that the 
localization of ForA abides the established phosphoinositide gradients in polarized cells 
due to its PI(4,5)P2-specific C2 domain. 
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Strategies of imaging low -dimensional elect ron -beam-
sensitive objects with low -voltage aberration -corrected 

TEM  

Ute A. Kaiser (1)   

ρɊ -ÁÔÅÒÉÁÌÓ 3ÃÉÅÎÃÅ %ÌÅÃÔÒÏÎ -ÉÃÒÏÓÃÏÐÙȟ 5ÌÍ 5ÎÉÖÅÒÓÉÔÙȟ !ÌÂÅÒÔ-%ÉÎÓÔÅÉÎ-!ÌÌÅÅ ρρȟ 
ψωπψρ 5ÌÍȟ 'ÅÒÍÁÎÙ 

Structural and electronic properties of different low-dimensional electron-beam-
sensitive crystalline (graphene [1], ion-implanted graphene [2], MoS2 [3], MoSe2, SiO2 [4], 
CN [5], square ice [6] (Fig. 1a), transition-metal clusters [7]) and amorphous (monolayer 
carbon, SiO2 [8] ) objects as well as a new structure of crystalline AuC [9] (Fig. 1b,c) are 
obtained by analytical low-voltage aberration-corrected transmission electron 
microscopy following three main strategies: (1) Theory and image processing: For exact 
calculation of the contrast of dose-limited high-resolution TEM images for low-Z 
materials at low voltages, image theory and image processing needs to be improved 
taking into account elastic and inelastic scattering [10-11]. (2) Sample preparation: We 
demonstrate our method to clean graphene [12]. We show that sandwiching clean 
radiation-sensitive low-dimensional objects in-between two graphene layers [13] or 
embedding them into single-walled carbon nanotubes [14] allows to reduce electron-
induced damage of the objects. (3) Low-voltage transmission electron microscope: We 
outline our unique voltage-tunable (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 HRTEM 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 double layer of AuC-clusters in a NaCl-crystal structure (scale bars: 1 nm). 
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Emerging role of extracellular vesicles  

Agnes Kittel (1)ȟ 8ÁÂÉÅÒ /ÓÔÅÉËÏÅÔØÅÁς ɉςɊȟ +ÁÔÁÌÉÎ 3ÚÁÂĕ-Taylor (2), 
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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 range of 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).  However, 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 even the 
nomenclature is still being defined. Our research group has focused on establishing 
standard methodology of extracellular vesicle purification and characterization.  During 
our work we realized that up till now most published work regarding extracellular 
vesicles used protein determination 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 non-vesicular events, and thus, 
can also often lead 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 novel 
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 
technique which is able to visualize  vesicular and non-vesicular particles in the whole 
size range of the vesicle population. 
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2ÅÆÅÒÅÎÃÅÓȡ ρȢ 'ÅǲÚÁ 4 3ÚÁÂÏǲ ÅÔ ÁÌȢȟ #ÅÌÌȢ -ÏÌȢ ,ÉÆÅ 3ÃÉȢ ɉςπρτɊ  $/) ρπȢρππχȾÓπππρψ-πρτ-
ρφρψ-Ú ςȢ "ÅÎÃÅ 'ÙÏȃÒÇÙ ÅÔ ÁÌȟ "ÌÏÏÄ ɉςπρρɊ ÄÏÉȡρπȢρρψςȾÂÌÏÏÄ-ςπρπ-πω-σπχυωυ σȢ 
8ÁÂÉÅÒ /ÓÔÅÉËÏÅÔØÅÁ ÅÔ ÁÌȢȟ 0ÌÏÓ /ÎÅ ɉςπρυɊ ÉÎ ÐÒÅÓÓȢ  

 

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  

Chantal Pichon (1) and Patrick Midoux (1)  

ρɊ #ÅÎÔÒÅ ÄÅ "ÉÏÐÈÙÓÉÑÕÅ -ÏÌÅǲÃÕÌÁÉÒÅȟ #.23 502τσπρȟ )ÎÓÅÒÍ ÁÎÄ 5ÎÉÖÅÒÓÉÔÙ ÏÆ /ÒÌÅǲÁÎÓȟ 
τυπχρ /ÒÌÅǲÁÎÓ ÃÅÄÅØ πςȟ &ÒÁÎÃÅ  

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 
(Pichon et 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 al. 2000). 

We have identified a 20 amino-acids peptide (P79-98) of the E3-14.7K early adenoviral 
protein interacting with the Dynein light chain TCTEL1 via FIP-1 known as RagA. 
Colocalization experiments and FLIM-FRET experiments were performed to state about 
the interactions between E3-14.7K, endogenous FIP-1, Dynein light chain TCTEL1 and 
pDNA. Videomicroscopy and Single Particle Tracking clearly demonstrate that the 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 non-directional 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 cells. No improvement was 
observed with a peptide that interacts directly to dynein. In 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 liposomes was not improved 
suggesting that the peptide could be hidden after the multi-lamellar assembly of 
lipoplexes.   

Our results demonstrate for the first time that in vitro and in vivo non viral gene transfer 
can be drastically increased when pDNA is conjugated with a FIP-1 interacting 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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Keywords: bacteria, chromosome segregations, time lapse 

The reconciliation of mono-directional tip extension with bidirectional chromosome 
segregation represents a key challenge to organisms that undergo polarized growth such 
as the filamentous bacterium, Streptomyces coelicolor. In order to understand this 
process, we have developed Fluorescence Reporter Operator Sytem for chromosome 
segregation in S. coelicolor. We used in vitro transposon mutagenesis to deliver 120 
copies of the tet operator (tetO) arrayed in tandem to an oriC-proximal site within the S. 
coelicolor chromosome. By fusing the cognate repressor protein (TetR) to mCherry and 
eGFP, we have visualized binding of TetR to the tandem 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 in this complex filamentous bacterium that 
permits chromosome colonization of the extending tips as well as apex-distal branches. 
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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 previously 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 administration 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 transduction in 
vivo. While both Ad did not show significant 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. Finally, 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 strong impact on in vivo Ad behaviour. 
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Confocal microscopy and DNA repair studies in living cells  

Eva Bartova (1) 

ρɊ )ÎÓÔÉÔÕÔÅ ÏÆ "ÉÏÐÈÙÓÉÃÓȟ !ÃÁÄÅÍÙ ÏÆ 3ÃÉÅÎÃÅÓ ÏÆ ÔÈÅ #ÚÅÃÈ 2ÅÐÕÂÌÉÃȟ ÖȢÖȢÉȢȢ 
+ÒÁǲÌÏÖÏÐÏÌÓËÁǲ ρσυ φρς φυ "ÒÎÏ #ÚÅÃÈ 2ÅÐÕÂÌÉÃ 

+ÅÙ×ÏÒÄÓȡ #ÏÎÆÏÃÁÌ ÍÉÃÒÏÓÃÏÐÙȟ $.! ÒÅÐÁÉÒȟ &2!0ȟ &2%4ȟ ÌÉÖÉÎÇ ÃÅÌÌÓ 

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 radiation-
caused chromatin conformation. For induction of DNA lesions we are using various 
sources of radiation, including UVA lasers or gamma-rays. From the view of various types 
of DNA lesions, by confocal microscopy, we study cell cycle dependent recruitment of 
selected proteins at radiation-damaged chromatin. We apply local micro-irradiation by 
355-nm or 405-nm UVA lasers 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 bioinformatics approaches. Work was supported by Grant Agency of the 
Czech Republic, project No.: 13-07822S. 
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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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In adult organisms, the Hedgehog-Gli 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 (Ptch1), resulting in the de-repression of the co-receptor Smoothened (Smo). 
This triggers a cascade of events in the cytoplasm leading to activation of the 
transcriptio n factors Gli and transcription of their target genes. The Gli proteins are 
ÒÅÇÕÌÁÔÅÄ ÂÙ ÔÈÅ 3ÕÐÐÒÅÓÓÏÒ ÏÆ &ÕÓÅÄ ɉ3Õ&ÕɊȟ ÁÎÄ σ ËÉÎÁÓÅÓȟ ÉÎÃÌÕÄÉÎÇ '3+σɼȟ ÔÈÁÔ 
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 imaging 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 activation in 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 complex with ligand after pathway activation, and 
decreasing the localization of the pathway effector Gli1 in the nucleus after pathway 
inhibition. These results indicate that the Hh-Gli signaling pathway is activated 
canonically in ovarian tumors (Sabol et al 2012). On the other hand, in breast cancer we 
observed a cross-talk between Hh-Gli signaling (Shh ligand) and the estrogen receptor, 
creating a potentially new signaling network (Sabol et al, 2014).  Furthermore, in colon 
cancer cells we observed noncanonical hyperactivation of the pathway caused by the 
ÄÅÒÅÇÕÌÁÔÅÄ ÒÅÇÕÌÁÔÏÒÙ ËÉÎÁÓÅ '3+σɼȢ $ÅÒÅÇÕÌÁÔÅÄ '3+σɼ ÁÃÔÉÖÉÔÙ ÌÅÁÄÓ ÔÏ 
overproduction of activator form of Gli3 and to pathway hyperactivation. Inhibition of 
'3+σɼ ÌÅÁÄÓ ÔÏ ÉÎÃÒÅÁÓÅÄ ÃÏ-localization of GS+σɼ ÁÎÄ 'ÌÉσ ÉÎÄÉÃÁÔÉÎÇ ÉÍÐÒÏÖÅÄ 
ÒÅÇÕÌÁÔÉÏÎ ÏÆ 'ÌÉσ ÐÒÏÃÅÓÓÉÎÇ ÁÎÄ ÒÅÓÕÌÔÓ ÉÎ ÐÁÔÈ×ÁÙ ÄÏ×ÎÒÅÇÕÌÁÔÉÏÎ ɉ'ÏÊÅÖÉç ςπρρȟ 
4ÒÎÓËÉ ςπρυɊȢ 4ÈÉÓ ÓÕÇÇÅÓÔÓ Á ÍÁÊÏÒ ÒÏÌÅ ÆÏÒ ÔÈÅ ÉÎÔÅÒÐÌÁÙ ÏÆ '3+σɼ ÁÎÄ 'ÌÉσ ÉÎ ÔÈÅ 
regulation of this pathway in colon cancer (publication in preparation).  

The importance of investigating Hh-Gli signaling and its mechanisms 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 Hh-Gli pathway regulation, as 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 Hh-Gli 
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 cellular dynamic 
processes. A significant bottleneck, however, is extracting quantitative data from time-
series image data in order to better understand the complex spatio-temporal regulation 
of cellular dynamics. For a number of years we have developed software to 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 Dictyostelium cells [1]. Blebs form under increased intracellular pressure, 
mediated by the action of Myosin-II, 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, and are often found in many other cell 
types moving in 3D environments. It has been a long-standing question how cells could 
direct blebs to the cell front. Using detailed quantitative analysis of blebs we have 
identified a so far over-looked mechanism for localising blebs, which is based on 
inducing negative membrane curvature [2]. In my talk I 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, can explain 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 good 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 negative curvature 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 re-established. Work will be presented on how we 
successively integrate such mechanisms into the model. Our QuimP software for 
analysing cellular morphodynamics is freely available [3]. 

2ÅÆÅÒÅÎÃÅÓȡ ρȢ %Ȣ :ÁÔÕÌÏÖÓËÉÙ ÅÔ ÁÌȢȟ  * #ÅÌÌ "ÉÏÌȢ ςπτ ɉςπρτɊ ρπςχ-ττȢ ςȢ 2Ȣ!Ȣ 4ÙÓÏÎ ÅÔ ÁÌȢȟ 
0ÒÏÃ .ÁÔÌ !ÃÁÄ 3ÃÉ 5 3 ! ρρρ ɉςπρτɊ ρρχπσ-ψȢ σȢ ÈÔÔÐȡȾȾÇÏȢ×ÁÒ×ÉÃËȢÁÃȢÕËȾÑÕÉÍÐ 
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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 
ÔÒÁÎÓÃÒÉÐÔÉÏÎÁÌ ÒÅÓÐÏÎÓÅ ÏÆ ÔÈÅ ɼ-actin gene to extra-cellular stimuli is a 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 gene-specific responses to various stimuli. Serum induction leads 
ÔÏ Á ÐÒÅÃÉÓÅÌÙ ÔÉÍÅÄ ÐÕÌÓÅ ÏÆ ɼ-actin transcription occurring within minutes of serum 
addition. We examined how the serum-induction signaling pathway governs the efficacy 
of the induced transcriptional pulÓÅ ÆÒÏÍ ÓÅÖÅÒÁÌ ÅÎÄÏÇÅÎÏÕÓ ÁÌÌÅÌÅÓ ÏÆ ɼ-actin, using the 
MS2-tagging method for following mRNA transcription in single living cells. Our study 
focused on the nuclear serum response factor (SRF), and the actin protein which 
ÒÅÇÕÌÁÔÅÓ ÔÈÅ ɼ-actin serum response. 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 in order 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 mRNAs, as measured in this study, underscore 
the important timescales of gene expression dynamics revealed from living cell 
measurements. 

2ÅÆÅÒÅÎÃÅÓȡ ρȢ 9ÕÎÇÅÒȟ 3Ȣȟ 2ÏÓÅÎÆÅÌÄȟ ,Ȣȟ 'ÁÒÉÎÉȟ 9Ȣ Ǫ 3ÈÁÖ-4ÁÌȟ 9Ȣ .ÁÔȢ -ÅÔÈÏÄÓ χȟ φσρ-
φσσ ɉςπρπɊȢ ςȢ ,ÉÏÎÎÅÔȟ 4Ȣ ÅÔ ÁÌȢ  .ÁÔȢ -ÅÔÈÏÄÓ ψȟ ρφυ-ρχπ ɉςπρρɊȢ    4ÈÉÓ ×ÏÒË ×ÁÓ 
ÓÕÐÐÏÒÔÅÄ ÂÙ ÔÈÅ 5ÎÉÔÅÄ 3ÔÁÔÅÓ- )ÓÒÁÅÌ "ÉÎÁÔÉÏÎÁÌ 3ÃÉÅÎÃÅ &ÏÕÎÄÁÔÉÏÎ ɉ934 ÁÎÄ 2(3Ɋȟ ÔÈÅ 
%ÕÒÏÐÅÁÎ 2ÅÓÅÁÒÃÈ #ÏÕÎÃÉÌ ɉ934Ɋȟ .)(Ⱦ .).$3 ω2πρ.3πψσπψυ-ςπ ɉ2(3ɊȢ 
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Figure 1. Detection of ÔÒÁÎÓÃÒÉÐÔÉÏÎÁÌÌÙ ÁÃÔÉÖÅ ÅÎÄÏÇÅÎÏÕÓ ɼ-actin alleles in MEFs. RNA 
&)3( ÄÅÔÅÃÔÓ ÁÃÔÉÖÅ ɼ-actin-MS2 alleles (strong 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 
υʈÍȢ &ÉÇÕÒÅ ςȢ 4ÒÁÎÓÃÒÉÐÔÉÏÎÁÌ ÁÃÔÉÖÉÔÙ ÏÆ ÓÉÎÇÌÅ ÁÌÌÅÌÅÓ ÉÎ ÒÅÁÌ-time during signal 
ÔÒÁÎÓÄÕÃÔÉÏÎȢ &ÒÁÍÅÓ ÆÒÏÍ ÌÉÖÅ ÃÅÌÌ ÉÍÁÇÉÎÇ ÓÈÏ×ÉÎÇ ÔÒÁÎÓÃÒÉÐÔÉÏÎÁÌ ÁÃÔÉÖÉÔÙ ÏÆ  ɼ-actin 
alleles (arrows) during serum induction (following overnight starvation, time 0). 
"ÁÒЀρπʈÍȢ 
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Cysteine cathepsins are a group of proteases that are 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 II- mediated 
immune response, where they play critical roles. However, they are 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 or into the extracellular milieu by 
immune cells as well as tumour cells, vascular smooth muscle cells, endothelial cells, 
synovial fibroblasts and chondrocytes. Cathepsins also have a causal role in these 
diseases, as they are associated with processing of structural proteins, growth factors 
and chemokines, thereby promoting cell invasiveness and angiogenesis. Therefore 
monitoring  cathepsin activity in vivo has a high diagnostic potential, and can additionally 
serve as a powerful tool in preclinical research. Development of tools that would allow 
for selective monitoring of cathepsin activities in cells and in vivo goes in several 
directions, the two main being suicide substrates, known as activity-based probes, and 
turnover probes. Both have advantages and disadvantages and these will be further 
discussed.  
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Before chromosomes segregate into daughter cells they align at the spindle equator to 
form a metaphase plate, a process known as chromosome congression. CENP-E/Kinesin-
7 is a microtubule plus-end-directed kinetochore motor required for congression of pole-
proximal chromosomes in human cells. Because the plus-ends 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 post-translational detyrosination of spindle 
microtubules that point to the equator. CENP-E binds preferentially detyrosinated 
microtubules in vivo, and CENP-E-dependent transport is strongly enhanced on 
detyrosinated microtubules reconstituted in vitro from purified components. Blocking 
tubulin tyrosination in cells causes chromosomes to move away from spindle poles in 
random directions. Thus, CENP-E-driven chromosome congression is guided by 
microtubule detyrosination. Our work reveals a critical ÒÏÌÅ ÆÏÒ ÔÈÅ ȰÔÕÂÕÌÉÎ ÃÏÄÅȱ as a 
navigation system for kinetochore-based chromosome motility during mitosis. 
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High-resolution STEM Investigations of SrO-doped Sr(Ti,Nb)O3 and 
In2O3-doped ZnO oxide thermoelectrics 
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SrO-doped Sr(Ti,Nb)O3 and In2O3-doped ZnO oxide thermoelectrics were investigated by 
HR-STEM imaging (HAADF, ABF) and EDXS in order to study the chemistry of observed 
planar faults in these materials, i.e. Ruddlesden-Popper-type (RP) faults1 in SrO-doped 
Sr(Ti,Nb)O3 and characteristic inversion domain boundaries (IDB) in In2O3-doped ZnO2. 
All results were obtained in a Jeol ARM-200F 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 in SrO-doped Sr(Ti,Nb)O3, as viewed along [001] zone axis, are 
shown in HR STEM micrograph in figure 1a. The commonly observed number of 
perovskite unit cells between the planar faults is >2, which corresponds to various 
homologous compounds with the formula Srn+1(Ti,Nb)nO3n+1. 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 within a single 
mixed atom column (Fig. 1b). Semi-quantitative 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 images 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 imaging (Fig. 1d). 
The positions of oxygen atom columns along the planar faults are in full agreement with 
the structural model of a RP planar fault. In In2O3-doped ZnO ceramics, pure indium 
monolayers are readily observed by HAADF (Fig. 2a). These basal inversion domain 
ÂÏÕÎÄÁÒÉÅÓ ɉ)$"ȭÓɊ ÁÒÅ ÐÁÒÁÌÌÅÌ ÔÏ ÔÈÅ ɑπππρ} ZnO lattice planes and separate domains 
with different orientation (head -to-head; tail-to-ÔÁÉÌɊȢ "ÁÓÁÌ )$"ȭÓ ɉÂ-IDB) are much more 
ÃÌÅÁÒÌÙ ÒÅÓÏÌÖÅÄ ÂÙ (!!$& ÁÓ ÏÐÐÏÓÅÄ ÔÏ ÐÙÒÁÍÉÄÁÌ )$"ȭÓ ɉÐ-IDB) (Fig 2b). However, by 
ÄÅÃÒÅÁÓÉÎÇ ÔÈÅ ÉÎÎÅÒ ÁÎÇÌÅ ÏÆ ÔÈÅ !$& ÄÅÔÅÃÔÏÒȟ ÔÈÅ ÐÙÒÁÍÉÄÁÌ )$"ȭÓ ÂÅÃÏÍÅ much more 
visible, most likely due to an increased contribution of diffraction contrast and/or strain  
to the image. Indium presence at either b-)$"ȭÓ ÁÎÄȾÏÒ Ð-)$"ȭÓ ÃÁÎ ÂÅ ÒÅÁÄÉÌÙ ÃÏÎÆÉÒÍÅÄ 
by the EDXS (Fig. 2c,d). 

2ÅÆÅÒÅÎÃÅÓȡ ρȢ 3Ȣ 3ǻÔÕÒÍ ÅÔ ÁÌȢȟ *Ȣ -ÁÔÅÒȢ 2ÅÓȢ ςτɉψɊ ɉςππωɊ ςυωφ-ςφπτȢ ςȢ (Ȣ 3ÃÈÍÉÄÔ ÅÔ ÁÌȢȟ 
-ÉÃÒÏÎ ρρ ɉςπρςɊ τω-υφȢ σȢ 4ÈÅ ÁÕÔÈÏÒÓ ÁÃËÎÏ×ÌÅÄÇÅ ПÉÎÁÎÃÉÁÌ ÓÕÐÐÏÒÔ ÆÒÏÍ ÔÈÅ 
3ÃÉÅÎÔÉПÉÃ ÁÎÄ 4ÅÃÈÎÏÌÏÇÉÃÁÌ 2ÅÓÅÁÒÃÈ #ÏÕÎÃÉÌ ÏÆ 4ÕÒËÅÙ ɉ45Ȅ")4!+Ɋ ÕÎÄÅÒ &ÅÌÌÏ×Ó 
0ÒÏÇÒÁÍ ÁÎÄ ÆÒÏÍ %5 ÕÎÄÅÒ 3ÅÖÅÎÔÈ &ÒÁÍÅ×ÏÒË 0ÒÏÇÒÁÍÍÅ ÕÎÄÅÒ ÇÒÁÎÔ ÁÇÒÅÅÍÅÎÔ 
ÎЈσρςτψσ ɉ%34%%-ςɊȢ 
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Figure 1. (a) HR HAADF STEM of RP faults in SrO-doped Sr(Ti,Nb)O3 with (b) 
corresponding intensity profiles. (c) HAADF. (d) ABF. (e) HR HAADF STEM of b-IDB in 
In2O3-doped ZnO. (f) HAADF and ADF. (g) EDXS mapping. (h) EDXS from ZnO and p-IDB.  
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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) 

1) )ÎÓÔÉÔÕÃÉĕ #ÁÔÁÌÁÎÁ ÄÅ 2ÅÃÅÒÃÁ É %ÓÔÕÄÉÓ !ÖÁÎëÁÔÓ ɉ)#2%!Ɋȟ πψπρπ "ÁÒÃÅÌÏÎÁȟ #atalonia, 
Spain 

2) )ÎÓÔÉÔÕÔ #ÁÔÁÌÛ ÄÅ .ÁÎÏÃÉîÎÃÉÁ É .ÁÎÏÔÅÃÎÏÌÏÇÉÁ ɉ)#.ςɊ, Campus UAB, 08193 
Bellaterra, Catalonia, Spain 

3) CELLS-ALBA Synchrotron Light Facility, Campus UAB, 08193 Bellaterra, Catalonia, 
Spain 

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 can 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 new range 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 changes originated at the atomic scale, e.g.: linked to changes in 
(electronic) structure of the material. 

During the seminar, I will show how combining advanced electron microscopy imaging 
with electron spectroscopy, as well as cathodoluminescence in an aberration corrected 
STEM and ex-situ 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 in advanced nanomaterials for optical and 
plasmonic applications. In this way the latest results obtained by my group on direct 
correlation between optical properties at sub-nanometer scale and structure at atomic 
scale will be presented. The examples will cover a wide range of nanomaterials: quantum 
structures self-assembled in a nanowire: quantum 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. 

2ÅÆÅÒÅÎÃÅÓȡ ɍρɎ !Ȣ &ÏÎÔÃÕÂÅÒÔÁ É -ÏÒÒÁÌ ÅÔ ÁÌȢȟ 3ÍÁÌÌ τ ɉςππψɊ ψωω ɍςɎ *Ȣ !ÒÂÉÏÌ ÅÔ ÁÌȢȟ 
.ÁÎÏÓÃÁÌÅȟ τ ɉςπρςɊ χυρχ  ɍσɎ -Ȣ (ÅÉÓÓ ÅÔ ÁÌȢȟ .ÁÔÕÒÅ -ÁÔÅÒÉÁÌÓȟ ρς ɉςπρσɊ τσω  
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Figure 1. Sketches of different quantum structures classified by their dimensionality: (a) 
Quantum Wells or 2D structures (QWs); (b) Quantum Wires or 1D structures (QWRs); 
(c) Quantum Dots or 0D structures (QDs). (d-f) Experimental STEM and HRTEM images 
of the quantum structures, QWs, QWRs and QDs, respectively 
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What can electron diffraction tomography do for you?  

-Ȣ +ÌÅÍÅÎÔÏÖÜ ɉρɊȟ .Ȣ .ñÍÅÃ ɉρɊȟ  6Ȣ 'ßÒÔÎÅÒÏÖÜ ɉρɊȟ #Ȣ !Ȣ #ÏÒÒðÁ ɉρɊȟ ,Ȣ 
Palatinus (1) 

ρɊ )ÎÓÔÉÔÕÔÅ ÏÆ 0ÈÙÓÉÃÓ ÏÆ ÔÈÅ !3 #2ȟ ÖȢÖȢÉȢȟ .Á 3ÌÏÖÁÎÃÅ ςȟ ρψς ςρ 0ÒÁÇÕÅ ψȟ #ÚÅÃÈ 2ÅÐÕÂÌÉÃ 

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 x-ray crystallography. 
However, the 3D information on reciprocal space can be used in many ways, from simple 
phase identification to determination of orientation relationship between precipitate and 
matrix to more complex tasks such as structure solution and refinement. The EDT 
experiment is quite simple. Starting with a random crystal orientation, the crystal is 
sequentially tilted in a range (usually 90-120deg), 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 during tilting. Sampling 
of the reciprocal space obtained by EDT is much finer than collecting oriented zone-axis 
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 underestimated. 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, which together with 
chemical information obtained by EDS analysis leads to much easier phase identification 
compared to using oriented diffraction patterns. When more phases are present, their 
orientation relationship  can be determined from the EDT data once the 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 MgZn2 precipitate 
in Mg matrix is shown in Fig. 1b. Structure determination and refinement from EDT data 
has made an enormous progress over the past few years. At present, complex structures 
with hundreds of atoms in the unit cell can be solved. As an example, structure of MgZn2 
precipitate is shown in Fig. 1c,d. The initial model for the refinement is typically 
optimized using the kinematical approximation for the calculation 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 of dynamical diffraction 
theory to calculate the model intensities in structure refinement. This technique can be 
used not only on oriented zone-axis patterns [3] but also on non-oriented patterns 
acquired by PEDT.  

2ÅÆÅÒÅÎÃÅÓȡ ρȢ %ÎÒÉÃÏ -ÕÇÎÁÉÏÌÉ ÅÔ ÁÌȢȟ 5ÌÔÒÁÍÉÃÒÏÓÃÏÐÙ ρπω ɉςππωɊ χυψ-χφυȢ ςȢ $ÁÌÉÁÎÇ 
:ÈÁÎÇ ÅÔ ÁÌȢȟ :Ȣ +ÒÉÓÔÁÌÌÏÇÒȢ ςςυ ɉςπρπɊ ωτ-ρπςȢ σȢ ,ÕËÁÓ 0ÁÌÁÔÉÎÕÓ ÅÔ ÁÌȢȟ !ÃÔÁ #ÒÙÓÔȢ !φω 
ɉςπρσɊ ρχρɀρψψȢ  
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Figure 1. MgZn2 precipitate in Mg-matrix. (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) 

1) EcoTopia Science Institute, Nagoya University, Nagoya 464-8603, Japan 

2) Graduate Scool of Engineering, Nagoya University, Nagoya 464-8603, Japan 

Keywords: scanning transmission electron microscopy, electron energy-loss 
spectroscopy, energy-dispersive x-ray spectroscopy, beam-rocking, electron 
channeling 

The current state-of-the-art scanning transmission electron microscope (STEM) 
equipped with aberration correctors allows us handy for atomic scale imaging and 
elemental/electronic structural analysis, due to its high-brightness electron source and 
highly focused subatomic probe size available. The technique inevitably leads to a 
drawback associated with a high density of focused electron probe 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 method, instead 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 
×Å ÈÁÖÅ ÄÅÖÅÌÏÐÅÄ ÁÎ ȬÉÎÔÅÇÒÁÔÅÄ ÅÌÅÃÔÒÏÎ ÓÐÅÃÔÒÏÓÃÏÐÉÃ 34%-ȭȟ ×ÈÅÒÅ ÅÌÅÃÔÒÏÎ ÅÎÅÒÇÙ-
loss spectroscopy (EELS), energy/wavelength dispersive x-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 the 
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 of high-angular 
resolution electron channeled X-ray (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 fluorescent x-ray intensities, core-loss 
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 a novel red light-emitting 
material (Eu/Y co-doped Ca2SnO4) as one of the representative applications of the 
present method: the occupation sites of Eu and Y were quantitatively determined by 
EDXS, the valence states of the rare earths by EELS. Another application is to elucidate 
the site occupancies of a trace element in M-type strontium ferrite, where doped Co 
occupies 5-different Fe sites to improve the cohesive force of the material. 
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2ÅÆÅÒÅÎÃÅÓȡ ρȢ +Ȣ 4ÁÔÓÕÍÉȟ 3Ȣ -ÕÔÏ ÁÎÄ *Ȣ 2ÕÓÚȟ -ÉÃÒÏÓÃȢ -ÉÃÒÏÁÎÁÌȢ ρω ɉςπρσɊ ρυψφ-ρυωτȢ 
ςȢ + 4ÁÔÓÕÍÉ ÁÎÄ 3Ȣ -ÕÔÏȟ *Ȣ 0ÈÙÓȢȡ #ÏÎÄÅÎÓȢ -ÁÔÔÅÒ ςρ ɉςππψɊ ρπτςρσȢ σȢ *Ȣ 2ÕÓÚȟ 3Ȣ -ÕÔÏ 
ÁÎÄ +Ȣ 4ÁÔÓÕÍÉȟ 5ÌÔÒÁÍÉÃÒÏÓÃȢ ρςυ ɉςπρσɊ ψρ-ψψȢ 

 

 

 

Figure 1. Schematic diagram of element/site selective microanalysis using integrated 
spectroscopic STEM. 
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Variation of energy density of states in quantum dot arrays 
due to interparticle electronic coupling  

Manca Logar (1) 

ρɊ ,ÁÂÏÒÁÔÏÒÙ ÆÏÒ ÃÈÅÍÉÓÔÒÙ ÏÆ ÍÁÔÅÒÉÁÌÓȟ .ÁÔÉÏÎÁÌ )ÎÓÔÉÔÕÔÅ ÏÆ #ÈÅÍÉÓÔÒÙ 3ÌÏÖÅÎÉÁȟ 
(ÁÊÄÒÉÈÏÖÁ ρωȟ ρπππ ,ÊÕÂÌÊÁÎÁȟ 3ÌÏÖÅÎÉÁ 

Keywords: Energy density of states; STEM-EELS; electronic coupling; 
quantum dot; superlattice 

Ordered arrays of colloidal quantum dots (superlattices) exhibiting collective optical and 
electrical phenomena have gained considerable interest among the scientific community, 
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 metamaterials 
and supraparticles.  These structures have programmable physical and chemical 
properties, widening the array of available functional materials for relevant 
applications.Gaining in-depth 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 the optical 
absorption peak as the interparticle distance decreases in thin films of monodisperse 
QDs.1   However, such red shifting can be caused by changes in the dielectric 
environment in addition to changes in electronic coupling between the dots.2  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 
(STM-STS) 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.  Sub-nanometer 
resolved local electron energy structure was measured in PbS quantum dot superlattice 
arraysby using electron energy-loss spectroscopy in a (scanning) transmission electron 
microscope [(S)TEM-EELS].3 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 quantum 
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) butylamine (C4), 
(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. Variations in the 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 maps of integrated EELS 
signal intensity over the energy range 0.9-2 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. 

 

 

Figure 2. Variations in the 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. 
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Figure 3. 2D maps of integrated EELS signal intensity over the energy range 0.9-2 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. 

2ÅÆÅÒÅÎÃÅÓȡ ρ -ÉËÈÁÉÌ !ÒÔÅÍÙÅÖÅÔ ÁÌȢȟ 0ÈÙÓȢ 2ÅÖȢ " φπ ɉρωωωɊ ρυπτɀρυπφȢ ς !ÂÒÁÈÁÍ 
7ÏÌÃÏÔÔ ÅÔ ÁÌȢ *Ȣ 0ÈÙÓȢ #ÈÅÍȢ ,ÅÔÔȢ ς ɉςπρρɊ χωυɀψππȢ σ (ÅÅ *ÏÏÎ *ÕÎÇ  ÅÔ ÁÌȢ .ÁÎÏ ,ÅÔÔȢ ρσ 
ɉςπρσɊ χρφɀςρȢ   
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In -situ observation of graphene growth dynamics by 
environmental scanning electron microscopy  

Marc Georg Willigner (1), Zhu-Jun Wang (1), Gisela Weinberg (1), Robert 
3ÃÈÌĘÇÌ ɉρɊ 

ρɊ &ÒÉÔÚ-(ÁÂÅÒ-)ÎÓÔÉÔÕÔ ÄÅÒ -ÁØ-0ÌÁÎÃË-'ÅÓÅÌÌÓÃÈÁÆÔȟ &ÁÒÁÄÁÙ×ÅÇ τ-φȟ ρτρωυ "ÅÒÌÉÎ 
'ÅÒÍÁÎÙ 

Keywords: In-situ SEM, catalyst dynamics, graphene growth 

As opposed to conventional electron microscopy, where materials are mostly studied in 
vacuum and close to ambient temperature, in-situ electron microscopy enables the 
investigation of materials under an external physical (mostly mechanical, electrical, or 
optical) or chemical stimulus. Especially in the 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 of in-situ transmission electron microscopy has widely been 
recognized. Commercially available instruments as well as dedicated in-situ sample 
holders have further contributed to an increased availability of the technique and its 
growing popularity.  

In my presentation I 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 scale and lateral resolution that 
is similar to that obtainable with other techniques such as in-situ XPS, Raman or XRD.  

Using a modified environmental scanning electron microscope (ESEM) we have studied 
the metal catalyzed chemical vapor deposition (CVD) growth of graphene under relevant 
low-pressure CVD conditions. It will be shown that in-situ SEM allows visualizing 
ÓÔÒÕÃÔÕÒÁÌ ÄÙÎÁÍÉÃÓ ÏÆ ÔÈÅ ÁÃÔÉÖÅ ÃÁÔÁÌÙÓÔ ÁÔ ÔÅÍÐÅÒÁÔÕÒÅÓ ÏÆ ρπππЈ# ×ÈÉÌÅ 
simultaneously the formation and growth of atomically thin single layer 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 and nanometer-scale 
resolution without the need of sample transfer. A strong dependence of surface dynamics 
such as sublimation and surface pre-melting on grain orientation is demonstrated, and 
the influence of substrate dynamics on graphene nucleation and growth 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 induced surface 
reconstructions during cooling. 

2ÅÆÅÒÅÎÃÅÓȡ :Ȣ*Ȣ 7ÁÎÇ ÅÔ ÁÌȢȟ !#3 .ÁÎÏ ςπρυȟ ÉÎ ÐÒÉÎÔ ɉ$/)ȡ ρπȢρπςρȾÎÎυπυωψςφɊ 
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Figure 1. (a) Snapshots recorded during in-situ SEM imaging of graphene growth. (b) 
Nucleation and growth behavior versus time. 

 
  




























































































































