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ZEISS Lattice Lightsheet 7 — Discover the most gentle way of long-
term volumetric imaging of living cells

Gert Sonntag

Carl Zeiss Microscopy GmbH

ZEISS Lattice Lightsheet 7 makes light sheet fluorescence microscopy available for live
cell imaging at subcellular resolution — while also allowing you to use your standard
sample carriers. With this automated, easy-to-use system, volumetric imaging of
subcellular structures and dynamics over hours and days with best protection from photo
damage becomes available to everyone. Discover the dynamics of life in unprecedented
depth of detail — with the ease you never imagined possible! This lecture will guide you
through the latest development in microscopy — you will get presented with data sets and
application examples which make pretty clear how lattice lightsheet microscopy might
open doors for future live science approaches.



Latest developments and applications of Bio & Cryo Transmission
Electron Microscopy

Guillaume Brunetti

JEOL EUROPE SAS , Croissy-sur-Seine, France

Since 1949, JEOL's legacy has been one of the most remarkable innovations in the
development of instruments used to advance scientific research and technology. JEOL
has 60 years of expertise in the field of electron microscopy. JEOL has a dedicated range
of TEM for Bio & Cryo applications. In this presentation, we will introduce new instruments
like the CRYO ARM™ 300 II, CRYO F2 and 2100Plus and their applications. The CRYO
ARM™ 300 II (a), equipped with a new generation cold field emission gun, an in-column
Omega energy filter, a side-entry liquid nitrogen cooling stage and an automated
specimen exchange system, is a cryo-electron microscope (cryo-EM) that enables
observation of bio-molecules at cryostatic temperature. The new automated specimen
exchange system features the storing of up to 12 samples. In addition, the system allows
for the exchange of an arbitrary one or more sample, thus enabling flexible scheduling.
Furthermore, the combined use of a newly-designed in-column Omega energy filter and
a hole-free phase plate dramatically enhances the contrast of TEM images of biological
specimens. JEM-F200 (b) is a new field emission transmission electron microscope, which
features contrast improvement of cryo samples, tomography, single particle analysis
(SPA), micro ED performance, an easy to use new operation system for multi-purpose
operation, a smart appearance, and various environmentally friendly, energy saving
systems. The JEM-2100Plus (c) is a multipurpose transmission electron microscope, which
combines the proven JEM-2100 optic system with an advanced control system for
enhanced ease of operation. Achieving superior performance through intuitive operation,
the JEM-2100Plus provides solutions to a wide range of applications from biology to cryo
studies.

CRYO ARM™ 300 II CRYO F2
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Using 3D optical photostimulation induced artificial perception to
investigate neuronal ensembles coding visual information

Gergely Szalay!, Katalin éc§ai2, Dominika Nagy!, Andrius Plauska!, Domonkos
Pinke!, Csaba Csupernyak?!, Aron Szepesi!, Gergely Katona!, Balazs Rozsa'- 2

1lab 3D Funct Network Dendr Imaging, IEM, ELRN, Budapest 2Multi-photon Microsc Lab, Fac Info
Technol Bionics, PPCU, Budapest

Simultaneous 3D Two-Photon Imaging and Photostimulation

Understanding brain function requires technologies that can measure, as well as control
the activity of large neuronal populations with high fidelity in space and time. We
developed a multiphoton approach based on acousto-optics (AO) to simultaneously
measure and optically stimulate (activate or suppress) the activity of cortical neurons with
millisecond precision and subcellular spatial resolution. We demonstrate the ability to
perform simultaneous photostimulation of up to 250 neurons distributed in 3D in a
600 x 600 x 500-pum3 volume of brain tissue (Fig. 1.).

Fig. 1: (Left) Dual AAV labeling, (Middle) Multiple 3D stimulating points with reserved
optical resolution. (Right) Exemplified stimulated cells, overlaid curves represent
repetitions of the same stimulation pattern, note the stability and reliability of the
stimulation.

Using AO deflectors for performing photostimulation allows fast change (less ten 10 ps)
between laser lines, stimulation pattern and laser intensity. This fast switching time can
be exploited to use an interlaced stimulation strategy. During the stimulation period, we
performed stimulation at every odd frame and imaged Ca?* activity at every even frame.
This allowed us to follow Ca2* activity during the imaging period.

Photostimulation During Behavior

Despite the astonishing advances in the field, it is still not clear how various percepts
arise in the cortex. Combined imaging and photostimulation can be a great tool for
answering these questions: it can help us understand, on the basic cellular level, how
behaviorally consequential percepts are initiated.

When using AO for two-photon stimulation, novel stimulation strategies can be used,
which are not available when stimulating with different techniques, and can improve the
stimulation efficacy. First, compared to holographic stimulation, optical resolution is
preserved even with a growing number of stimulation locations, allowing for the precise
activation of individual neurons with virtually no crosstalk between neighboring neurons.
Second, different stimulation intensities can be used at each location and at each time
point. By this, instead of a similar activity on each cell, we can design a more natural
stimulation pattern with distinct temporal and amplitude dynamics on the individual cells.
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We designed a robust behavioral protocol, where the underlying neural activity can be
measured with high precision. Our custom analysis code can motion-correct the imaging
data, detect activity and co-activated ensembles in real-time. Contextual correlation
between the detected ensemble and behavior could be tested with photostimulation.
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(Left) Dual AAV labeling, (Middle) Multiple 3D stimulating points with reserved optical resolution.
(Right) Exemplified stimulated cells, overlaid curves represent repetitions of the same stimulation
pattern, note the stability and reliability of the stimulation



Introducing the term “probe high tension” and extreme x-ray
collection efficiency on Spectra Ultra S/TEM

Anil Yalcin
Thermo Fisher Scientific, Eindhoven, The Netherlands

Besides being the first commercial platform with corrector(s), first generation Titan was
capable of high tension range from 300 kV down to 80 kV. For improved optical and
specimen stability, bifilar coil design was introduced in the objective lens unit [1], enabling
swift mode switches at a certain high tension operation. Overnight high tension switches
have become the norm, and since then, market expectations have moved forward that
current S/TEMs have a high tension range down to 30 kV with stability achieved over a
couple of hours. This timescale can be seen long in some cases, for instance, S/TEMs
shared by several multi-disciplinary research groups.

Research community has also driven the market in terms of x-ray collection efficiency
and output count rate maximization in elemental studies. Lithium doped silicon (Si(Li))
EDS detectors were replaced with silicon drift detectors (SDDs) and Super-X became the
first EDS detection system with multiple SDDs on a S/TEM [2]. Growing beam sensitive
materials research field and time to data considerations have brought solid angles to
around 2 sr and output count rates to 1 million cps.

Recent R&D initiatives allow us to introduce a new platform within the Spectra portfolio,
which will address the above mentioned market demands without any compromise. This
new member, Spectra Ultra S/TEM, is equipped with an EDS detection system allowing
an unshadowed solid angle of above 4 sr without any compromise in terms of spatial
resolution (i.e. larger pole piece). Moreover, Spectra Ultra can stabilize within minutes
after a high tension switch, whereby introducing the term “probe high tension” to the
TEM community. In this way, one can use high tension as an experiment variable similar
to changing probe current or convergence angle in microscope operation.

We believe that Spectra Ultra will further accelerate research in beam sensitive materials.
Thanks to the unprecedented x-ray collection efficiency, extreme low doses can now be
used to generate high quality elemental maps. Furthermore, depending on the specimen
behavior under the electron beam, probe high tension can be tuned as often as needed
for experiment optimization.

References

[1] van der Stam, M. et al. Microsc. Microanal., 2005, 19, 9-11.
[2] Schlossmacher, P. et al. Microsc. Microanal., 2010, 24, S5-S8.
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Perovszkit szerkezetii anyagok mechanokémiai eldallitasa és
vizsgalata

Kozma Gabor!, Berkesi Daniel?, Liptak Kata!, Kukovecz Akos!, Kdnya Zoltan? 2

1SZTE Alk. Korny. Kém. Tsz., Szeged, 2MTA-SZTE Reakciokin. Feliiletkém. Kut. csop., Szeged

A napenergia hatékony hasznositdsa napjaink egyik legfébb kihivasat jelenti. Szamos
igéretes fotoaktiv anyag all rendelkezésiinkre, melyek segitségével a mai kereskedelmi
forgalomban kaphatd, jellemz6en 16-25 %-o0s energia atalakitasi hatékonysag tovabb
novelhetd. Ez csak Ugy érhet6 el, ha az Uj, jobb eredményeket felmutatd anyagok stabilan
és nagy mennyiségben allithatok eld. Ennek hianyaban az uttéro jelentdséggel bird
anyagok szintézise nem képes a laboratoriumi koriilmények hatarait atiépni. Erre nydjthat
megoldast a mechanokémiai Uton, napenergia hasznositasra (fotokatalizis, napelemek)
alkalmas nanoméret(i anyagok elGallitasa. A mechanokémia alkalmas az ipari
méretnovelésre, mig a nanoméretli anyagok egyedi fizikai-kémiai tulajdonsagaikkal és
nagy fajlagos fellletiikkel jarulnak hozza a hatékonysag noveléséhez. Munkam soran
el6szor a BaTiO3-ra vonatkozo vizsgalatokat végeztiik el. Célunk volt vizsgalni a BaTiO3
mechanokémiai eldallitadsanak lehetdségét. Ehhez harom eltér6 anyagbdl késziilt
Orléedényt (szilicium-nitrid, rozsdamentes acél, volfram-karbid) alkalmaztunk és
valtoztattuk az Orlés egyes paramétereit (Orlés ideje, sebesége, 6rlégolydk szama). A
termékek tulajdonsagait elektronmikroszkdpias (TEM, SEM), rontgen diffraktometrias
(XRD) és termikus analitikai (TGA, DSC) mddszerekkel kdvettiik. Az analitikai eredmények
mellett az Orlés energidjat is térképeztiik, és a két rendszer kozotti parhuzamokbdl
allitottunk fel egy olyan paraméter teret, ami alkalmas a BaTiO3 mechanokémiai
elGallitasara. A kapott eredmények alapjan a ZnTiO3 és NaNbO3 perovszkitek elGallitasat
is elvégeztik.

A munka a Magyar Tudomanyos Akademia, BO/00835/19/7 szamu Bolyai Jénos Kutatasi
Osztondij tamogatasaval, valamint az Innovacios €s Technologiai Miniszterium UNKP-20-
5-SZTE-656 kddszamu Uj Nemzeti Kivalosag Programjanak szakmai tamogatdsaval
készlilt.
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Mechanokémiai uton eléallitott perovszkit nanorészecskék transzmissziés elektronmikroszképias
felvétele
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Mechanochemical production of perovskite-structured materials

Gabor Kozma?, Daniel Berkesi!, Kata Liptak?, Akos Kukovecz!, Zoltan Kényal 2

1Univ Szeged, Dep Appl Env Chem, Szeged, >MTA-SZTE Reaction Kin Surf Chem RG, Szeged

Effective utilization of solar energy is one of the main challenges of today. There are a
number of promising “photo-active” materials to help with today's commercially available,
typically 16 to 25% energy transf ormation efficiency can be further increased. This can
only be achieved if the new, better materials can be produced in stable and large
amounts. In the absence of this, the synthesis of promising materials cannot cross the
boundaries of laboratory conditions. The mechanochemistry is suitable for industrial size,
while nanoscale materials contribute to their unique physico-chemical properties and their
high specific interface to increase efficiency. During my work, we first tested the BaTiO3
perovskite. Our goal was to examine the possibility of mechanochemical produced
BaTiO3. To do this, three different material milling vessels (silicon-nitride, stainless steel,
wolfram-carbide) were used and some milling parameter (number of milling balls, milling
time, rotational speed) was changed. The properties of the products were followed by
electronmicroscopic (TEM, SEM), X-ray diffractometric (XRD) and thermal analytical (TGA,
DSC) methods. In addition to the analytical results, the energy of grinding was also
mapped. The parallels between the two systems were set up a parameter space that is
suitable for the production of BaTiO3 mechanochemical production. Based on the results
obtained, the production of ZnTiO3 and NaNbO3 perovskites were also performed.

The work was supported by the Janos Bolyai Research Fellowship of the Hungarian
Academy of Sciences BO/00835/19/7, and by the professional support of the New
National Excellence Program of the Ministry of Innovation and Technology UNKP-20-5-
SZTE-656.
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Transmission electron-microscopic image of perovskite nanoparticles
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Spinodalis fazisszétvalas porlasztott (V0.64Al10.36)0.49N0.51 és iv
parologtatott Ti0.27A10.21N0.52 rétegekben. Masodlagos fazisok
kialakulasa

Czigany Zsolt!, Marcus Hans?, Damian M. Holzapfel?, Anders O. Eriksson3, Mirjam
Arndt3, Holger Ruess?, Janina Krause?, Pavel Ondracka?, Denis Music?, Simon
Evertz?, Daniel Primetzhofer?, Jochen M. Schneider?

1 MFAI, EK, ELKH, Budapest® Materials Chemistry, RWTH Aachen Univ, Germany, 3 Oerlikon Balzers,
Oerlikon Surface Solutions AG, Liechtenstein, * Dep Physics Astron, Uppsala Univ, Sweden

Szerszamok élettartamat novel6 alkalmazasokban alapveto fontossagu a VAIN és TiAIN
keménybevonatok stabilitdsa magas homérsékleten (900-1100°C). A VAIN rétegek reaktiv
porlasztassal, a TIiAIN katddos ivparologtatassal késziiltek az Aacheni Egyetemen.
TEM/STEM vizsgalatok az MFA CS korrigalt Themis mikroszkdpjan késziiltek. Az
anyagrendszerben termodinamikailag varhatd a spinodalis fazisszétvalas, amely soran V-
ban (Ti-ban) ill. Al-ban gazdag fcc nitrid fazisok jonnek létre, ami akar a bevonat
mechanikai tulajdonsagainak javulasat is eredményezheti. Ilyen 8-20 nm skalan lezajlo
fazisszétvalast sikerilt kimutatni EDS elemtérkép segitségével (1. abra i és m), ill. TiAIN
esetén elektrondiffrakcidval is a kobds TiN és AIN nagy (3.7%) racsparaméter
kilonbségének kdszonhetben. (A kobos VN és AIN fazisok racsparaméter kiilonbsége csak
0.5%.) A VAIN rendszerben 900°C fol6tt megjelenik az AIN hexagonalis fazisa (1. abra h
és 1), mely a sotét latoterd felvétel (1/k abra) és a nagyfeloldasu felvételek (1. abra f és
g) tanlsaga szerint az oszlopos szemcsék hataran alakul ki. Az elektromos ivvel torténo
parologtatas jellegzetes mellékterméke, hogy a TIAIN rétegekben is tapasztalt
mikrométeres atmérGjli olvadék részecskék juthatnak kozvetlenll a ndvekvl réteg
fellletére. E nemkivanatos jelenség a réteg stabilitdsanak rovasara mehet. A TiAIN-ben
detektalt mikrorészecskék azonban nem rontjak a réteg stabilitasat 1000°C-on sem, ami
fellletiiket boritd ~5nm vastag TiN hatarrétegnek kdszonhetd. A stabilitast az biztositja,
hogy ezt a vékony réteget mar nem érinti az egész TIAIN rétegben zajldé spinodalis
fazisszétvalas, és difflizids akadalyt képez. Mindkét anyagrendszer esetében atomszondas
tomografiaval (APT — atom probe tomography) is meger0sitettiik a fazisok szétvalasat.
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BF DF SAED elemental maps

Kiilonbdz6 hémérsékleten hbkezelt (V0.64Al10.36)0.49N0.51 vékonyrétegek TEM felvételei. A
900°C folotti kombinalt V és Al elemtérképeken lathatd a spinodalis fazisszétvalas. A SAED
felvételeken 900°C-folott megjelennek a hexagonalis AIN reflexidi, 1100°C-on Gsszefliggd
gy(riiket alkotnak. Nagyfeloldasu (f és g), valamint sotétlatoter( (k) felvételek tantsaga szerint
a hexagonalis fazis a szemcsehatarokon alakul ki.
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Spinodal decomposition in reactively sputtered (V0.64A10.36)
0.49N0.51 and cathodic arc evaporated Ti0.27Al0.21N0.52.
Formation of secondary phases.

Zsolt Czigany!, Marcus Hans? Damian M., Anders O. Eriksson 3, Mirjam Arndt3,
Holger Ruess?, Janina Krause?, Pavel Ondracka?, Denis Music?, Simon Evertz?,
Daniel Primetzhofer4, Jochen M. Schneider?

1 TPMS, CER, ELRN,Budapest ? Materials Chemistry, RWTH Aachen Univy, Germany, 3 Oerlikon Balzers,
Oerlikon Surface Solutions AG, Liechtenstein, # Dep Physics Astron, Uppsala Univy, Sweden

The stability of VAIN and TiAIN hard coatings at high tempeartures (900-1100°C) is
inevitable in applications aiming at increasing the lifetime of tools. The VAIN and TiAIN
layers were deposited by reactive sputtering and cathodic arc evaporation, respectively,
at Aachen University. The TEM/STEM investigations were made on the CS corrected
Themis microscope of the TPMS. Spinodal phase separation can be expected in both
material systems on thermodynamic basis. In this process V (Ti) and Al rich fcc nitride
phases form, which may even improve the mechanical properties. Such phase separation
was revealed by EDS elemental maps on 8-20-nm scale and by electron diffraction for
TiAIN due to 3.7% lattice parameter difference between AIN and TiN. (The difference
between the lattice parameters of VN and AIN phases is only 0.5%.) In VAIN the
hexagonal AIN phase was observed above 900°C which forms at the grain boundaries
according to HRTEM and dark field images (Figure 1). The presence of macroparticles in
cathodic arc evaporated coatings is considered one of the greatest drawbacks of this
synthesis method. We demonstrated with transmission electron microscopy (TEM) and
atom probe tomography (APT) that the thermal stability of a macroparticle in the
industrial benchmark coating (Ti,Al)N does not limit the overall coating thermal stability
up to 1000 C because metal-rich macroparticles exhibit a higher thermal stability than
the c-(Ti,Al)N matrix. It is shown that the superior stability of the macroparticle upon
annealing is enabled by the self-organized formation of a c-TiN based diffusion barrier
shell around the macroparticle.
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BF DF SAED elemental maps

TEM characterization of as deposited and annealed (V0.64Al0.36)0.49N0.51 thin film flakes at
different temperatures. The combined V and Al elemental maps show the spinodal decomposition
above 900°C. SAEDs indicate the appearance of hexagonal AIN in the films above 900°C. HR

images (f and g) and DF image at 1100°C (k) demonstrate the occurrence of nanocrystals of
hexagonal AIN phase at grain boundaries.
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PharmacoSTORM: Egy uj hatékony modszer szuperrezoliicios
mikroszkdpiahoz

Prokop Susanne! 2, Abranyi-Balogh Péter3, Barti Benjamin® 2, Vamosi Marton?,
Barna Laszl6 4, Urban M. Gabriellal, Toth D. Andras®, Z6ldi Miklés'' 2, Dudok Barnal
6, Egyed Attila3, Hui Deng 7, Gian Marco Leggio &, Hunyady Laszl6°, Mario van der
Stelt’, Keseri(i M. Gyorgy , Katona Istvan' °

1KOK1, ELKH, Budapest, ’SE, Doktori Iskola, 3EL, TE TTK, Gyogyszerkém. Kut. csop., *Nikon-KOKI
Képalkoto Kozpont, °SE Elettani Int,, MTA-SE Mol. Elettani Kut.csop., °Stanford Egyetem, Idegsebészeti
Int.,, USA, ’Mol. Elettani Int., Leiden Kémiai Int., Leiden-i Egyetem, Hollandia, *Biomed. Biotechnol. Int.,
Catania Egyetem, Olaszorszag, °Pszichol. Agykutato Int., Indiana-i Egyetem, USA

A PharmacoSTORM nev(i moddszeriink egy olyan U(j megkdzelitést takar, amely
kismolekula alapu probakat fejleszt és hasznal a STORM szuperfelbontasu
mikroszkopiahoz. Kimutattuk, hogy az Uj fluoreszcens ligandumok struktura-alapu
tervezése hatékony jelolési eszkdzoket kinal szamos kiilénbozd célpont, példaul G-
fehérjéhez kapcsolt receptorok, enzimek és ioncsatornak nanoméret(i lokalizacidjahoz. Az
egymolekulas lokalizaciés mikroszkdpia magas detektalasi érzékenysége lehetbvé teszi a
receptor-ligandum kodlcsonhatasok specifikus megjelenitését még nagyon alacsony
ligandumkoncentraciék mellett is. Ezenfelll a PharmacoSTORM maodszer a transzlacids
farmakoldgia eddig megvalaszolatlan kérdéseire is valaszt adhat azaltal, hogy képes akar
a klinikumban alkalmazott gydgyszerek kolcsonhatasainak kozvetlen megjelenitésére,
nanométer pontossaggal sejttenyészetekben és szovetekben egyarant.

| Struktira elemzes II. Farmakologia 1. Konfokalis képalkotas IV. PharmacoSTORM
&s tervezas jelemzés
wd g Fluo-cannabinoid GFP-CBR Konfokal STORM
R} ¥{
R S >
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v L
LI 81 log [Fuo-cannabinokd], M

PharmacoSTORM prébdk fejlesztésének altalanos munkafolyamata, a CB1 receptor (CB1R)
példajan bemutatva. I: Fluoreszcensen jelolt CB1R agonista (fluo-cannabinoid) (sarga) dokkolasi
pozicidja CB1R kotdzsebében (sziirke) (PDB kdd:5XRA). II: In vitro farmakoldgiai vizsgalat az Uj
ligand funkciondlis jellelmzése céljabdl. III, Konfokalis kép GFP-vel fuzionalt CB1R-t expresszlo
HEK 293 sejtkutirardl, 100 nM fluo-cannabinoid festés utan. IV: Konfokalis és STORM képek fluo-
cannabinoid receptor kdtésérdl ugyanazon plazmamembran szakaszon.
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PharmacoSTORM: a powerful approach for super-resolution imaging

Susanne Prokop' 2, Péter Abranyi-Balogh3, Benjamin Barti 2, Marton Vamosi?,
Laszlé Barna?, Gabriella M. Urban?, Andras D. T6th>, Miklos Z6ldi'' 2, Barna Dudok
1,6, Attila Egyed3, Hui Deng’, Gian Marco Leggio®, Laszl6 Hunyady®, Mario van der
Stelt’, Gyorgy M. Keserii3, Istvan Katonal- °

1JEM, ELRN, Momentum Lab Mol Neurobiol, Budapest, 2Univ Semmelweis, Doctoral School, Budapest, 3
Med Chem RG, RCNS, ELRN, Budapest, *Nikon-IEM Neur Imaging Center Budapest, >MTA-SE Mol Physiol
Lab, Dep Physiol, Univ Semmelweis, Budapest, °Dep Neurosurgery, Stanford Univ, USA, ’Dep Mol Physiol,
Leiden Univ, the Netherlands, $Dep Biomed Biotechnol Sciences, Univ Catania, Italy, °Dep Psychol Brain
Sci, Indiana Univ, USA

We present a novel approach, PharmacoSTORM, that develops and utilizes small
molecule- based probes for STORM super-resolution microscopy. We show that the
structure-based design of novel fluorescent ligands can provide efficient labeling tools for
the nanoscale localization of versatile targets, such as G protein-coupled receptors,
enzymes and ion channels. The high detection sensitivity of single-molecule localization
microscopy also enables the specific visualization of receptor-ligand interactions even at
very low ligand concentrations. Moreover, PharmacoSTORM can address important
questions of translational pharmacology by providing a way to directly visualize the
interactions of clinically used drugs with nanometer precision in cell cultures as well as in
tissue.

|.Structural analysis Il. Pharmacological IIl. Confocal imaging IV. PharmacoSTORM
and design characterization
of Fluo-cannabinoid GFP-CBR Confocal STORM
At % ,
"l s
\@ g {1
A 3 R
{ § 204 /
p, f e ‘
). F B ¥
Y W :
A H . 'a O‘L -3
' 1 Prp—p———
8 7 6
ne v ™ 9
™ e log [Fo-cannabinoki], M

General workflow of the development of PharmacoSTORM probes, demonstrated by the example
of a CB1 receptor (CB1R) ligand. I: The docking pose of the fluorescently tagged CB1R agonist
(fluo-cannabinoid) (yellow) in the CB1R (grey) (PDB code:5XRA). II: In vitro pharmacological
assay for the functional characterization of fluo-cannabinoid activity on CB1R. III, Confocal
microscopic image of HEK 293 cells expressing GFP-CB1R, stained with 100 nM fluo-cannabinoid.
IV: Comparison of confocal and STORM images depicting fluo-cannabinoid binding to CB1Rs on
the same plasma membrane segment.
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Mikroglia-neuron interakciok vizsgalata fejlodo agyban

Kellermayer Anna’, Cserép Csaba?', Schwarcz D. Anett?, Pésfai Balazs' ¢, Laszl6 I.
Zsofia* 3, Nyerges Miklos?t, Lele Zsolt?, Katona Istvan® 5, Dénes Adam?

1KOKI, ELKH, Momentum Neuroimmunol. Lab., Budapest, °KOKI, ELKH, Momentum Mol. Neurobiol. Lab.,
Budapest, 3Univ Dundee, Dundee, Skocia, *SE, Doktori Iskola, Budapest, *Dep. Psychol. Brain Sci.,
Indiana Univ, Bloomington, USA

A mikroglia az idegrendszer rezidens immunsejtje, meghatarozé szereppel bir mind
fizioldgias, mind patoldgias folyamatokban. Egyre tobb kutatds igazolja fontossagat a
fejlodo idegrendszerben, tobbek kozott a neurogenezis szabalyozasaban. A mikroglia
korai embrionalis korban vandorol a kozponti idegrendszerbe, ahol hozzajarul a
szinapszisok keletkezéséhez, elbontasahoz, valamint hatassal van — eddig ismeretlen
Utvonalon — a neurondlis differencidciéra és az idegsejtek szamara. Ezen komplex
feladatok Osszetett kommunikaciét igényelnek a neuron és a mikroglia kozott, amely
torténhet szolubilis faktorok altal, illetve kozvetlen membran-membran kapcsolaton
keresztiil. Figyelmiink kisérletsorozatunkban az utdbbiakra iranyult. A kdzelmultban
kutatocsoportunk altal leirt, neuronok sejttestjére érkezd mikroglialis kontaktus esetleges
jelenlétének, prevalenciajanak és alapstruktirajanak megfigyelését tliztik ki célul a
neurogenezis folyamatainak vizsgalata soran. Méréseinket egér agymetszeteken
végeztiik, embrionalis (E15) agy szubventrikularis zonajaban, posztnatalis (P1, P8, P15)
agykéregben és feln6tt (P90) gyrus dentatusban. Fluoreszcens immunjeldlést
alkalmaztunk: doublecortin (DCX) ellenes jelolést a posztmitotikus neuronok, Ibal és
P2Y12 receptor markereket a mikroglia kimutatasara. A metszeteket konfokalis
mikroszkdppal tanulmanyozva azt tapasztaltuk, hogy mar az embrionalis mintakban jelen
van a mikroglia-neuron kontaktus. Korrelalt fény- és elektronmikroszkdpiaval igazoltuk,
hogy a mikroglia membran-membran kapcsolatot létesit a neuronokkal, szuperrezoltcios
mikroszkoppal pedig kimutattuk a P2Y12 receptorok jelenlétét a kontaktfelszineken. A
kapcsolatok meglétén kiviil vizsgaltuk a TOM20 ellen jelolt mitokondriumok eloszlasat a
DCX+ neuronokban, mely soran azt talaltuk, hogy a mitokondriumok akkumulalédnak a
kontaktusokban. Eredményeink alapjan tehat a mikroglia a fejlédé neuronokkal is
kozvetlen kapcsolatban all, a felnottben korabban azonositott sejttestre érkezo
kontaktuson keresztiil. Ez a — kétiranyd kommunikaciot lehetové tevo — kapcsolat allhat
a mikroglia neurogenezisre kifejtett hatasainak hatterében.
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Microglia-neuron interactions in developing brain

Anna Kellermayer?, Csaba Cserép?, Anett D. Schwarcz!, Balazs Pésfai'’ 4, Zséfia I.
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1JEM, ELRN, Momentum Neuroimmun Lab, Budapest 2IEM, ELRNMomentum Mol Neurobiol Lab,
Budapest, 3 Univ Dundee, Dundee, Skocia, *Univ Semmelweis, Doctoral School, Budapest, >Dep Psychol
Brain Sci, Indiana Univ, Bloomington, USA

Microglia, the resident immune cells of the brain, play important roles in physiological and
pathological processes. In the last few years, breakthrough discoveries demonstrated the
importance of microglia in the developing brain, including regulatory roles in
neurogenesis. Microglia appear in the CNS in the early embryonic days. There they
contribute to synaptogenesis, phagocytosis of synapses, and also neuronal
differentiation, the structural basis of which remains elusive. These complex actions
require multiple levels of communication between microglia and neurons, including those
through soluble factors, and direct membrane-membrane contact. Our lab recently
discovered a direct contact between microglial processes and neuronal cell bodies in
adult, called somatic junctions. We examined the possible presence, prevalence and
structure of these somatic junctions in neurogenesis. To assess microglia-neuron
interactions, we used brain samples from embryonic E15 (subventricular zone), postnatal
P1, P8, P15 (neocortex) and adult P90 (dentate gyrus) mice. We applied
immunfluorescent staining against doublecortin (DCX) to mark postmitotic neurons, Ibal
and P2Y12R markers to stain microglia. We examined the slices with confocal laser
scanning microscope and found that the somatic junctions are already present in the
embryonic samples. With correlated light and electronmicroscopy we verified that these
junctions are indeed direct contacts, and using STORM superresolution microscopy we
demonstrated the contact-specific enrichment of microglial P2Y12 receptors in the contact
sites. We also confirmed mitochondrial enrichment in neurons at somatic junctions, using
TOM20 mitochondrial staining, examined in CLSM. These results confirm that somatic
junctions, the direct bi-directional communication sites in adult CNS, are also present in
the case of developing neurons. We suggest that microglia can monitor and regulate
developing neurons through these connections.
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Térbeli heterogenitas jellemzése mikro-CT technikaval
Vasarhelyi Livia!, Seb6k Daniel!, Szenti Imre!, Kukovecz Akos?, Kénya Zoltan? 2
1SZTE, Alk. Korny. Kém.Tsz., Szeged, 2MTA-SZTE Reakciokin. Feliiletkém. Kut. csop., Szeged

A nagyfelbontasi szamitdgépes tomografia, réviden mikro-CT egy roncsolasmentes,
haromdimenzids képalkotd eljards, amely az anyagok eltérd rontgenelnyelésén alapul.
Napjainkban elterjedten alkalmazzak anyagtudomanyi kutatdsokban, leggyakrabban
porusos szerkezetli anyagok vizsgalatara. A porozitds meghatarozasa és a porusok
méreteloszlasanak vizsgalata mikro-CT felvételek alapjan napjainkban mar rutinszer(
feladat, azonban a porusok térbeli eloszlasanak szamszer( jellemzése terén hiany
mutatkozik. A pdrusok térbeli elhelyezkedése hatassal lehet az anyagok mechanikai és
szigeteld tulajdonsagaira is, ezért ennek vizsgalata nagy jelentdséggel birhat az
anyagtudomanyi kutatasokban. A lakunaritds az anyagok térbeli heterogenitasat, a
transzlacids szimmetriatol vald eltérést jellemzd mennyiség. A lakunaritas goérbe alakjabal
kovetkeztethetlink a rendszer homogenitasara és rejtett mintazatokat is kimutathatunk.
Nagyméretl, haromdimenzidos mikro-CT adatsorok esetén a kiszamitasa a
hagyomanyosan elterjedt, atfed6 dobozokat alkalmazd, ugynevezett csiszéd doboz
modszerrel nagyon hossz( id6t vesz igénybe, emiatt nem terjedt el a mindennapi
gyakorlatban. Az altalunk implementalt, atfed6 dobozokat nem tartalmazé algoritmussal
sikertilt elérnlink, hogy a hagyomanyos mddszernél jellemz6, akar hetekig tartd szamolasi
id6t néhany masodpercre csokkentsiik, a szamitas pontossaganak veszélyeztetése nélkiil.
A kutatasunk soran valds, anyagtudomanyi jelentéséggel biré 3D mikro-CT adatsorokon
végeztiink lakunaritds szamolasokat atfeddé és nem atfed6 dobozok alkalmazasaval és
Osszehasonlitottuk az eredményeket szamolasi id6 és pontossag szempontjabdl.
Vizsgaltuk a kiilonbséget homogén és heterogén rendszerek kozott, illetve
meghataroztuk, hogy az 3D adathalmazok mérete hogyan befolyasolja a szamolasi id6t
és a pontossagot.

A munka az Innovécids és Technoldgiai Minisztérium UNKP-20-5 — kodszamu Uj Nemzeti

Kivalosag Programjanak a Nemzeti Kutatdsi Fejlesztési és Innovacios Alapbol
finanszirozott szakmai tamogatasaval késziilt.
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Mikro-CT felvételek homogén és heterogén pérusrendszerekrdl és ezek lakunaritas gorbéi atfedd
(lasst) és nem atfedd (gyors) dobozok és kiilonbozo térfogatok esetén.
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Characterization of spatial heterogeneity by micro-CT technique

Livia Vasarhelyi!, Daniel Seb6k!, Imre Szenti!, Akos Kukovecz!, Zoltan Kénya? 2

1Univ Szeged, Dep Appl Environ Chem, Szeged, 2MTA-SZTE Reaction Kin Surf Chem RG, Univ Szeged,
Szeged

High-resolution computed tomography (micro-CT) is a non-destructive, three-
dimensional imaging method based on the different X-ray attenuation of materials. It is
widely used for the investigation of porous materials. The determination of porosity and
pore size distribution based on micro-CT images is a routine calculation, the quantitative
description of spatial distribution, however, is still lacking. The spatial distribution of pores
can affect the mechanical and insulation properties of materials; thus it can have a great
importance in materials science. Lacunarity describes the spatial heterogeneity of
structures and their deviation from translational invariance. The shape of the lacunarity
curve is in correlation with the homogeneity of the system and can also indicate the
existence of hidden patterns. For large, 3D micro-CT datasets its calculation with the
usual gliding box algorithm takes an extremely long time, preventing its wide-spread
application. Our implementation of the fixed grid algorithm, which uses only non-
overlapping boxes, can decrease the computational time from weeks to just seconds,
without compromising the accuracy of the results. In our research, we used real 3D micro-
CT images relevant in materials science to calculate lacunarity, using both the gliding box
and the fixed grid method, and compared the results regarding the computational time
and accuracy. We investigated the differences between homogeneous and
heterogeneous systems and determined the effect of the size of the 3D datasets.

Supported by the UNKP-20-5 — New National Excellence Program of the Ministry for

Innovation and Technology from the Source of the National Research, Development and
Innovation Fund.
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Micro-CT images of homogeneous and heterogeneous pore structures and their lacunarity curves
calculated by gliding box (slow) and fixed grid (fast) method for various volumes.
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Az oxidalt fekete foszfor redukalasa

Bartus Pravda Cora?, Juan Gomez-Perez!, Kénya Zoltan!, Kukovecz Akos!

1SZTE, Alk. Korny. Kém.Tsz., Szeged, 2MTA-SZTE Reakciokin. Feliiletkém. Kut. csop., Szeged

A fekete foszfor (BP) termodinamikailag egy stabil allotrop a foszfor vegyiiletei kozdil.
Hasonld 2D réteges szerkezettel rendelkezik, mint a grafit, rétegeit van der Waals
kolcsdnhatasok tartjak Ossze. A BP félvezetO tulajdonagokkal rendelkezik, tiltott sav
szélessége hangolhaté a rétegek szamanak valtoztatasaval. Grafithoz hasonldan
hamlasztasos mddszerrel eldallithatdk beldle 2D szerkezet(i nanoanyagok. Egy vagy
néhany réteg vastagsagu nanoszerkezeteket tdbbek kozott folyadék fazisu vagy
mechanikus hamlasztas segitségével is elGallithatunk. A BP feliilete nagyon érzékeny,
szamos tényezd képes fellileti hibak eldidézésére, mint példaul a viz és fény, ezen fell
kdnnyen oxidalddik. Ezek a valtozasok mind befolyasolhatjak a BP eldnyds tulajdonsagait,
emiatt munkank soran célul tliztiik ki a redoxi tulajdonsagainak tanulmanyozasat a fekete
foszfor rutinszer( alkalmazasanak megkonnyitése érdekében. Kétféle oxidacio jatszodhat
le: fellileti és belsO oxidacio. Feliileti oxidacidé esetén, a felileten 1évd O atomok nem
oxidaljak tovabb az alatta levO rétegeket csak a kiilsd rétegben van valtozas. A belso
oxidacional pedig a BP teljes szerkezetét érintd valtozas jon létre, amelyet nagyobb
energia kozléssel pl.: hokezeléssel tudunk elérni, mert igy az O atomok képesek a rétegek
k6zé bejutni. Munkam soran folyadék fazisi hamlasztassal allitottam el6 nanolapokat,
melyeknek stabilitasat, oxidacidjat és redukcidjat vizsgaltam Raman és UV-Vis
spektroszkdpia segitségével. Raman mikroszkdp abban segitett, hogy ugyan azokon a
nanolapokon torténd valtozasokat tudtam figyelemmel kovetni. El6adasomban
bemutatom a fellileti oxidaciot és annak a szerkezetre gyakorolt hatasat, valamint az
oxidalt BP redukcidjanak sikerességét, hidrazin hidrat redukaldszer hozzaadasaval. A
fellleti oxidacid kevesebb, mint 1 dra alatt jatszddik le, és a kialakuld oxid réteg gatolja
a tovabbi oxidacio létrejottét. Az ismételt redukcid sikerességét a fekete foszforra
jellegzetes Alg, B2g, A2g csucsok visszarendezddésével igazoltuk.
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Az Alg cslcs nem oxidalt (kék doboz) oxidalt (piros doboz) és redukalt (fekete doboz) Raman
spektruma, b) HR-TEM kép néhany réteg(i fekete foszforrol.
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The reduction of oxidized black phosphorus

Cora Bartus Pravda?, Juan Gomez-Perez!, Zoltan Kénya?, Akos Kukovecz!

1Univ Szeged, Dep Appl Environ Chem, Szeged, 2MTA-SZTE Reaction Kin Surf Chem RG, Univ Szeged,
Szeged

Black Phosphorus (BP) is a thermodynamically stable allotrope, with a graphene-like 2D
layered structure consisting of puckered sheets of P atoms connected by weak van der
Waals forces. In addition, BP is considered to be a new type of material for making new
electronic and photonic devices due to its physical and electrical properties. The bandgap
of BP depends on the number of layers and decreases with the increase of layer number.
Similarly to graphene, BP can be exfoliated with liquid phase or mechanical exfoliation.
Black phosphorus is unstable in the air, as oxygen can easily adsorb and damage the
surface of the material at room temperature. The complete degradation of BP is also
possible with oxygen, in aqueous media and light irradiation, which is called photo-
assisted degradation. As these changes may affect the beneficial properties of BP, we
aimed to investigate its redox characteristics to improve the routine application of black
phosphorus. Liquid phase exfoliation was used to produce BP nanoflakes. The chemical
stability, oxidation and reduction of the layers were investigated with Raman and UV-Vis
spectroscopy. Raman microscope was used to identify the same nanoflake on the silicon
wafer. In normal conditions, the oxidation occurs on the surface, but increasing the
energy of the system (such as heating) will lead to interstitial oxidation, which allows O
atoms to migrate inside the BP structure. Interstitial oxidation can deform the BP structure
while surface oxidation does not. Raman spectroscopy was used to detect the chemical
stability, oxidation, and reduction of the samples. Fig.1 shows the Alg, B2g and A2g
peaks of BP. Red, dark blue and magenta boxes display the oxidization of BP, while other
boxes (green, cyan) show the reduced, elemental materials. BP flakes can be easily
oxidized in the air within less than 1 hour. Hydrazine can repeatedly be used to reduce
oxidized BP in 1-2 hours.
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a) Alg peak, Raman spectra of the not oxidized (blue box), oxidized (red boxes) and reduced
(black boxes) BP, HR-TEM image b) few layers of BP with the scale bar of 500 nm.
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Bor-nitrid nanogombok szintézise és stabilitasuk vizsgalata

Hegedilis Timea!, Vasarhelyi Livia!, Takacs Dora? Saringer Szilard?, Szilagyi
Istvan?, Koénya Zoltan' 3

1SZTE, Alk. Korny. Kém.Tsz., Szeged, 2MTA-SZTE Lendiilet Biokoll. Kut. csop., Fiz. Kém. Anyagtud. Tsz.,
Szeged, MTA-SZTE Reakciokin. Feliiletkém. Kut. csop., Szeged

A boér-nitrid (BN) nanoszerkezetek egyik kiilonésen érdekes kristdlyos formaja a
hexagonalis bor-nitrid (h-BN). Szerkezete a grafénéhez hasonld, egyes tulajdonsagai
azonban eltéréek. A h-BN rétegek képesek kiilonbdzo struktirakat kialakitani, amik kozdl
ebben a munkdban a gomb alaki nanorészecskékkel foglalkoztunk, melyet kémiai
gbzfazisu levalasztassal dllitottunk el6 magas homérsékleten. Transzmisszios
elektronmikroszkoépia (TEM) és rontgen diffraktometria (XRD) segitségével ellendriztiik a
szintézis sikerességét, illetve vizsgaltuk a kapott részecskék morfoldgiai sajatsagait. A
fliggnek a tulajdonsagaik és felhasznalhatésaguk, példaul az orvostudomanyban csak
megfelel6é méretli részecskék hasznalhatéak. Ezt kovetden vizsgdltuk a kiilénbdzd
paraméterek hatasat a részecskék kolloid stabilitdsara nézve, ami nagy jelentéséggel bir
a bioldgiai felhasznalast illetéen, mert az életjelenségek csak kolloid allapotu
rendszerekben jatszddnak le. Tanulmanyoztuk a részecskék toltésviszonyait és
aggregacios sajatsagait kiilonb6z6 egy- és tobbértéki ionok jelenlétében, mivel ezek a
felhasznalas soran is jelen lehetnek a részecskediszperzidkban. A megfigyeléseinket
kilonb6z6 elméletek segitségével értelmeztiik és szamszer(sitettiik. Ezeket a
jelenségeket dsszetettebb polielektrolitok jelenlétében is vizsgaltuk, amik hozzajarultak a
részecskék stabilitdasanak noveléséhez meghatarozott ionerésségig. Korabbi publikacidk
nem szamoltak be ilyen jellegl szisztematikus vizsgalatokrol, ezaltal az eredményeink
hasznosak lehetnek a jovdben, amennyiben a gomb alaki BN részecskéket elektrolit
tartalmu kozegben tervezik felhasznalni, vagy az adott alkalmazas szempontjabol fontos
szempont a kolloid diszperziok stabilitasa.

Az Innovécids és Technoldgiai Minisztérium UNKP-20-3 — kddszamu Uj Nemzeti Kivéldsag

Programjanak a Nemzeti Kutatasi, Fejlesztési és Innovacios Alapbdl finanszirozott szakmai
tamogatasaval késziilt.
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A kritikus koagulaciés koncentracid valtozasa az ionok vegyértékének fiiggvényében (bal), a
részecskék TEM képe (kézépen), a felhasznalt polielektrolitok sematikus abrazolasa (jobb).
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Synthesis and colloidal stability of boron nitride nanospheres

Timea Hegediis!, Livia Vasarhelyi!, Do6ra Takacs?, Szilard Saringer?, Istvan
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1Univ Szeged, Dep Appl Environ Chem, Szeged, 2Univ Szeged, MTA-SZTE Biocolloids RG, Szeged, >MTA-
SZTE Reaction Kin Surf Chem RG, Univ Szeged, Szeged

An important crystalline form of boron nitride (BN) is its hexagonal form (h-BN). It has a
structure similar to graphene, however, some of its properties are distinct. Layers of h-
BN are able to stack into different structures, here we prepared spherical BN through a
chemical vapour deposition process at high temperature. Transmission electron
microscopy (TEM) and X-ray diffractommetry (XRD) were used to control the synthesis
and to define the morphological characteristics of the obtained material. Size and
morphology of the particles determine their properties and usability, e.g. in medicine
where only particles having a specified size can be used. Then, we examined the effect
of different parameters on the particles’ colloidal stability, which is also important since
life phenomena happen in colloidal systems. We have studied the charging and
aggregation properties of the particles in the presence of different mono- and multivalent
ions that can be present in the dispersions during the different applications. Our
observations are interpreted and quantified using different theories. We have examined
the mentioned properties in the presence of polyelectrolytes, they enhanced the stability
of the particles up to a specified ionic strength. Earlier publications have not reported
such systematic examinations, thus our results may be useful in the future, when BN
nanospheres are planned to be used in a medium containing electrolytes or the colloidal
stability is important.

Supported by the UNKP-20-3 — New National Excellence Program of the Ministry for

Innovation and Technology from the Source of the National Research, Development and
Innovation Fund.
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Critical coagulation
concentration

The Variation of the critical coagulation concentration with the valence of the ions (left), TEM
picture of the particles (middle), schematic illustration of the polyelectrolytes used (right).
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SEM vizsgalatokra alkalmas cianobakterialis biofilm kialakitasa

Domonkos Ildiké!, Ivy Mallick?, Prithwiraj Kirtanial, Kés B. Péter' 2, Vass Imre!

1S8zBK, ELKH, Szeged, °SzTE, Biotechnol. Tsz., Szeged

A cianobaktériumok fotoautotréf prokariéta szervezetek, melyek dont6 szerepet
az Okoszisztémak szamara. A természetes vizekben szabadon lebeg6é életmddot
folytatnak, de nedves fellletekre kitapadva soksejtli kozosséget, biofilmet is alkothatnak.
A cianobakteridlis biofilm biotechnoldgiai felhasznalasaban nagy lehetGségek rejlenek,
forrasai lehetnek értékes bioaktiv vegylileteknek, vagy felhasznalhatok a
szennyviztisztitasban és bioremediacidban is. Jelent6ségiik ellenére csak keveset tudunk
a fotoautotréf biofilmekr6l. A laboratdriumi vizsgalatokat altalaban célszer(i ismert
genetikai hatterd, jol karakterizalt modell szervezeteken végezni. Ilyen a Synechocystis
sp. PCC6803 egysejtli cianobaktérium is, amely az oxigéntermeld fotoszintézis
kutatasanak modell organizmusa. Altalaban folyadékkultiraban nevelve tanulmanyozzak
folyamatos razatas mellett, és csak mostanaban kezdik vizsgalni a Synechocystis biofilmek
tulajdonsagait. Munkank célja volt, hogy kifejlessziink egy egyszer(i modszert, amellyel
laboratoriumi  kortilmények kozott tudunk Synechocystis biofilmet létrehozni, amely
kozvetlenlil vizsgalhatd pasztdazd elektronmikroszkdppal és fiziologiai mérésekre is
alkalmas. A Synechocystis sejteket (iveg, polikarbonat és (vegszalas filter (GMF)
fellleteken neveltiik. A GMF durva, egyenetlen felszinén a sejtek képesek voltak erésen
letapadni és biofilmet létrehozni, de az alap tul gyenge volt, a mikroszképos
mintael6készités soran feltoredezett, és a biofilm szerkezete sériilt. Vizalld polihidroxi-
butirat bevonat alkalmazasaval sikertiilt a GMF felszint ellenalldbba tenni, ugyanakkor a
felszin alkalmas maradt a sejtek megtapadasara és biofilm létrehozasara.

Munkankat a GINOP-2.3.2-15-2016-00058 €s GINOP-2.3.2-15-2016-00001 tamogatta.
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Synechocystis sejtek altal (ivegszalas filter fellletén Iétrehozott biofilm SEM felvételen. Lépték:
10 pm.
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A simple method to produce cyanobacterial biofilms appropriate for
SEM studies

Ildiké Domonkos?!, Ivy Mallick?!, Prithwiraj Kirtania?, Péter B. K6s'' 2, Imre Vass!

1Inst Plant Biol, BRC, ELRN, Szeged, 2Dep Biotechnol, Univ Szeged, Szeged

Cyanobacteria are photoautotrophic prokaryotes playing crucial role in the evolution of
life and fundamental role in ecosystems as primary producers. They exist in free-living
form in the natural waters or form multicellular surface-attached communities, called
biofilms. Cyanobacterial biofilms have a high potential for biotechnological applications
as source of valuable compounds or tool in wastewater treatment. Despite the importance
of cyanobacterial biofilms, our knowledge about photoautotroph biofilms is very poor. For
laboratory studies, it is advantageous to use well-characterized model organisms with
known genetic background. The unicellular Synechocystis PCC6803 (Synechocystis) is a
model organism for the study of oxygenic photosynthesis. Usually, it is studied in liquid
cultures and only in the last years started to investigate Synechocystis biofilms. Our aim
was to develop a simple method for producing Synechocystis biofilm under laboratory
conditions, which can be used directly for scanning electron microscopy and physiological
studies. Synechocystis cells were cultured on glass coverslips, polycarbonate or glass
microfiber filters (GMFs). Culturing on the rough surface of GMF, cells could form biofilm,
but the GMF membrane was very fragile and it could not withstand harsh treatments
during sample preparation for SEM, leading to damage of the biofilm structures.
Therefore, we used a water-resistant polyhydroxybutyrate (PHB) coating on the
membrane to increase the integrity of the surface. The SEM images displayed that if the
GMFs were coated with PHB, Synechocystis was able to form biofilms, which remained
intact during sample preparation.

This work was supported by GINOP-2.3.2-15-2016-00058 and GINOP-2.3.2-15-2016-
00001.

37



SEM image of Synechocystis biofilm on the surface of glass microfiber filter. Bar: 10 pm.
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Kétdimenziods nitridek a grafén /SiC kozt

Pécz Béla?', Giuseppe Nicotra?, Filippo Giannazzo?, Rositza Yakimova3, Kods Antal?,
Anelia Kakanakova-Georgieva3

1EK MFA, Budapest, 2CNR IMM Catania, Olaszorszag, >Linkdping Univ, Svédorszag

A kétdimenzios nitrid félvezetok varhatdan Ujszer(i, a tombitdl eltér6 tulajdonsagokkal
rendelkeznek Kisérleteink epitaxialis grafén/SiC mintakbdl indultak ki és azt céloztak, hogy
hidrogénes hokezelés utan a grafénen keresztiil fémeket, majd nitrogént juttassunk ebbe
a szlikos térbe, igy allitsunk el6 2D AIN, GaN és InN ultravékony rétegeket. Az elGadas
targyalja az egyes eseteket, az AIN példajan azt, hogy milyen korlatokkal valdsithaté meg
a novesztés. Az InN példajan megtanultuk, hogy mennyire fontos a ndvesztett nitrid réteg
stabilizacidja, ami csak a nitrogén forras leh(ités alatti folyamatos hasznalataval
valdsithaté meg. TEM/STEM felvételekkel megmutatjuk a mindossze két rétegbdl allé InN-
det. AFM-mel a minta fedettségét. STM (Scanning Tunnelling Microscopy) segitségével
sikerlilt felvenni aram-fesziiltség karakterisztikat és ezzel megmérni a félvezetd
savszélességet, ami a két atomi rétegl InN esetében 2 eV-nak adddott a témbi 0,7 eV
helyett. EDS és EELS mérések eredményeként kijelenthetjiik, hogy sztdchiometrikus és
tiszta (oxigéntdl mentes) réteget sikerdilt Iétrehoznunk. ABF felvételekkel az egyes indium
és nitrogén poziciokat is lathatdva tettiik.

ABF kép az indium és nitrogén pozicidkkal; az inzert a szimulalt képet mutatja.
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2D nitrides grown in the closed space of graphene/SiC

Béla Pécz!, Giuseppe Nicotra?, Filippo Giannazzo?, Rositza Yakimova3, Antal Koos!,
Anelia Kakanakova-Georgieva3

1TPMS, CER, ELRN, Budapest, 2CNR IMM Catania, Italy, 3Univ Linkdping, Sweden

Two dimensional nitrides promise very different properties from their bulk versions. In
our experiments graphene/SiC templates were used and MOCVD (Metalorganic Chemical
Vapour Deposition) was applied (after hydrogenation of the template) to grow 2D nitrides
in that closed space. First we had to insert metallic atoms through the graphene by
intercalation, then nitrogen in order to make 2D GaN, AIN and InN layers. The talk will
discuss all the above cases and AN will show the limitations of the method, while InN
could be grown only in the case when the nitrogen was fed during the cooling down
process of the sample as well. TEM/STEM images show the bilayer of the successfully
synthesized InN. Conductive AFM measurements gave the coverage of the grown phases.
In the case of InN STM was used in STS (Scanning Tunnelling Spectroscopy) mode to
record I-V curves from which the bandgap was determined as 2 eV instead of the value
of 0.7 eV characteristic for the bulk. EDS and EELS measurements were carried out and
finally we concluded that our bilayer InN is stoichiometric and clean (does not contain
oxygen). ABF (Annular Bright Field) images was used to visualise the indium and nitrogen
atomic positions.

ABF image showing the indium and nitrogen atomic positions, the insert is a simulated
image.
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Hatarfeliiletek jelentosége fémmel modositott fémoxid alapu
nanoszerkezeteken CO: aktivalasi reakciokban

Szenti_Imre'?, Sapi Andras!, Anastasiia Efremova!, Szamosvolgyi Akos!, Kiss
Janos? Fogarassy Zsolt?, Pécz Béla® Zaoli Zhang*, Ulrich Haselmann*, Kukovecz
Akos!, Kénya Zoltanl2

1SZTE, Alk. Korny. Kém.Tsz., Szeged, 2 MTA-SZTE Reakciokin. Feliiletkém. Kut. csop., Szeged, >MFAI, EK,
ELKH, Budapest, “Erich Schmid Inst. Mat. Sci., Austrian Acad. Sci,, Leoben, Ausztria

A CO, atalakitdsa az ipar szamara fontos nyersanyagokka napjaink egyik legjobban
kutatott terlilete a heterogén katalizisben. A laboratériumi kisérletekben és a
gyakorlatban tdbbnyire oxidhordozds fémtartalmd katalizatorokat hasznalnak. A fent
emlitett folyamatok soran az alkalmazott katalizatorok tobbsége nemesfémeket is
tartalmaz, melyek bar nagymértékben fokozzak a katalizatorok aktivitdsat, de meg is
novelik azok elballitasi koltségét. Koztudott, hogy a katalizator és a hordozd kozotti
hatarfelliletek fontos szerepet jatszanak a katalitikus reakcidkban. Manapsag a
nanoanyagok koraban a nanorészecske alapu katalizatorok nagy aktivitast mutatnak,
melynek egyik lehetséges magyarazata a hatarfelliletekben gazdag feliilet. A nemesfém-
fémoxid katalitikus rendszerekben a fém-oxidok nemcsak a nemesfémek diszperzidjat
segitik eld, hanem az erds fém-hordozd kolcsénhatas miatt befolyasoljak a katalitikus
aktivitast és a szelektivitast is. Ennek a kdlcsonhatasnak a természete mai napig nem
trividlis, és szamos tényezd befolyasolja, mint példaul az elektronikus tartdszerkezet, a
tartéfeliilet, a ligossag, a redukalhatdsag és a morfoldgia. Jelen tanulmanyunk célja,
hogy a fém-fémoxid hordozd és a nemesfém részecskék kozott kialakuld hatarfeliileteket
feltérképezése és aktivitdsndveld hatasuk megértése. Ehhez kiilonbozo tipusu
mezopdrusos oxidokat (Co304 €s MnO;) készitettiink replika modszerrel, templatként
mezopdrusos KIT-6-ot hasznaltuk, prekurzorként pedig az atmenetifémek nitrat sdit. Az
oxidok felliletére 1 tdmegszazalékban kontrollalt méretli (5nm) Pt részecskéket vittiink
fel. Az igy létrehozott katalizatorokat és a rajtuk kialakult hatarfellileteket az alabbi
technikakkal jellemeztiik: HRTEM, NAP XPS, DRIFTS, EXAFS; aktivitasukat a CO:
hidrogénezési reakciokban teszteltiik.

Az Innovécids és Technoldgiai Minisztérium UNKP-20-4-SZTE-634 kddszamu Uj Nemzeti

Kivalosdg Programjanak a Nemzeti Kutatds|, Fejlesztési és Innovacios Alapbol
finanszirozott szakmai tamogatdsaval késziilt.
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A Pt/MnO, HRTEM és IFFT képe
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Importance of the interface of the nanostructure-based metal-
oxides modified by metals in CO: activation reaction

Imre Szenti' 2, Andras Sapil, Anastasiia Efremova?, Akos Szamosvoélgyi?, Janos
Kiss?, Zsolt Fogarassy3, Béla Pécz3, Zaoli Zhang? Ulrich Haselmann4, Akos
Kukovecz!, Zoltan Konyals 2

1Univ Szeged, Dep Appl Environ Chem, Szeged, °MTA-SZTE Reaction Kin Surf Chem RG, Univ Szeged, Szeged, STPMS,
CER, ELRN, Budapest, “Erich Schmid Inst Mat Sci, Austrian Acad Sci, Leoben, Austria

Reducing CO; levels and transforming into important raw materials for industry is one of
the most researched areas in heterogeneous catalysis today. In laboratory experiments
and in practice mostly oxide-supported metal-containing catalysts are used. Most of the
catalysts used in the above-mentioned processes also contain noble metals, which,
although greatly increase the activity of the catalysts, also increase their production cost.
Today, in the age of nanomaterials, nanoparticle-based catalysts show high activity
because of their interface-rich surface. In noble metal-metal oxide catalytic systems metal
oxides are not only there to help the dispersion of noble metals but also affect catalytic
activities and selectivity due to the presence of strong metal-support interaction. The
nature of this interaction is not trivial and influenced by many factors such as support
electronic structure, support surface area, basicity, reducibility, morphology. The aim of
the present study is to investigate in detail the interfaces formed between the metal-
metal oxide support and the noble metal particles and to understand their activity-
increasing effect. For this, we fabricated different types of mesoporous oxides (Co304,
and MnQO3) through the replica method using mesoporous KIT-6 as a hard template and
nitrate salts of the transition metals as precursors, then 1 wt%, 5 nm Pt nanoparticles
were dropped to their surface. The prepared catalysts and the metal-oxide interfaces
were characterized by the following techniques: HRTEM, NAP XPS, DRIFTS, EXAFS, and
their activity was tested in the CO> hydrogenation reactions.

Supported by the UNKP-20-4 -SZTE-634 New National Excellence Program of the Ministry

for Innovation and Technology from the Source of the National Research, Development
and Innovation Fund.
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HRTEM and IFFT image of Pt/MnO;
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Anatomical comparison of hippocampal HS and OLM interneurons
using SEM array tomography

Aron Orosz!, Zsuzsanna Bardoczi!, Abel Major!, Virag T. Takacs!, Péter Papp?,
Katalin E. Sos!, Marton I. Mayer!, Zsuzsanna Hajos!, Tamas F. Freund!, Gabor
Nyiri!

IMomentum Mol Neurobiol Lab, IEM, ELRN, Budapest

The hippocampal formation of the mammalian brain is essential in learning and memory
processes. Its main output neurons are the pyramidal cells, which are strongly innervated
by different types of GABAergic neurons, including the somatostatin-positive hippocampo-
septal (HS) and oriens-lacunosum moleculare (OLM) interneurons, which accurately
regulate the input of the pyramidal cells by dendritic inhibition. To fully understand how
the hippocampus, more precisely the dendritic inhibition, works we need precise
interneuron models, for which we need their physically and morphologically accurate
dendritic parameters. Electrical conductance of neuronal processes depend on several
factors, e.g. the surface area of dendritic segments, the volume of cytosol of dendritic
segments, the latter of which is strongly affected by the volume of their mitochondria.
The variability of these data provoke a difference in the sensitivity to the inputs of
dendritic segments along the dendritic tree. Thus the density and number of
excitatory/inhibitory inputs are especially important, because they control the excitability
of neurons to a different extent in different regions, like the soma and the dendritic tree,
including their branching points. Using array tomography with scanning electron
microscopy (SEM), we reconstructed two different types of GABAergic somatostatin-
positive neurons labeled using viral and retrograde BDA tracing, the HS and the OLM
interneurons. After the precise calibration of tissue shrinkage/dilatation during tissue
processing, we measured the above mentioned parameters along the dendritic tree and
the soma (approximately 400 um from the soma). Using double immunolabeling, we also
revealed the density of inhibitory and excitatory synapses. Our results show highly
variable parameters along the dendritic tree that need to be incorporated into precise
models of the hippocampal network.
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A hatarfeliiletek kitiintetett szerepe Ce-Ni heterogén katalitikus
rendszerekben: tanulmanyozas TEM-mel

Szamosvolgyi Akos!, Rajkumar Thangavel!, Sapi Andras' 2, Szenti Imre!, Abel
Marietta!, Juan Fernando Goémez-Pérez!, Baan Kornélia!, Fogarassy Zsolt?,
Dddony Erzsébet3, Kiss Janos' 4, Kukovecz Akos!, Kénya Zoltan'. 4

1S8ZTE Alk. Korny. Kém. Tsz., Szeged, 2SZTE, Kornytud, Miiszaki Int,, Szeged, MFAI, EK, ELKH, Budapest,
4MTA-SZTE Reakciokin. Feliiletkém. Kut. csop., Szeged

Kutatdcsoportunk kisérleteinek kozponti témaja jelenleg a CO. heterogén katalitikus
atalakitasa. Ezek a katalitikus rendszerek jellemzoen atmeneti fém oxid hordozokbdl és
atmeneti fém és elemi fém vagy fém-oxid nanorészecskékbdl allnak. Kisérleteinkkel a
hatarfelliletek szerepét vizsgaltuk, két mintat tesztelve parhuzamosan. Szolvotermalis
modszerrel eldallitott CeO; katalizator hordozdra impregnaltunk NiO nanorészecskéket
illetve szolvotermalis modszerrel allitottunk eld olyan oxidot, amelynek a racsaba Ni és Ce
atomok egyarant beépiilnek. Mindkét esetben a mintakban a fém atomok névleges atomi
eloszlasa Ce:Ni 9:1. A mintakat az anyagtudomanyokban elterjedt mddszerekkel (TEM,
XRD, BET, H2-TPR, Raman-spektroszkopia) karakterizaltuk. A CO; redukcidban katalitikus
aktivatsukat folyamatos aramu, gazfazisu reaktorban teszteltiik. A reakcio lezajlasat egy
FID és TCD detektorral felszerelt gazkromatograf segitségével kdvettiik. A katalizatorokon
zajld reakciokat in situ DRIFTS és ex situ XPS mddszerekkel is vizsgaltuk. Emelett HRTEM
és HAADF felvételek késziiltek az elOkezelés és a reakcidé utani allapotokrdl. A két
kiilénb6zd katalizator rendszer egyarant 10 nm koriili gémbszer( szemcsékbdl épiil fel. A
NiO nanorészecskéket tartalmazé mintaban EDS segitségével jol vizualizalhatd, hogy a Ni
eloszldsa a mintaban inhomogén és par nanométeres zarvanyok formajaban van jelen.
Ezzel ellentétben, ha a Ni atomok beépiilnek a CeO; kristalyracsba, eloszlasuk homogén
— ebben az esetben a Ni redukcidja az elOkezelés soran nem megy végbe, ezzel
magyarazhatd ennek a katalizatornak az alacsonyabb aktivitdsa és CO képzés felé
iranyuld szelektivitasa.

Ez a projekt Innovacids és Technoldgiai Miniszterium UNKP-20-4-SZTE-634 kddszamu Uj

Nemzeti Kivalosag Programjanak a Nemzeti, Kutatdsi, Fejlesztési €s Innovacios Alapbol
finanszirozott szakmai tamogatasaval jott létre.
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20 nm

A katalizatorokrol a reakcié utan HAADF mddban késziilt TEM felvételek (a - Ce-Ni keverék oxid,
b - Ni-lel adalékolt CeO,). Az elkészitett elemtérképek segitségével jol szemléltethetd a Ni atomok
eloszlasa a Ce-Ni keverék oxid (c) és a Ni-lel adalékolt CeO; (d) rendszer esetében.
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Diffrakcios miitermékek kriogén kalcit ikrektol

Németh Péter!, Paul Tochterle3, Yuri Dublyansky3 Roland Staldert, Molnar
Zsombor?, Christoph Spotl3

1Foldtani Geokém. Int, CSFK, ELKH, Budapest 2Bio-nanotechnol. Miiszaki Kém. Kut. Int., Pannon
Egyetem, Veszprém, 3Inst. Geology, Univ. Innsbruck, Ausztria, *Inst. Mineral, Petrogr., Univ. Innsbruck,
Ausztria

A transzmisszios elektronmikroszkdpia a fazisatalakulasok vizsgalatanak egy hatékony
modszere. Az atalakulas soran kationok és/vagy anionok meghatarozott kristalytani
iranyok mentén rendezodhetnek, amelynek eredményeként extra reflexiok jelenhetnek
meg diffrakcids képeken. Ezek a reflexidk az elemi cella duplazdédasara és a kristalytani
szimmetria csokkenésére utalhatnak. Azonban ikresedés is eredményezhet hasonlo
diffrakcids sajatossagokat. El6adasunkban ezeknek a sajatossagoknak a felismerésére és
helyes magyarazatara hivjuk fel a figyelmet. A Victoria-barlangbdl (dél Ural, Oroszorszag)
szarmazd glendonit — ikait (CaCO3*6H,0) utani kalcit (CaCO3) pszeudomorfdza (alalak) —
nanoszerkezetét vizsgaltuk TEM mddszerekkel és az 5°C felett torténd ikait-kalcit
atalakulasra utalé szerkezeti jegyeket kerestiink. Szelektalt terilet elektrondiffrakcids
felvételeken extra-reflexidk jelentek meg a kalcit reflexidi kozott és a nagyfelbontasu TEM
(HRTEM) 10-20 nm méret(i ikrek és atlapold szemcsék jelenlétére utalt (1-es abra).
Medfigyeltiik, hogy az {104} ikrek, a vastagsagbol adodd dinamikus elektronszérddas és
az atlapold nanoszemcsék olyan reflexidkat eredményeznek amelyek tévesen az elemi
cella duplazddasara és a kalcit szerkezeti rendezodésre utalhatnak. El6adasunkban
ramutatunk, hogy ezen sajatossagok nem feltétleniil hozhatdk Gsszefliggésbe az ikait-
kalcit atalakulassal.

A kutatast a bilaterdlis 2019-2.1.11 -7'E'7'-g01 9-00016, ANN134433 és FWF 1027070
palyazatok, az MTA Bolyai Janos Kutatdsi Oszténdija, €s az Innovdcios és Technologiai
Minisztérium UNKP-20-5-PE-7 kddszamu uj nemzeti kivalosagi programja tamogatja.
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HRTEM kép egy kriogén kalcitbdl szarmazd {104} ikerr6l. A Moire-racs (fehér korrel jelolt teriilet)
10-20 nm-es atlapold nanoszemcsékre utal. A képbdl szamolt FFT-n az {104} ikresedés és a
szemcsék atlapolddasanak eredményeként extra reflexiok és szatellitek lathatok.
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Diffraction artifacts from cryogenic calcite twins

Péter Németh!, Paul Tochterle3, Yuri Dublyansky3, Roland Stalder*, Zsombor
Molnar?, Christoph Spoti®

1Inst Geol Geochem Res, RCAES, ELRN, Budapest 2Res Inst Biomol Chem Engin, Univ Pannonia,
Veszprém, ’Inst Geol, Univ Innsbruck, Austria, “Inst Mineral Petrogr, Univ Innsbruck, Austria

Transmission electron microscopy (TEM) is a powerful method for studying phase
transitions. During this process the ordering of cations and/or anions along specific
crystallographic directions can take place. As a result, extra reflections may occur on
diffraction patterns, which can indicate cell doubling and the reduction of the
crystallographic symmetry. However, similar features may also arise from twinning. Here
we emphasize the recognition of reflections from twins as they can lead to erroneous
conclusions. We studied the nanostructures of glendonite, macroscopic pseudomorphs of
calcite (CaCO3) after ikaite (CaCO3*6H,0), from Victoria cave (Southern Ural, Russia)
using TEM and searched for structural features indicative of the ikaite-to-calcite
transformation, which occur above 5°C. Selected-area electron diffraction patterns and
fast Fourier transforms (FFT) revealed extra reflections halfway among those of calcite
and high-resolution TEM (HRTEM) images showed evidence of 10-20 nm nanotwins and
10-40 nm overlapping nanograins (Fig. 1). We found that {104} twins, dynamical
scattering arising from thick samples and overlapping nanograins gave rise to reflections
that can mistakenly be attributed to cell doubling and structural ordering of calcite. In
our presentation we discuss these structural features and point out that they are not
unique for the ikaite-to-calcite transformation.

The research is supported by the bilateral 2019-2.1.11-TET-2019-00016, ANN1 34433 and
the FWF 1027070 projects as well as a Janos Bolyai Research Scholarship and the UNKP-
20-5-PE-7 New National Excellence Program of the Ministry for Innovation and
Technology.
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HRTEM image of a {104} twin of a cryogenic calcite. Moire fringes (marked by a white circle)
indicate ~10-20 nm-sized overlapping nanograins. The FFT calculated from the image reveals
{104} twin reflections (white arrows) and satellites arising from the superpositions of the
nanograins (indicated by the white circle)
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Transzmisszids elektronmikroszkdpiaval és kisszogii neutron-
szorassal kimutatott granum ultrastruktira valtozasok sdstressz
hatasara fodormentaban (Mentha spicata L. var. crispa)

Richard Hembrom?, Roumaissa Ounoki!, Agh Ferenc! 2, Unnep Renata3, Szogi-
Tatar Bernadett?, Boszorményi Andrea?, Solymosi Katalin!

1ELTE Novényszerv. Tsz.,, Budapest, °SE Farmakognoziai Int., Budapest, 3Neutronspektroszk. Lab., EK,
ELKH, Budapest

Munkankban kloroplasztiszok ultrastruktirajat tanulmanyoztuk frissen levagott
fodormenta (Mentha spicata L. var. crispa) hajtasokon, melyeket 0, 5, 25 és 50 mM NaCl
sostressz kezelésnek tettiink ki 2 hétig. Masik kisérletiinkben 150 mM NaCl kezelést és
vele azonos ozmolaritasu polietilén glikol (PEG-6000) alkalmaztunk frissen vagott
(gyokértelen) és gyokeres fodormentan, 1 hétig. Transzmisszids elektronmikroszkdpiaval
tipikus kloroplasztiszokat talaltunk a 0 (kontroll), 5 és 25 mM NaCl kezelt névényekben,
és a gyokeres PEG-gel kezelt ndvényekben, melyekben a plasztoglobulusok electron-
transzparensekkeé valtak. Ezzel szemben, a 150 mM NaCl oldattal 1 hétig kezelt gyokeres
novényeknek barnas és zoldes levél régidi is voltak, melyekben hasonlo, elektrondenz
sztrémdju szintestek fordultak el6, nagy plasztoglobulusokkal, keményitd nélkdil,
pontozott testekkel, szabalytalan tilakoid rendszerrel, rendezetlen granumokkal. Az intakt,
kontroll illetve sdstresszelt gydkeres fodormenta névének kisszogli neutronszdras mérései
kimutattak, hogy a granumok szabdlyosan rendezett szerkezetét jellemz6 Bragg csucs
elt(int a sdstressz kezelés hatasara. A 150 mM NaCl-dal, PEG-gel vagy 50 mM NaCl-dal
kezelt frissen vagott novények kiszaradd leveleiben karosodott sejtek és szintestek
fordultak el6, de a granumok még jol kivehetOk voltak. Vizsgalataink betekintést
nyUjtanak abba, hogy milyen ultrastrukturalis valtozasokat idéz el az ionos és ozmotikus
stressz a fodormenta plasztiszaiban.

A munkat az OTKA FK 124748 pélydzata és az MTA Bolyai Jinos Kutatdsi Osztondija
tamogatta (S.K.).
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Kloroplasztisz 2 hétig desztillalt vizzel kezelt (kontroll, A) és 50 mM NaCl-dal kezelt (B) fodormenta
hajtasok 4. levelébdl
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Alterations in granum ultrastructure under salt stress in spearmint
(Mentha spicata L. var. crispa) as revealed by transmission electron
microscopy and small-angle neutron scattering

Richard Hembrom?, Roumaissa Ounoki!, Ferenc Agh? 2, Renata Unnep3, Bernadett
Szogi-Tatar?, Andrea Boszorményi?, Katalin Solymosit

1Dep Plant Anatomy, ELTE, Budapest, 2 Dep Pharmacognosy, Univ Semmelweis, Budapest > Dep
Neutronspectrosc., CER, ELRN, Budapest

In this study we investigated ultrastructural changes of chloroplasts in freshly cut
spearmint (Mentha spicata L. var. crispa) shoots exposed to 0, 5, 25 and 50 mM NaCl
concentrations of salt stress for 2 weeks. In another set of experiments, we compared
the effect of 150 mM NaCl and isosmotic polyethylene glycol (PEG-6000, with the same
osmolarity as 150 mM NaCl) on freshly cut (rootless) and rooted spearmint plants for 1
week. Transmission electron microscopy (TEM) revealed normal chloroplasts in 0
(control), 5 and 25 mM NaCl treated plants, and in rooted plants treated with PEG, but
plastoglobuli became electron-transparent in them. In contrast, rooted plants treated with
150 mM NaCl for 1 week had brownish and greenish leaf regions, which had similar
chloroplast with highly electron-dense stroma containing large plastoglobuli, no starch,
some spotted bodies and disorganized thylakoid system, with irregular grana. Small-angle
neutron scattering of the leaves of intact, control rooted spearmint plants and salt
stressed ones showed that the Bragg peak characteristic for the highly ordered structure
of grana disappeared under salt stress. The drying leaves of rootless plants treated with
150 mM NaCl, PEG, or 50 mM NaCl had disrupted cells and plastids, but grana were still
visible in these plants. Taken together, these ultrastructural alterations offer insights into
how ionic and osmotic stress affects plastid structure in spearmint.

Acknowledgements: This research was financed by the grants OTKA FK 124748 and the
Bolyai Janos Research Scholarship of the Hungarian Academy of Sciences (to K.S.).

Chloroplast of the 4th leaf of spearmint shoots treated with distilled water (control, A) or 50 mM
NaCl (B) for two weeks.
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A talajban mélyre vetett magokbdl fejlédd buza ( 7riticum aestivum L. cv. Mv Béres)
csiranovények levelei kezdetben sotétben fejlodnek és specidlis szintesteket, un.
etioplasztiszokat tartalmaznak. A talajfelszinen fényen torténd csiraztataskor
kloroplasztiszok fejlddnek benniik. Tiz napos, fényen vagy sotétben nétt buza
csirandvényeket rovidtava (4 oras, sotétben torténd) nagy koncentracioju kezeléseknek
tettlink ki (600 mM NaCl:KCl, 1:1 oldaton Usztattuk 2 centiméteres levélszegmenseiket).
JelentOs ultrastrukturalis valtozasokat figyeltink meg a sotétben nevelt buza
etioplasztiszokban: a protilakoid membranok intratilakoidalis tere szokatlanul
megduzzadt, valamint az envelop membran invaginacidi is megjelentek a stressz
hatasara. Masfeldl ugyanezen kezelés a fényen nétt levélszegmensek esetében nem
valtott ki valtozast a kloroplasztiszok belsé membranjainak szerkezetében, de periferialis
vezikulumok és envelop membran bet(irédések itt is megjelentek. Amikor a 4 6ras so sokk
kezelés erds fényen (250 pmol s m2 foton flux denzitdson) tortént, a fotoszintetikus
aktivitas jelentGsen lecsokkent, ahogy a granumok magassaga és atmérdje, valamint
ismétlodési tavolsaga is. Utobbi eredményeket in vivo kisszogl neutronszdéras mérésekkel
is alatamasztottuk. Adataink alapjan a fényen és sotétben nevelt csirandvények
szintestjeinek a sostresszel szembeni érzékenysége alapvetben eltér egymastol.

A munkat az OTKA FK 124748 pdlydzata és az MTA Bolyai Janos Kutatasi Osztondija
tamogatta (S.K.).
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The leaves of wheat (7riticum aestivum L. cv. Mv Béres) seedlings germinating from
seeds sown deep in the soil develop first in the absence of light and contain special
plastids, the so-called etioplasts. When germinated on the soil surface in light, they
develop chloroplasts. We investigated the effects of a short-term, 4-hour-long high
concentration salt shock treatment (floating of 2-cm-long leaf segments on 600 mM
NaCl:KCl solution, 1:1) in 10-day-old dark-grown and light-grown wheat seedlings. Strong
ultrastructural alterations were observed in the etioplasts of the dark-grown wheat leaf
segments: the intrathylakoidal spaces of the prothylakoids were unusually swollen and
invaginations of the envelope membranes appeared as a result of the stress. On the other
hand, the same treatment performed on the leaf segments of light-germinated, green
plants resulted in no alterations in chloroplast inner membrane structure, but peripheral
vesicles and invaginations of the envelope membranes appeared. When the 4-h-long salt
treatment was carried out under strong light (250 pmol s m2 photon flux density)
conditions, the photosynthetic activity decreased significantly, as well as the granum
diameter, height and the repeat distance values of the granum thylakoids. The latter data
were confirmed in vivo using small-angle neutron scattering. Our data reveal clear
differences in the salt sensitivity of the plastids of dark-grown and light-grown seedlings.

The work was supported by OTKA FK 124748 grant and the Bolyai Janos Research
Scholarship of the H.A.S. (for KS).
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Az SU-8 anyag felhasznalasa a neuralis szenzorok gyartasaban nemrégiben nétt. Széles
kori alkalmazasa ellenére az idegrendszerbeli biokompatibilitasat részletes,
szisztematikus, kvantitativ elemzéssel még nem vizsgaltdk. Jelen tanulmanyban
immunhisztokémiai maodszerekkel vizsgaltuk 2 hdnapos tulélés utan a patkany
agykéregbe beliltetett SU-8 implantatumok koriili idegsejtek megdrzOdését és az
asztroglidzis sulyossagat. Megallapitottuk, hogy az idegsejtek slir(isége szignifikansan
csokkent az implantatum 20 pm-es kornyezetében, az atlagos sirliség a kontroll érték 24
+ 28%-ara redukalodott. Az implantatumtdl 20-40 um tavolsagban az idegsejtek
tobbsége megmaradt (a kontroll 74 + 39% -a), az implantatumtdl 40 um tavolsagtol
kezdve pedig az idegsejtek slirlisége kontrollhoz hasonld volt. Elektronmikroszkdpos
vizsgalatokkal megallapitottuk, hogy a szinaptikus kapcsolatok siir(isége az implantatum
kozvetlen kozelében csokkent, azonban annak 24 pm-es koérnyezetében mar a kontroll
szintre tért vissza. Az asztroglidlis immunfestés intenzitasa az implantatum kordil
szignifikansan n6tt a kontroll régidhoz képest, a neocortex felsd rétegeiben 560 um,
mélyebb rétegeiben pedig 480 pm tavolsagig. Elektronmikroszkdpos vizsgalatokkal
kimutattuk, hogy a glidlis heg vastagsaga 5-10 pm volt az implantatum kérdil, valamint a
glidlis elemek aranya az idegszovetben nem haladta meg a 16% -ot az implantatum 12
pMm-es kornyezetében. Eredményeink arra utalnak, hogy a neuronok pusztulasa az
implantatum koril csak egy nagyon kis terlileten kovetkezik be. Az implantatumot
korilvevd glidlis heg vékony, és a glidlis elemek aranya a szévetben alacsony, bar az
asztroglidzis jelei az implantatumtdl kordlbelil 500 pm-ig megfigyelhetok.
Kovetkezésképpen az SU-8 anyag biokompatibilitdsa magas. Alacsony koltségl gyartasa
és rugalmasabb jellege miatt az SU-8 alapu eszkdzok igéretes megkozelitést kinalhatnak
a kisérleti és klinikai alkalmazasok terén a jovoben.
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Kis- és nagy nagyitasu elektronmikroszkdpos képek az implantatum szomszédsagabdl (A, C) és
attél 100 pm-es tavolsagbdl (B, D). Az els6 5-10 pm-en glidlis elemek hataroltak el az
implantatumot az agyszovettdl (A). 20-40 um-ig a szovet sériilése volt megfigyelhetd (C). 100-
120 pm-es tavolsagban mar szamos NeuN-immunpozitiv sejttest volt lathatd (B). A szovet
ultrastrukturaja kontrollhoz hasonlé volt, szamos dendrit, és szinapszis volt megfigyelhetd (D).
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The use of SU-8 material in the production of neural sensors has grown recently. Despite
its widespread application, a detailed systematic quantitative analysis concerning its
biocompatibility in the central nervous system is lacking. In this immunohistochemical
study, we quantified the neuronal preservation and the severity of astrogliosis around
SU-8 devices implanted in the neocortex of rats, after a 2 months survival. We found that
the density of neurons significantly decreased up to a distance of 20 pm from the implant,
with an averaged density decrease to 24+28% of the control. At 20 to 40 pm distance
from the implant, the majority of the neurons was preserved (74+39% of the control)
and starting from 40 pm distance from the implant, the neuron density was control-like.
The density of synaptic contacts — examined at the electron microscopic level — decreased
in the close vicinity of the implant, but it recovered to the control level as close as 24 ym
from the implant track. The intensity of the astroglial staining significantly increased
compared to the control region, up to 560 um and 480 pm distance from the track in the
superficial and deep layers of the neocortex, respectively. Electron microscopic
examination revealed that the thickness of the glial scar was around 5-10 pym thin, and
the ratio of glial processes in the neuropil was not more than 16% up to a distance of 12
pMm from the implant. Our data suggest that neuronal survival is affected only in a very
small area around the implant. The glial scar surrounding the implant is thin, and the
presence of glial elements is low in the neuropil, although the signs of astrogliosis could
be observed up to about 500 pm from the track. Subsequently, the biocompatibility of
the SU-8 material is high. Due to its low cost fabrication and more flexible nature, SU-8
based devices may offer a promising approach to experimental and clinical applications
in the future.
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Low and high magnification electron microscopy images adjacent (A, C) and at a distance of ~100
pMm from the track (B, D). At the first 5-10 pm, glial elements separated the implant from the
brain tissue (A). Tissue damage was observed up to 20-40 um (C). Several NeuN-immunopositive
cell bodies were already visible at a distance of 100—120 pm (B). Tissue ultrastructure was similar
to control, several dendrites, and synapses were observed (D).
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Construction of a vascular equivalent: mimicking tunica media and
tunica intima of the artery
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Cardiovascular diseases (CVDs) are one of the leading causes of death worldwide and
most common forms of vascular disease are progress in small-medium sized arteries.
Different treatment approaches are advised to patients according the occulation level of
the artery. However, these are limited treatment options to overcome CVDs therefore
alternative treatment therapies are needed in the clinic. With the help of tissue
engineering strategies which is a promising field, layers of the native blood vessel can be
mimicked and this blood vessel equivalent could be used as an alternative treatment
option. The innermost layer, tunica intima, consists of endothelial cells and underlying
basement membrane. The middle layer, tunica media, is composed of circumferentially
arranged smooth muscle cells. In this study, a bilayer tubular vascular graft was obtained
to imitate tunica intima and media of native artery. The inner porous tubular film layer of
the construct which is planned to serve as basement membrane of tunica intima was
fabricated by dip-coating with PCL-PLGA polymer solution containing 10% PEG as a
porogen. The second layer, circumferentially fibrous layer, was deposited over porous
film layer with electrospinning using PCL-P(L-D,L)A-PLGA polymer blends to mimic tunica
media. The morphology bilayer construct was examined with scanning electron
microscopy (SEM). Wharton’s Jelly mesenchymal stem cells (W] MSCs) were in this study,
and three different induction media and two different time point were evaluated to
differentiate MSC into smooth muscle cell (SMC). The outer layer of the construct was
seeded with W] MSCs which were differentiate into SMCs on the construct to mimic tunica
media. Differentiation of cells in different induction conditions and behavior of cells on
the construct were evaluated with laser scanning confocal microscopy. The bilayer tubular
scaffold with ~3 mm lumen diameter was successfully obtained. The circumferentially
align fibers were properly deposit over porous tubular film. Differentiation of W] MSC to
SMC was shown with the expression of SMC markers, a-SMA and SMC-HC. The
appropriate induction condition was determined as the culture of cells using medium
supplemented with 5 ng / mL TGFB1 for 24 days. It was revealed that MSCs were
attached, spread and aligned on the outerside of the scaffold within 3 days. MSC-derived
SMCs expressed SMC specific markers, a-SMA and SMC-HC after 24 days induction on
the construct. The results showed that the bilayer vascular equivalent developed by tissue
engineering could be a promising approach for the treatment of vascular disease.
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SEM images of the multilayered vascular graft. (a) Lumen side of the tubular graft, (b) the tube
wall, (c) the innermost porous tubular film side, (d) outermost film side, (e) The distribution of
fiber diameter, and (f) orientation deviation angle of the aligned electrospun fibrous mat.
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A kozépagyi dopaminerg rendszer és a bazalis eléagyi magcsoportok
kapcsolatanak vizsgalata

Hegediis Panna'-?, Kiraly Balint?3, Pillar Vivien2, Hangya Balazs?
1SE, Doktori Iskola, Budapest 2KOKI, ELKH, Budapest, JELTE Fizikai Doktori Iskola, Budapest

Neuromodulatoros rendszereink, agyunk “karmesterei” szamos agyteriilet miikodését
képesek 0Osszehangoltan befolyasolni. Koziilik a kolinerg és dopaminerg rendszer
miikodésének vizsgalata évtizedek ota kiemelt figyelmet kap, hiszen patoldgias
miikodésiik olyan sulyos kérképek alapjat képezi, mint az Alzheimer-koér és a Parkinson-
kér. Szamos korabbi, ragcsaldkon végzett kisérlet felvetette annak a lehet6ségét, hogy
ez a két rendszer direkt Osszekottetésben all egymassal. Erre munkatarsaink
elektrofizioldgiai vizsgalomddszerekkel is talaltak bizonyitékot; a kbzépagyi dopaminerg
magcsoport (ventralis tegmentalis area, VTA) dopaminerg neuronjait ingerelve a bazalis
eléagyban monoszinaptikus kapcsolatnak megfelel6 gyors valaszt regisztraltak. Jelenlegi
kutatasunk célja ennek a feltételezett monoszinaptikus kapcsolatnak az anatdémiai
feltérképezése egerekben. Transzgenikus egértdrzseken végzett anterograd palyajeldlés
segitségével specifikusan vizsgaltuk a VTA és a bazdlis eléagy kozott futd GABAerg,
dopaminerg és glutamaterg rostok eloszlasat. Fluoreszcens immunhisztokémiai
modszerek segitségével pedig lehetdségiink nyilt a dopaminerg-glutamaterg, valamint a
dopaminerg-GABAerg markerek koexpresszids mintazatanak vizsalatara is, valamint a
bazalis el6agyi célsejtek feltérképezésére is. Elozetes eredményeink azt mutatjak, hogy a
VTA harom f0 sejttipusa mind beidegzi a bazalis el6agyi magcsoportokat, azonban
kiilénb6zd aranyban. A koexpresszids mintazatot vizsgalva pedig azt lattuk, hogy azok a
rostok, melyek dopaminerg (tirozin-hidroxilaz, TH) és glutamaterg (vezikularis glutamat
transzponter 2, vGIuT2) markerek egyiittes jelenléte kimondottan egy bazalis el6agyi
magra, a ventralis pallidumra jellemzd. Tovabbi terveink kézott szerepel az harom vetité
palya célsejtjeinek meghatarozasa is, kiilonds tekintettel a dopaminerg és kolinerg sejtek
direkt kapcsolatara az egyes bazalis eléagyi magcsoportokban.
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Panna Hegediis'?, Balint Kiraly?3, Vivien Pillar?, Balazs Hangya?

1Doctoral School, Semmelweis Univ, Budapest 2IEM, ELRN, Budapest, >Doctoral School of Physics,
ELTE, Budapest

Neuromodulatory systems of the brain can synchronously modulate numerous brain
regions on multiple time scales. Neuroscientists investigate the cholinergic and
dopaminergic systems to this day, since their malfunction is related to severe neurological
and psychiatric conditions such as Alzheimer’s and Parkinson’s disease. Early anatomical
studies of the midbrain dopaminergic system suggest a direct connection between the
dopaminergic (ventral tegmental area, VTA) and cholinergic basal forebrain nuclei (BF).
Electrophysiological experiments performed by our lab further strengthened this
hypothesis; optogenetic excitation of VTA dopaminergic neurons led to a short-latency
activation of basal forebrain neurons suggesting monosynaptic connection between these
regions. To examine the anatomical connection of the VTA and BF, we have performed
cell-type specific anterograde tracing on transgenic mouse lines to examine the projection
pattern of VTA dopaminergic, glutamatergic and GABAergic neurons, respectively. We
found that these cell types differentially innervate BF nuclei. Moreover, we have found
coexpression pattern of dopaminergic and glutamatergic markers specifically in the
ventral pallidum, suggesting a differential modulation of this area. In the future, we would
like to identify the target cell types of the VTA projections, which might reveal a
monosynaptic connection between the dopaminergic and cholinergic neurons as well.
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A bioapatit kiligzasi mechanizmusa karbonat telitett vizben
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Szamos modellt publikaltak [1] a hydroxylapatit (HAp, Cas(PO4)30H) kiilénb6z6 savakban
vald oldddasardl. A HAp képzOdése aragonitbdl (CaCOs) szintén ismert [2]. Azonban,
csupan néhany munka sziletett a HAp, és még kevesebb a bioapatit ligos oldatokban
valo viselkedésérol. Mivel a bioapatit a csont legfébb szervetlen alkotdja, és szerkezetileg
nagyon hasonld a HAp-hoz, valamint karbonat tartalma is van, kiligzasi folyamatban vald
viselkedése fontos szerepet jatszhat bioldgiai elvaltozasokban. Munkankban poritott
marha labszarcsontot aztattunk karbonat telitett vizben. A csont/olddszer tomeg aranya
1 és 3% volt, mig az aztatas 2 és 4 hétig tartott. A kisérlet utan a kapott terméket
rontgendiffrakciéval (Bruker D8 Advanced) és elektronmikroszképos (SAED)
modszerekkel (SAED, HRTEM, TEM-EDS) vizsgaltuk (Philips CM20 és JEOL 3010). Ca-
foszfatbdl Ca-karbonatba torténd szerkezeti atalakulast figyeltink meg. Az atalakulas
mértéke fligg a komponensek tdmeg-aranyatdl és az aztatas idejétol. XRD vizsgalatok
megmutattak, hogy kalcit képz0dott, mint Uj kristalyos fazis. SAED és HRTEM felvételek
FFT-jat értelmezve, apatit és mas Ca-tartalmi fazisok voltak azonosithatok, mint a
kilugzasi folyamat koztes atalakulasi termékei. Ugy gondoljuk, hogy a bioapatit - karbonat
atalakulas enyhén Iugos kozegben tobb lépcsében megy végbe, amely folyamat
megértése segithet a bioldgiai elvaltozasok részletesebb megértésében.

Irodalomjegyzéek:

[1] S. V. Dorozhkin, Dissolution mechanism of calcium apatites in acids: A review of literature,
World Journal of Methodology, 2012, 26; 2(1): 1-17.

[2] A. Kasioptas, T. Geisler, C. V. Putnis, C. Perdikouri, A. Putnis, Crystal growth of apatite by
replacement of an aragonite precursor, Journal of Crystal Growth, 2010, 312: 2431-2440.
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Zsolt Dallos?, Viktoria Kovacs Kis?, Ferenc Kristaly?, Istvan Dodony!

1ELTE Dep Mineral, Budapest, °CER, ELRN, Budapest, 3Inst Mineral Geol, Univ Miskolc, Miskolc

Many models of hydroxylapatite (Hap, Cas(PO4)30H) dissolution in different acids were
published as reviewed by Dorozhkin. HAp formation from aragonite (CaCOs3) is also
known. However, only a few papers dealt with leaching processes of HAp and even less
with the reactions of bioapatite in alkaline fluids. Since bioapatite, the main inorganic
component of bone is structurally similar to HAp and has some COs content, its leaching
properties can play important role in many biological lesions. We studied the leaching of
bovine tibia powder in carbonate saturated water. We used bone/solution mass ratios of
1 and 3 % and 2 and 4 weeks leaching time. After leaching the reaction products were
characterized by X-ray and electron diffraction (SAED) techniques as well as high-
resolution transmission electron microscopy (HRTEM) and energy dispersive spectroscopy
attached to the TEM. The newly formed crystalline phases were identified and crystallite
size and chemical composition were determined. We found evidence for the structural
transformation of Ca-phosphate to Ca-carbonate. The rate of transformation was found
to be a function of the mass ratios and the leaching time. According to XRD, calcite
formed as a new crystalline phase. Based on the analysis of SAEDs and FFT of HRTEM
images nanocrystalline apatite and Ca-bearing phases were also identified which allowed
the reconstruction of the intermediate stages of the leaching process. We propose a
reaction sequence for the transformation of bioapatite in carbonated, slightly alkaline
media which may contribute to our understanding of lesion processes of bone.
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