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Kedves Munkatarsak, MMT Tagok!

Az élet ugyan nem allt meg, de sok minden
megvaltozott a COVID-19 jarvany kovetkeztében. A
MMT torténetében sem kellett eddig sosem
konferenciat lemondani. A tagadhatatlan veszteségek,
elmulasztott lehetGségek mellett azonban
tanulhattunk is, és annak is van haszna, hogy sok Uj
munkank mar nem - csak - izgalmas jaték, de rovid
hatarid6s, kotelez6 feladat is. Ez évi konferencidank
tehat elmaradt, kedvelt tarsasagi programunkkal, a
borkdstoldval egyiitt, pedig arra is minden készen allt.

bra Y Ha nem is teljes karpotlas, de némi vigasz, hogy épp
Dr. Kittel Agnes, elnok ebben az évl?en, Barna  Laci munkajanak
Kisérleti Orvostudomanyi kdszonhetoen, mar letdltheto kdnyvkent jelenik meg
Kutatdintézet honlapunkon a tervezett rendezvényre bekiildott

kivonatok gy(ijteménye.
Reméljik, jovore talalkozhatunk, és a lehetéségnek az eddiginél is sokkal jobban
oralink majd. )
Addig is Mindenki vigyazzon magara, maradjon egészséges. Es olvasgasson bele a
honlapon elérhetd el6adaskivonatokba.

Udvozlettel: Kittel Agnes

Dear colleagues, dear HSM Members,

Life did not stop, but much has changed due to the COVID-19 pandemic. Never in the
history of HSM has a conference ever had to be canceled. However, in addition to the
undeniable losses and missed opportunities, we have also been able to learn, and it can be
also beneficial that we have to regard many of our new tasks as obligatory with short
deadline.

We had to miss our conference this year along with our popular wine tasting social program,
although everything was ready for both. Being far from the full compensation, but at least as
some consolation, this year, thanks to the work of Laci Barna, the collection of abstracts
submitted for the planned event will appear on our website as a downloadable book.

We hope to meet next year and look forward to this opportunity much more than before.

Till then, I wish everybody good health. Take care of yourself.

And read the lecture notes available on the website.

Greetings: Agnes Kittel
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Meghivott eloadoink

Roberto Balboni
Electron holography — anyagtudomany
Bologna Unit of the Institute for Microelectronics and

Microsystems

Losonczy Attila
Uj 2-foton fejlesztés — Idegtudomény

Columbia Univ, Zuckerman Ins. NewYork

Torok Péter
Brillouin imaging in biology — Elettudoméany

Nanyang University, Singapore

Philomela Komninou
Microscopy of GaN layers — anyagtudomany

Thessaloniki University



https://www.bo.imm.cnr.it/unit/users/balboni
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Konferencia program

11:30 -

12:30 - 14:00
14:00 - 14:10

14:10 - 15:00

Csutortok
2022. majus 05.

Regisztracio

Ebéd
Kittel Agnes (az MMT elncke, ELKH KOKI)

Konferencia megnyito

LOSONCZY ATTILA (Columbia Univ NYC, US)
In vivo functional imaging of cellular and circuit dynamics

supporting navigation and learning in the rodent hippocampus
(el6adas Zoom kozvetitéssel)

FIATAL ELOADOK VERSENYE

15:00 - 15:10

15:10 - 15:20

15:20 - 15:30

15:30 - 15:40

15:40 - 15:50

15:50 - 16:00

Uléselndk: Orsé Evelyn / Kolonits Tamas

Dédony Erzsébet (ELKH EK MFA)
In situ TEM vizsgalatok nikkel-szilicid vékonyréteg rendszerben

Szocsics Péter (ELKH KOKI, HAL)

A primer motoros kéreg vulnerabilitasanak immunhisztokémiai
vizsgalata szkizofrénias betegek agyszovetében - agyféltekei
kilénbségek

Hegediis Timea (SZTE)
Bér-nitrid nanogdmbdk funkcionalizalasa polielektrolitokkal és a
kolloid stabilitdsuk vizsgalata

Enkhbileg-Enkhjin (ELTE)
Egy levél élete

Bali Henrik (SZTE)
Tervezett nanokatalizatorok nagynyomasu CO2 hidrogénezési
reakcioban

Kilin Viktor (SE)
A dipeptidil peptidaz 4 enzim lehetséges szerepe a gyulladasos
folyamatokban



16:00 - 16:10 Hegediis Maté (ELTE)
Anizotropia vizsgalata fogzomancban pasztazd
elektron-mikroszkopos és Raman spektroszkopos modszerekkel

16:10 - 16:20 Lange-Enyedi Nodra Tiinde (CsFK FGI)
Barlangbdl kitenyésztett baktériumtorzsek amorf kalcium-karbonat
kivalasztasanak tanulmanyozasa

16:20 - 16:30 Lazar Anett (CsFK FGI)
Metastabil kalcium-karbonat modosulatok atalakulasanak
vizsgalata kontrollalt kortilmények kozott

Kaveésziinet

Uléselndk: Orsé Evelyn / Kolonits Tamas

16:50 - 17:00 Novak Zoltan (SZTE)
Tobbrétegl poli(pirrol) rétegek elektropolimerizacidja kilonb6z6
elektrolitoldatokban, valamint morfoldgiajuk és elektroaktivitasuk
értékelése

17:00 - 17:10 Szekeres-Paraczky Cecilia (ELKH KOKI, HAL)
A kannabinoid receptorl immunpozitiv periszomati-kus
beidegzésének vizsgalata epilepszias betegek diszplazias kérgének
principalis sejtjein

17:10 - 17:20 Vasarhelyi Livia (SZTE)
Szemcsés anyagok keveredésének jellemzése mikro-CT
technikaval és DEM szimulaciokkal

17:20 - 17:30 Polgar Tamas Ferenc (SZBK)
Az idegrendszer gyulladasos allapotanak értékelése
fraktalgeometrian alapuld mikroglia sejtprofil klaszterezéssel

17:30 - 17:40 Olasz Daniel (ELKH EK MFA)
AlCu mikrokombinatorikus vékonyrétegek mechanikai és
szerkezeti tulajdonsagainak dsszefiiggései

17:40 - 17:50 Spisak Krisztina (SZBK)
A Schwann sejtek kalcium homeosztazisanak
elektron-mikroszkopos vizsgalata (il6ideg axotomiat kévetd
Waller-féle neurodegeneraciéban



17:50 - 18:00 Hajagos Nagy Klara (ELKH EK MFA)
Cu-Mn szilard oldat rétegek mikroszerkezetének és

N4

18:00 - 18:10 Soti Adél (ELTE)
Kiilonb6z6 ionok gatld hatasa buza (Triticum aestivum L.)
novények zoldiilése folyaman

18:30 - 19:30 Vacsora

20:00 - Borkostolo

Pentek
2022. majus 06.
Elnok: Pécz Béla

09:00 - 09:45 PETER TOROK (Univ. Singapore)
Brillouin imaging in biology

09:45 - 10:10 PHILOMELA KOMNINOU (Aristotle University of Thessaloniki)
InN/GaN digital alloys: Strain-composition coupling at the atomic
monolayer scale

10:10 - 10:30 Csucs Gabor (ETH, Zirich)
Quantitative Phase Imaging using a holotomographic system

10:30 - 10:50 Pésfai Mihaly (Pannon Egyetem)
Asvanyok és mikroorganizmusok kozotti kapcsolatok a Balaton
vizében

Kaveésziinet

CEGES ELOADASOK

Uléselnok: Czigany Zsolt

11:10 - 11:30 Guillaume Brunetti (JEOL (Europe) SAS)
JEOL ARM family and IDES integration

11:30 - 11:50 Godoé Soma (UNICAM Magyarorszag Kift.)
STED képalkotas: szuperrezollciéd néhany kattintassal



11.50 - 12:10

12:10 - 12:30

12:30 - 13:30

Andreas Nowak (Leica Microsystems)
CRYO CORAL

Emine Korkmaz (Thermo Fisher)
Infectious Disease Research; virus analysis using Cryo Electron
Microscopy

Ebéd

BARNA ARPAD EMLEKELOADASOK

14:00 - 14:20

14:20 - 14:40

14:40 - 15:00

15:00 - 15:20

15:20 - 16:00

16:00 - 16:15

16:15 - 18:00

18:00 - 18:45
19:00 - 20:00

20:00 -

Uléselnok: Pécz Béla

Barna B. Péter (ELKH EK MFA)

Transzmisszids elekronmikroszkopba beépitett kisérleti
berendezéssel az innovativ vékonyrétegkutatas €lvonalaban.
Barna Arpad munkassagardl

Menyhard Miklos (ELKH EK, MFA) )
Miért szlikséges a felliletfizika a TEM minta készitéséhez? Arpi
(Barna A.) emlékére

Radnodczi Gyorgy (ELKH EK, MFA) )
TEM mintak ionsugaras vékonyitasa. Barna Arpadnak, a mddszer
megalapozdjanak emlékére

Radnodczi Gyorgy Zoltan (ELKH EK, MFA)
Fokuszalt ionsugarral készitett mintak tisztitasa kis-energias Ar+
ionnyalabbal

Kovacs Andras (Forschungszentrum Jilich)
Elektronmikroszkdpia 2.0

Konferencia csoportkép

‘Lyukasora’

Vacsora

JOACHIM FRANK (Columbia University)

Capturing motion by cryo-EM: resolution in time and state space
(el6adas Zoom kozvetitéssel)

Tisztjité kozgyllés és a képpalyazat dijainak atadasa
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Szombat
2022. majus 07.

Uléselnok: Németh Péter

09:00 - 09:40 ROBERTO BALBONI (Univ. Bologna)
Electron beam shaping in the TEM: theory, design and
applications in the Q-SORT project (CNR IMM - Bologna)

09:40 - 10:00 Kis Viktéria (ELKH EK MFA)
Nanokristalyos anyagok Rietveld analizise elektrondiffrakcios
mérések alapjan

10:00 - 10:20 Kolonits Tamas (ELKH EK MFA)
Ciszteintartalmu elektrolitbdl levalasztott nikkel rétegek
mikroszerkezete, keménysége és termikus stabilitasa

10:20 - 10:40 Czigany Zsolt (ELKH EK MFA)
Kalibracios eljaras fejlesztése aberraciokorrigalt Themis
mikroszkdpon a SAED pontossaganak javitasara

Kaveésziinet

Uléselndk: Keresztes Aron

11:00 - 11:10 Siska Flora (ELTE)
A kozvilagitas hatasa a nyugati ostorfa (Celtis occidentalis L.)
anatdémiajara és élettanara

11:10 - 11:30 Ali Shan Malik (SzTE)
Transmission Electron Microscopy of Ceria Supported Metal
Nanoparticles

11:30 - 11:50 Vaczi Tamas (ELKH WIGNER)
Femtoszekundumos SRS mikroszkdpi képalkotd rendszer spektralis
fokuszalassal

11:50 - 12:10 Janos L. Labar (ELKH EK MFA)
A TEM szerepe a Qubitek fejlesztésében

12:10 - 12:30 Racz Bence (AOE, Budapest)
A hipotalamusz melanokortin sejtjeinek ultra-strukturalis
valtozasai az 6regedés soran
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12:30 - 12:45 A konferencia zarasa

12:45 - 14:00 Ebéd
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Conference Program

11:30 -

12:30 - 14:00
14:00 - 14:10

14:10 - 15:00

THURSDAY

May 5th, 2022

Registration

Lunch

Agnes Kittel (president of HSM, ELKH KOKI)
Conference opening

ATTILA LOSONCZY (Columbia Univ NYC, US)
In vivo functional imaging of cellular and circuit dynamics

supporting navigation and learning in the rodent hippocampus
(via Zoom)

COMPETITION OF YOUNG RESEARCHERS

15:00 - 15:10

15:10 - 15:20

15:20 - 15:30

15:30 - 15:40

15:40 - 15:50

15:50 - 16:00

Chair: Evelyn Orso6 / Tamas Kolonits

Erzsébet Dodony (CER ITPMS)
In situ TEM results in the nikkel-silicon thin film system (Abstract)

Péter Szocsics (ELKH KOKI, HAL)
The vulnerability of the pyramidal cells in the primary motor
cortex of patients with schizophrenia - hemispheric differences

Timea Hegediis (Univ. Szeged)
Functionalization of boron nitride nanospheres with
polyelectrolytes and the investigation of their colloidal stability

Enkhbileg-Enkhjin (Univ. E6tvos)
The Life of a Leaf - Plastid differentiation and photosynthetic
activity in horse chestnut buds and leaves

Henrik Bali (Univ. Szeged)
Designed nanocatalysts in high pressure CO2 hydrogenation
reaction

Viktor Kilin (Univ. Semmelweis)
Possible role of dipeptidyl peptidase 4 in inflammation

12



16:00 - 16:10 Maté Hegediis (Univ. EGtvos)
Investigation of anisotropy in enamel based on scanning electron
microscopy and Raman spectroscopy techniques

16:10 - 16:20 Nora Tiinde Lange-Enyedi (IGGR)
Amorphous calcium carbonate precipitation by cave bacterial
strains

16:20 - 16:30 Anett Lazar (IGGR)
Transformations of metastable calcium carbonate modifications
under controlled conditions

Coffee Break

Chair: Evelyn Orso6 / Tamas Kolonits

16: 50 - Zoltan Novak (Univ. Szeged)

17:00 Electropolymerization of multilayer poly(pyrrole) layers in different
electrolyte solutions and their evaluation of morphology and
electroactivity

17:00 - 17:10 Cecilia Szekeres-Paraczky (IEM)
Examination of Cannabinoid Receptor 1 Immunopositive
Perisomatic Innervation of Principal Cells in Focal Cortical
Dysplasia Type IIB in Human Epileptic Patients

17:10 - 17:20 Livia Vasarhelyi (Univ. Szeged)
Characterization of mixing of granular materials via micro-CT
technique and DEM simulations

17:20 - 17:30 Tamas Ferenc Polgar (BRC)
Assessing the inflammatory state of the nervous system using
fractalgeometry-based microglia cell profile clustering

17:30 - 17:40 Daniel Olasz (ELKH EK MFA)
Correlations between structural and mechanical properties of AlCu
microcombinatorial thin films

17:40 - 17:50 Krisztina Spisak (BRC)
Electron microscopic evaluation of the changes in the calcium
homeostasis of Schwann cells in a mouse model of Wallerian
degeneration

13



17:50 - 18:00 Klara Hajagos Nagy (ELKH CER)
Combinatorial mapping of microstructure and morphology in
Cu-Mn solid solution films

18:00 - 18:10 Adél Soti (Univ. E6tvos)
Inhibitory effect of different ions during greening of wheat
(Triticum aestivum L.) plants

18:30 - 19:30 Dinner

20:00 - Wine tasting

FRIDAY
May 6th, 2022
Chair: Béla Pécz

09:00 - 09:45 PETER TOROK (Univ. Singapore)
Brillouin imaging in biology

09:45 - 10:10 PHILOMELA KOMNINOU (Aristotle University of Thessaloniki)
InN/GaN digital alloys: Strain-composition coupling at the atomic
monolayer scale

10:10 - 10:30 Csucs Gabor (ETH, Zirich)
Quantitative Phase Imaging using a holotomographic system

10:30 - 10:50 Mihaly Pésfai (Univ. Pannon)
Relationships between minerals and microorganisms in Lake

Balaton
Coffee Break
COMPANY PRESENTATIONS

Chair: Zsolt Czigany

11:10 - 11:30 Guillaume Brunetti (JEOL,Europe SAS)
JEOL ARM family and IDES integration

11:30 - 11:50 Soma Godd (UNICAM Hungary Ltd.)
STED imaging: superresolution with some clicks

14



11.50 - 12:10

12:10 - 12:30

12:30 - 13:30

Andreas Nowak (Leica Microsystems)
CRYO CORAL

Emine Korkmaz (Thermo Fisher)
Infectious Disease Research, virus analysis using Cryo Electron
Microscopy

Lunch

IN THE MEMORY OF ARPAD BARNA

14:00 - 14:20

14:20 - 14:40

14:40 - 15:00

15:00 - 15:20

15:20 - 16:00

16:00 - 16:15

18:00 - 18:45
19:00 - 20:00

20:00 -

Chair: Béla Pécz

Péter Barna B. (ELKH CER ITPMS)

A unique experimental system built into a transmission electron
microscope at the forefront of innovative thin film research. On
the scientific achievement of Arpad Barna

Miklos Menyhard (ELKH EK, MFA)
Why surface physics is important for TEM sample preparation? To
the memory of Arpi (A. Barna).

Gyorgy Radnoczi (ELKH CER ITPMS)
TEM sample preparation by ion milling Memorial lecture to recall
the input of Arpad Barna

Gyorgy Zoltan Radndczi (ELKH CER ITPMS)
Low energy Ar+ ion beam cleaning of samples prepared focused
ion beam (FIB)

Andras Kovacs (Forschungszentrum Jiilich)
Electronmicroscopy 2.0

Conference Group Photo

Dinner

JOACHIM FRANK (Columbia University)

Capturing motion by cryo-EM: resolution in time and state space
(via Zoom)

GENERAL ASSEMBLY & THE AWARD CEREMONY OF THE
IMAGE COMPETITION

15



SATURDAY

May 7th, 2022

Chair: Péter Németh

09:00 - 09:40 ROBERTO BALBONI (Univ. Bologna)
Electron beam shaping in the TEM: theory, design and
applications in the Q-SORT project (CNR IMM - Bologna)

09:40 - 10:00 Viktoria Kis (ELKH CER, ITPMS)
Rietveld analysis of nanocrystalline materials using electron
diffraction data

10:00 - 10:20 Tamas Kolonits (CER, ITPMS)
Microstructure, hardness and thermal stability of nickel films
electrodeposited from cysteine containing bath

10:20 - 10:40 Zsolt Czigany (CER, ITPMS)
Calibration procedure to improve the accuracy of SAED in
aberration corrected Themis

Coffee Break

Chair: Aron Keresztes

11:00 - 11:10 Flora Siska (Univ. E6tvos)
The effect of public lighting on the anatomy and physiology of the
common hackberry (Celtis occidentalis L.)

11:10 - 11:30 Ali Shan Malik (SzTE)
Transmission Electron Microscopy of Ceria Supported Metal
Nanoparticles

11:30 - 11:50 Tamas Vaczi (Wigner RC)
An introducion to a spectrally focused femtosecond SRS
microscopy system

11:50 - 12:10 Janos L. Labar (CER)
Role of TEM in the development of Qubits

12:10 - 12:30 Bence Racz (Univ. Vet. Med.)
Ultrastructural changes of hypothalamic melanocortin cells during

aging

16



12:30 - 12:45 Closing the Conference

12:45 - 14:00 Lunch

17



TAMOGATOINK / SPONSORS

A MMT ¢és a szervezok koszonetet mondanak a tdmogatd cégeknek a konferencia
magasabb szintli megvalositdsdhoz nyujtott nagyvonall segitségiikért. / HMS and the
organizers would like to thank the sponsoring companies for their generous support in

helping to make the conference at a higher level.
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https://www.3dhistech.com/
https://www.3dhistech.com/
https://unicam.hu/gyartoink/hitachi/
https://auroscience.hu/
https://auroscience.hu/
https://auroscience.hu/
https://auroscience.hu/
https://scantech.hu/
https://scantech.hu/
https://imagescience.hu/
https://imagescience.hu/
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https://jobs.thermofisher.com/global/en/hungary-our-office
https://jobs.thermofisher.com/global/en/hungary-our-office
https://imagescience.hu/
https://imagescience.hu/
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https://www.eurmicsoc.org/en/
https://www.eurmicsoc.org/en/
https://www.micro-shop.zeiss.com/en/hu/
https://www.micro-shop.zeiss.com/en/hu/
https://www.biofotonika.eu/
https://www.biofotonika.eu/
https://auroscience.hu/termekkategoria/fenymikroszkopia/biologiai-mikroszkopok/
https://auroscience.hu/termekkategoria/fenymikroszkopia/biologiai-mikroszkopok/
https://auroscience.hu/termekkategoria/fenymikroszkopia/biologiai-mikroszkopok/
https://auroscience.hu/termekkategoria/fenymikroszkopia/biologiai-mikroszkopok/

A Magyar Mikroszkopos Tarsasdag 2022-es konferencidjanak résztvevaoi /
Participants of the 2022 Conference of the Hungarian Microscopy Society
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KIVONATOK / ABSTRACTS

In vivo functional imaging of cellular and circuit dynamics supporting
navigation and learning in the rodent hippocampus
Attila Losonczy " *?

! Department of Neuroscience, Columbia University, New York, NY, USA., * Mortimer B. Zuckerman Mind Brain Behavior
Institute, Columbia University, New York, NY, USA., ° The Kavli Institute for Brain Science, Columbia University, New York,
NY, USA.

al2856@columbia.edu

Local circuit architecture facilitates the emergence of cellular feature selectivity in the
cerebral cortex. In the mammalian hippocampus, a striking form of feature selectivity can be
found in the spatial receptive fields of pyramidal (‘place’) cells. Indeed, much of our current
understanding of hippocampal memory operations comes from circuit-level investigations of
place cell ensembles in vivo, and from a largely disjunct body of work investigating
microcircuit and cellular level information processing in vitro. To date, it thus remains largely
unknown whether and how neuronal architecture at single-cell level (i.e. dendrites) and at
mesocale levels (i.e. local inhibitory circuits) regulate the emergence of feature tuning in
hippocampal neurons during memory encoding. Likewise, we know puzzlingly little about
how the same neuronal architecture can in parallel support memory consolidation.
High-resolution in vivo functional imaging of neural activity with genetically encoded
sensors has recently emerged as a promising tool for fast optical recordings of neural circuit
dynamics. To interrogate the dynamic interaction of individual hippocampal principal
neurons with their surrounding microcircuitry during spatial navigation, we used in vivo
multi-photon imaging of calcium and voltage sensors in combination with single-cell
electroporation for monosynaptic circuit tracing and optogenetics. In my talk, I will
summarize recent results related to local circuit regulation of memory formation in the
hippocampus, and to signal integration and plasticity supporting memory formation and
consolidation in dendrites of hippocampal neurons. Together these results support the
emerging notion that cellular and microcircuit architecture enables flexible information
processing and storage in cortical memory circuits.
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Confocal image of a single pyramidal neuron labeled in vivo in the area CAl of the mouse hippocampus (yellow) surrounded by
local-circuit inhibitory cells (green).

In vivo functional imaging of cellular and circuit dynamics supporting
navigation and learning in the rodent hippocampus
Attila Losonczy " **

! Department of Neuroscience, Columbia University, New York, NY, USA., * Mortimer B. Zuckerman Mind Brain Behavior
Institute, Columbia University, New York, NY, USA., ° The Kavli Institute for Brain Science, Columbia University, New York,
NY, USA.

al2856@columbia.edu

Local circuit architecture facilitates the emergence of cellular feature selectivity in the
cerebral cortex. In the mammalian hippocampus, a striking form of feature selectivity can be
found in the spatial receptive fields of pyramidal (‘place’) cells. Indeed, much of our current
understanding of hippocampal memory operations comes from circuit-level investigations of
place cell ensembles in vivo, and from a largely disjunct body of work investigating
microcircuit and cellular level information processing in vitro. To date, it thus remains largely
unknown whether and how neuronal architecture at single-cell level (i.e. dendrites) and at
mesocale levels (i.e. local inhibitory circuits) regulate the emergence of feature tuning in
hippocampal neurons during memory encoding. Likewise, we know puzzlingly little about
how the same neuronal architecture can in parallel support memory consolidation.
High-resolution in vivo functional imaging of neural activity with genetically encoded
sensors has recently emerged as a promising tool for fast optical recordings of neural circuit
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dynamics. To interrogate the dynamic interaction of individual hippocampal principal
neurons with their surrounding microcircuitry during spatial navigation, we used in vivo
multi-photon imaging of calcium and voltage sensors in combination with single-cell
electroporation for monosynaptic circuit tracing and optogenetics. In my talk, I will
summarize recent results related to local circuit regulation of memory formation in the
hippocampus, and to signal integration and plasticity supporting memory formation and
consolidation in dendrites of hippocampal neurons. Together these results support the
emerging notion that cellular and microcircuit architecture enables flexible information
processing and storage in cortical memory circuits.

Confocal image of a single pyramidal neuron labeled in vivo in the area CAI of the mouse hippocampus (yellow) surrounded by
local-circuit inhibitory cells (green).
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In situ TEM vizsgalatok nikkel-szilicid vékonyréteg rendszerben
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A szilicium alapt mikroelektronikdban betdltott szerepiik miatt a nikkel szilicidek képzodését
a mai napig széles korben tanulmanyozzak. Vékonyréteg rendszerekben a nikkel-szilicidek
képzddési sorrendje eltér a tombi anyagokétdl. Ahogy a mikroelektronikai ipar egyre kisebb
méretek felé halad, 0j kihivasok meriilnek fel. Az eszkozok teljesitményének javitasa
érdekében ismerni kell a felhasznalt anyagok kialakulasat, szerkezetét, illetve azt, hogy ezek
hogyan véltoznak az id6 mulasaval. Ebben a munkéban a Ni-szilicid fazisok kialakulasat
TEM-vizsgalattal tanulmanyoztuk 10 nm vastag amorf szilicium (a-Si) rétegben, amely Ni
mikroracsra lett helyezve és 600 °C-ig in-situ hdkezelve. A Ni-rdcs a szilicidképzés
fémforrasaként szolgalt. Mind a fazisképzddési sorrendet, mind a fazisatalakulasokat nyomon
kovettiik, a hdkezelés soran, hatarolt teriileti elektrondiffrakcidos (SAED)- és nagyfelbontast
transzmisszios elektronmikroszképos (HRTEM) modszerekkel. A Ni-Si rendszerben j
jelenséget figyeltiink meg — a tlikristaly (whisker) képzdédést (1. abra). Emellett a Ni31S112-y
fazis 0j polimorfjait azonositottuk. Eredményeink hozzdjarulhatnak a Ni-szilicidek specialis
formainak felhaszndlasdhoz ¢és szerepének megértéséhez a modern mikro- és
nanoelektronikai eszk6zok miikodésében.

1.Abra. Tiikristaly névekedése Ni-szilicid vékonyrétegben, in situ TEM vizsgdlat kézben.

In situ TEM results in the nikkel-silicon thin film system
Erzsébet Dodony ", Istvan Dédony 3, Gyorgy Safran '
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Formation of nickel silicides is widely studied, due to their role in silicon based
microelectronics. The phases and the order of formation of nickel-silicides in thin-film
systems are mostly unknown, as they differ from those of bulk materials. As the
microelectronics industry moves towards smaller and smaller device sizes, new challenges
arise. In order to improve the performance of the device, it is necessary to know the
formation and structure of the materials used and how they change over time. In this work we
studied the development of silicide phases with in-situ transmission electron microscopy, in a
Ni-Si model system of a 10 nm thick a-Si layer supported by a Ni microgrid that was heated
in-situ to temperatures up to 600 °C. The Ni grid served as the metal source for silicide
formation. Both phase formation sequence and phase transformations were revealed during
heating by means of selected area diffraction (SAED) patterns and high-resolution
transmission electron microscopy (HRTEM) images. For the first time, a new phenomenon,
whisker formation Fig.1, was observed in the Ni-Si system and new polymorphs of the
Ni31Si12-y phase were identified. Our results may contribute to the understanding of the use
and role of special forms of Ni-silicides in the operation of modern nanoelectronic devices.

Figurel. Whisker growth in Ni-silicide thin layer during in-situ TEM study
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A primer motoros kéreg vulnerabilitasanak immunhisztokémiai vizsgalata
szkizofrénias betegek agyszovetében - agyféltekei kiillonbségek
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A szkizofrénia pozitiv, negativ és kognitiv tlinetei mellett a mozgatd rendszer is érintett lehet
ebben a zavarban. Az alkalmazott antipszichotikumok is befolydsolhatjdk a motoros
mitkddést. A primer mozgatd kéreg (Brodmann régié 4) orids piramissejtjeire — a Betz
sejtekre - nagy mennyiségii parvalbumin (PV) -tartalma gatlo bemenet érkezik, és ez a fajta
gatlads korabbi vizsgalatok szerint sériil a prefrontédlis kéregben. Kontroll és szkizofrénias
alanyok mindkét agyféltekéjebdl szarmazo, 2-4 6rds post mortem primer motor kortikalis
mintdit vizsgaltuk, hogy azok piramissejtjei, illetve azok parvalbumin-tartalmi bemenetei
mutatnak-e kiilonbségeket. A szdveteken immunprecipiticios ¢€s immunfluoreszcens
festéseket alkalmaztunk, a periszomatikus PV-bemenetet -elektronmikroszkdpban is
megvizsgaltuk. SMI32-ellenes antitestet — ami a neurofilament kozepes €s nehéz lancanak
nem-foszforilalt formajat jeloli, és PV ellenes antitestet hasznaltunk. A Betz sejteket a tobbi
piramissejttdl elkiilonitve is megvizsgaltuk. Megmértiilk a sejtek méretét, meghataroztuk
denzitasukat. A Betz sejtekre érkezd parvalbuminos bemenet mennyiségét is meghataroztuk
egységnyi keriiletre. Vizsgalataink soran optikai és konfokalis mikroszkopot alkalmaztunk.
Eredményeink szerint a nagy méretli piramissejtek relativ gyakorisaga csokken a
szkizofrénids betegek primer motoros kérgében. A Betz sejtek denzitasa csokken a jobb
agyféltekében, mig a méretiikben nem talaltunk kiilonbséget. Vizsgalataink soran felfedeztiik,
hogy az egyébként interneuronokat €s azok rostjait jel6ld PV megtalalhato a Betz sejtek
tobbségében. Ebben nem észleltiink eltérést a vizsgalt csoportok és az oldalak kozott. Ezzel
ellentétben, a Betz sejtek PV-tartalmi bemenete csokken a szkizofrénias betegek jobb
agyféltekéjében. Elektron mikroszkoppal ellendriztiik, hogy ezeken a sejteken a PV-tartalmu
terminalisok valoban szinapszisokat alkotnak. Vizsgalataink eredményei arra utalnak, hogy a
jobb oldali - szubdomindns- primer motoros kéreg bizonyos tulajdonsdgai sériilnek
szkizofrénids pdaciensekben, ¢és a két agyfélteke nem egyformédn érintett. A valtozas
hatterében idegfejlddési és degeneracios folyamatok is szerepet jatszhatnak.
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Betz sejtek kontroll és szkizofrénids alanyok primer motoros kérgébdl. Fehér: Parvalbumin-immunjelolés, zold:
SMI32-immunjelolés. Skala: 25 um

The vulnerability of the pyramidal cells in the primary motor cortex of

patients with schizophrenia - hemispheric differences
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In addition to the positive, negative, and cognitive symptoms of schizophrenia, the motor
system 1is also involved in the disorder. The antipsychotic treatment could also affect motor
function. Giant pyramidal cells (Betz cells) in the primary motor cortex (Brodmann area 4),
receive large amounts of parvalbumin (PV) -containing inhibitory input, and this type of
inhibition has been impaired in the prefrontal cortex according to previous studies. Primary
motor cortical samples with 2-4 h post mortem interval from both hemispheres of control and
schizophrenic subjects were examined for differences in the pyramidal cells and their
parvalbumin-containing inputs. Immunoprecipitation and immunofluorescent techniques
were used, and the perisomatic PV input was examined in the electron microscope a.
Anti-SMI32 antibody, which labels the non-phosphorylated form of Neurofilament medium
and heavy chains, and anti-PV antibody was used for the study. Betz cells were examined
separately from other pyramidal cells. We measured the size of the cells and determined their
density. The amount of parvalbumin input to Betz cells was also determined per unit
perimeter. For the investigations we used optical and confocal microscopy. Our results
suggest that the relative frequency of large pyramidal cells decreases in primary motor cortex
of patients with schizophrenia. The density of Betz cells decreases in the right hemisphere,
while no difference in their size was found in different hemispheres. During our study, we
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discovered that PV, which otherwise marks interneurons and their fibres, is found in most
Betz cells. We found no difference in PV-content between the groups and hemispheres
studied. In contrast, the PV-containing input of Betz cells is reduced in the right hemisphere
of patients with schizophrenia. We checked at the electron microscope that the PV-containing
terminals on these cells indeed form synapses. The results of our studies suggest that the right
- subdominant - primary motor cortex shows vulnerability in schizophrenic patients and that
the two hemispheres of the brain are not equally affected. Neurodevelopmental impairment
and degeneration processes may play a role in the background of these alterations.

CONTROL

Betz cells in the primary motor cortices of control and schizophrenia subjects. White: Parvalbumin-immunstaining, Green:
SMI32-immunstaining. Scalebar: 25 um

Bor-nitrid nanogombok funkcionalizalasa polielektrolitokkal és a kolloid
stabilitasuk vizsgalata
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A hexagonalis bor-nitrid (h-BN) kristalyszerkezete a grafénéhoz hasonlo, azzal a
kiilonbséggel, hogy a szén atomok helyett nitrogén €s bor atomok vannak véaltakozva a
hexagonalis rdcsban. A nitrogén atomok nagyobb elektronegativitasa miatt a kozottiik fellepd
kovalens kotés ionos jellegli, ami miatt tulajdonsagai eltérnek a grafénra jellemzOktol,
kémiailag stabilabb, jo a hdvezetdképessége, valamint szigeteld anyag széles tiltott savval. A
polielektrolitok olyan makromolekuldk, amelyek disszocidbilis csoportokat tartalmazo
monomer egységekbdl épiilnek fel és hatékonynak bizonyultak a kiilonb6zé részecske
diszperziok stabilizaciojaban vagy destabilizaciojaban. A  bor-nitrid nanorészecske
diszperziok kolloid stabilitasa kiilondsen fontos, mivel a diszperzidk hajlamosak aggregéciora
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¢s gyakran javasoljdk a felhasznaldsukat heterogén rendszerekben, mint amilyen példaul a
véraram. A polielektrolitokat mar korabban is hasznaltdk bor-nitrid nanoszerkezetek
modositasdra, azonban olyan atfogd kutatds, amely az igy moddositott részecskék kolloid
stabilitdsaval ¢és a kiilonbdz6 polielektrolitok hatasaval foglalkozik nem taldlhatdo az
irodalomban. Jelen kutatds soran a toltésviszonyok ¢és az aggregéicios tulajdonsagok
meghatdrozasa céljabol elektroforetikus mobilitas és dinamikus fényszoras méréseket (DLS)
végeztliink a modositott bor-nitrid nanogdmbdkon (Boron nitride nanospheres; BNNS) vizes
kozegben linedris ¢és eldgazd polietilénimin (PEI L és PEI B) és poli-L-lizin (PLL)
jelenlétében a polelektrolit koncentracio és az ionerdsség valtoztatasaval. A BNNS eloallitasa
kémiai gdzfazisu levalasztassal tortént, a terméket transzmisszios elektronmikroszkopiaval
(TEM) és por rontgendiffraktometriaval (XRD) jellemeztiik. Infravords spektroszkopiaval
(IR) bizonyitottuk a polielektrolitokkal torténd boritottsagot. Mivel a BNNS alkalmazasa
nagyrészt vizes fazisban torténik ezek az eredmények érdekesek lehetnek azok az alkalmazasi
terliletek szempontjabol, ahol stabil vagy instabil szuszpenzidkra van sziikség.

TEM kép a bor-nitrid nanogombokrol
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Hexagonal boron nitride (h-BN) has a crystal structure similar to graphene, instead of carbon
atoms alternating boron and nitrogen atoms are present in the hexagonal lattice. The covalent
bond between them has a partially ionic character, owing to the greater electronegativity of
the nitrogen atoms compared to boron. This leads to distinct properties of h-BN; it is
chemically more stable and possesses enhanced thermal conductivity compared to graphene,
moreover it is an insulating material with a wide bandgap. Polyelectrolytes are
macromolecules built up by monomers containing dissociable functional groups. They have
shown to be effective in the stabilization or destabilization of different particle dispersions.
The colloidal stability of boron nitride nanoparticle dispersions is of crucial interest, as they
are commonly suggested to be used in heterogeneous systems such as the bloodstream.
Polyelectrolytes have previously been considered for the functionalization of different boron
nitride nanostructures, however, there is still a lack of comprehensive research in the
literature on their colloidal stability and the effect of different polyelectrolytes. In the present
research electrophoretic mobility and dynamic light scattering (DLS) measurements were
conducted on boron nitride nanospheres (BNNS) in aqueous dispersions to determine its
charging and aggregation features in the presence of linear and branched polyethyleneimine
(PEI L and PEI B) and poly-L-lysine (PLL) while changing the polyelectrolyte dose and the
ionic strength. The BNNS were synthesized by a chemical vapor deposition process, the
product was characterized by transmission electron microscopy (TEM) and powder X-ray
diffractometry (XRD). The coverage of the nanoparticles with the appropriate polyelectrolyte
was proved by infrared spectroscopy (IR). As the application of BNNS is predicted in
aqueous media in most cases these results can be interesting in fields where there is a need
for stable or unstable dispersions.

29



TEM image of the boron nitride nanospheres

Egy levél élete — Plasztisz differenciacio és fotoszintetikus aktivitas a

vadgesztenye riigyeiben és leveleiben
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A vadgesztenye (Aesculus hippocastanum L.) Eurdpa-szerte a varosi teriileteken jol ismert
diszfa, de kérgének, leveleinek ¢és magjainak hagyomanyos ¢és modern gyogyaszati
felhasznalasa is van. Sajnos szamos betegséggel €s kartevovel szembeni érzékenysége miatt a
faj a kdzelmultban felkeriilt a fenyegetett endemikus eurdpai fak listdjara. A plasztiszfejlodés
¢s fotoszintetikus aktivitds vizsgalata a természetes levélfejlodés soran, valamint a kiilonféle
biotikus ¢és abiotikus stresszorok, példaul a vadgesztenyelevél-aknazémoly (Cameraria
ohridella) altal okozott fertdzés soran, nem csak az alapkutatds és az esztétikus varoskép
megodrzése szempontjabol elengedhetetlen, hanem klorofill fluoreszcencia tavérzékelés révén
segithet a stressz korai felismerésében, €s igy a kartevoirtasban is. Korabbi munkak specialis
plasztiszfejlddési utvonalakat és atmenetileg gatolt klorofill bioszintézist irtak le a zart téli
riigyek levélprimordiumaban, kiilondsen a riigyfakadas idején. Jelen tanulmanyban elemeztiik
a plasztiszok differencidlodésat (transzmisszids elektronmikroszkdppal), a klorofill szintézist
¢s a fotoszintézist vizsgaltuk a vadgesztenyelevél teljes ¢€lettartama alatt. Ebbol a célbodl
mértiik ezeket a paramétereket a riigyek és levélkezdemények el6zd nyaron elinduld
fejlodésétol, az 6szi nyugalmi allapoton at, télen és jovo év kora tavasszal, majd az ezt kovetd
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marcius-aprilisi riigyfakadéas, a gyors levélndvekedés és a kifejlett levelek tavaszi végsod
differencidlodasa, valamint nyari mitkddésiik és 6szi dregedésiik, szeneszcencidjuk soran. Azt
is megvizsgaltuk, hogy a vadgesztenyelevél- aknazomolyok fert6zésének korai és késdi
szakasza hogyan befolyasolta a fenti paramétereket. Adataink azt mutatjdk, hogy a
vadgesztenye riigyei rendkiviil ellendlld szerkezetet képviselnek, amelyben a
levélkezdemények fotoszintetikusan aktiv allapotban talélik a nyari héhullamokat, valamint a
hideg teleket. Riigyfakadas és a levelek novekedése utan a fotoszintézis €s a klorofilltartalom
gyorsan eléri a maximumat; azonban a levélaknazé-moly fertdzésnek mar korai stadiuma a
kloroplasztisz-szerkezet modosulasat és a mért értékek jelentds csokkenését okozza, ami arra
utal, hogy a klorofill-tdvérzékelés hasznos paramétere lehet a ndvényvédelemnek és a
betegségek elleni védekezésnek.

o

Felsé kép: Egy kiils6 levélprimordium sejtjei egy szi zart riigyben. Also kép: Szeneszcens Oszi levél sejtjei, szeneszcens
plasztiszokkal.
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Horse chestnut (Aesculus hippocastanum L.) is a well-known ornamental tree in urban areas
across Europe, but its bark, leaves and seeds also have traditional and modern medicinal uses.
Unfortunately, due to its vulnerability to several diseases and pests, the species has been
recently added to the near-threatened endemic European trees’ list. Understanding plastid
differentiation and photosynthetic activity during natural leaf development as well as upon
various biotic and abiotic stressors such as infection by horse chestnut leaf miner (Cameraria
ohridella) is not only essential for basic science and aesthetic preservation but may also
provide information for early stress detection and subsequent pest-control using chlorophyll
fluorescence remote sensing. Previous studies described special plastid developmental
pathways and transiently inhibited chlorophyll biosynthesis in leaf primordia of closed winter
buds, especially during bud break. In the present study, we analyzed plastid differentiation
(using transmission electron microscopy), chlorophyll synthesis and photosynthesis during
the entire lifespan of horse chestnut leaves. To this aim, we measured these parameters from
the initialization of buds and leaf primordia during the previous summer, their quiescent stage
in autumn, winter, and early spring next year, followed by bud break in March-April, fast leaf
expansion, and final differentiation of the mature leaves in spring, as well as their activity
during summer and senescence in autumn. We also investigated how early- and late stages of
infection by horse chestnut leaf miners influenced the above parameters. Our data outline that
horse chestnut buds represent highly resilient protective structures, in which leaf primordia
survive summer heatwaves as well as cold winters with photosynthetically active leaf
primordia. Photosynthesis and chlorophyll content quickly reach their maxima after bud
break and full leaf expansion; however, already early stages of leaf miner infection cause a
notable decrease in these values and alterations in chloroplast structure, indicating that
chlorophyll remote sensing may be a useful parameter for plant protection and disease
control.
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Upper image: Cells of an outer leaf primordium of a closed bud in autumn. Lower image: Cells with senescing plastids from a
senescing leaf in autumn.
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Az ipari forradalom bekoszontésével vilagszerte nagy mértékben megnétt az energiatermelés,
igy rohamosan novekszik az atmoszféra CO2 koncentracidja. Az antropogén
CO2-kibocsatassal — foglalkozni  kell. A 1égkdri szén-dioxid koncentracid tovabbi
novekedésének megakadalyozasa érdekében csokkentheté a kibocsatasa vagy értékes
anyagokkd alakithatd. A szén-dioxid hasznos termékekké (alkoholok, szénhidrogének stb..)
valo atalakitasdnak egyik igéretes ¢€s elterjedt modszere a folyamatos aramlast heterogén
katalizissel végzett hidrogénezés. Szinte nincs is olyan ipari folyamat, amiben ne kapna
jelentds szerepet a katalizis. Ezért a katalizatorok folyamatos fejlesztése egy elengedhetetlen
Iépés a technologidk fejlodésének érdekében. A nanorészecskék, nanoklaszterek gyakran
elére nem megjosolhatd tulajdonsagokkal rendelkeznek, szerepiik a katalizisben jelentds.
Munkam soran sikeresen eldallitottunk Pt, Rh, Rh szub-nanométeres (

1% Pt/MCF 17

1% Rh/MCF 17

CeO2 és MCF-17 hordozos Nanorészecskék TEM képei. Pt (a, b), Ru (c, d), Rh (e, f).
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Designed nanocatalysts in high pressure CO2 hydrogenation reaction
Bali Henrik ', Ali Shan Malik ', Sapi Andras '

! Department of Applied and Environmental Chemistry, University of Szeged, 6720 Szeged, Rerrich Béla tér 1, Hungary

henrikbali8655@gmail.com

With the advent of industry, energy production has significantly increased leading to a rapid
increase in the concentration of CO2 emissions. Therefore, the decrease of CO2 emissions is
an important task. CO2 can be converted into valuable substances by continuous flow
heterogenous catalysis. One promising and widespread method which allows the production
of many useful products is hydrogenation. There is almost no industrial process without
catalysis. Hence, the continuous development of catalysts is an essential step in the
development of technology. Nanoclusters — usually comprise of only a small number of
atoms — demonstrate unique and often unpredicted characteristics and hence received
considerable importance in catalysis. In this work Pt, Rh, Ru sub nanometer (< 2 nm) were
produced and anchored onto mesoporous CeO2 and high specific surface area silica support.
MCF17 in the amount of 1%.The catalysts were tested by various structural methods
(BET,XRD,HRTEM,XPS) and then tested for catalytic activity in a high pressure CO2
hydrogenation reaction in the appropriate temperature range (493 - 613 K)

1% Pt/MCF 17

1% Rh/MCF 17

TEM images of NCs over CeO2 and MCF 17. Pt NCs (a, b), Ru NCs (c, d) and Rh NCs (e, f).
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A DPP4 enzim egy multifunkcids integrans membranfehérje, aminek gerincveldi szinti
gatlasa jelentds antihyperalgesias hatast mutat mind karragénnel kivaltott akut gyulladasban,
mind neuropatidban. A DPP4 jelen van neuronokon és gliasejteken is és expresszidjanak
szignifikans emelkedése figyelheté meg asztrocitdkon periférids gyulladast kovetden,
mikroglia sejteken neuropatids koriilmények kozott. A DPP4 gatloszerei szignifikdnsan
csokkentették az LPS-dal kezelt asztrocita-tenyészet citokin-kibocsatasat azt sugallva, hogy a
DPP4 a gyulladdasos mediatorok expresszidjanak fokozasaval jarul hozza a hyperalgesia
kialakulasahoz a kozponti idegrendszerben. Annak eldontésére, hogy a DPP4 a kdzponti
idegrendszeren kiviil is részt vesz-e a gyulladdsos folyamatokban, a DPP4 expresszidjat
vizsgaltuk egy Complett Freund-adjuvanssal (CFA) létrehozott peritonitis modellben. Mivel a
Toll-like receptor 4 (TLR4) kulcs szerepet jatszik a CFA-val kivaltott periférias gyulladas
létrehozasaban és az LPS kotohelye is egyben, vizsgalatainkban a DPP4 ¢és TLR4 lehetséges
interakcidjanak morfologiai hatterét is vizsgaltuk. A CFA-val kivaltott gyulladés
kovetkeztében  kialakul6 ~ morfologiai  valtozdsokat ~a  mesothel sejtekben
elektronmikroszkopos szinten kovettiik. A DPP4, TLR4 ¢és caveolin-1 expresszidjat valamint
ezek kolokalizacigjat vizsgaltuk kontroll és CFA kezelt peritoneélis mesothel sejteken tobbes
immunfluorescens jelolések és konfokalis mikroszkop segitségével. A kialakuld gyulladas
alatt az egyébként ellapult, egymassal szorosan Osszekapcsolt mesothel sejtek lekerekednek
¢s egymastol eltdvolodnak. Kontroll koriilmények koézott a DPP4, TLR4 és caveolin
immunreaktivitas a mesothel sejtek sejtmembranjaban volt megfigyelhetd. Mindharom
fehérje expresszidjanak és a membranba vald kihelyezddésének fokozodasat tapasztaltuk a
gyulladdsos folyamatok kezdetén. A gyulladas harmadik napjan a TLR4 megjelent a
citoplazmaban és a sejtmagban is. Morfologiai eredményeink aldtdmasztjdk azt az
elképzelést, amely szerint a TLR4 receptor aktivacio6 a DPP4 sejtmembranba torténd
kihelyezddését eredményezi, ami lehetdséget teremt arra, hogy a caveolinnal interakcidba
1épjen, fokozza az NF-kB szignaltranszdukcios utvonal aktivitasat és a gyulladasos citokinek
expresszigjat.
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A mesothel sejteken normal allapotban kis mennyiségben megtalalhato a DPP4 membranfehérje, de ennek expresszioja CFA altal
eldidézett gyulladas 3. napjara jelentésen megné. A TLR4 a normal dllapotii mesothel sejtek membranjaban megtaldalhato fehérje,
amely a gyulladas 3. napjara megjelent a citoplazmaban és a mag koriil egyarant.

Possible role of dipeptidyl peptidase 4 in inflammation
Viktor Kilin ', Rébert Lunacsek ', Mark Kozsurek ', Viktéria Zsiros ', Anna L. Kiss ', Kornél Kiraly 2,
Andrea Gajtké 3, Krisztina Hollé °, Zita Puskar '

ISemmelweis University, Faculty of Medicine, Department of Anatomy, Histology and Embryology,, *Semmelweis University,
Faculty of Medicine, Department of Pharmacology and Pharmacotherapy,, * University of Debrecen, Faculty of Medicine,
Department of Anatomy, Histology and Embryology

kilin95@gmail.com

DPP4 is a multifunctional integral membrane glycoprotein expressed on many cell types.
Spinal inhibition of the DPP4 resulted in a strong anti-hyperalgesic and anti-inflammatory
effect. DPP4 immunoreactivity was found on neurons and glial cells in the spinal cord and its
expression increased significantly in astrocytes during inflammation or microglia in
neuropathy. Significant decrease of LPS-induced inflammatory cytokine level was detected in
astrocyte cell culture following DPP4 inhibitor treatment suggesting that DPP4 contributed to
hyperalgesia via enhancing the inflammatory cytokine expression. To determine how DPP4 is
involved in inflammatory processes outside the central nervous system, we examined the
changes of DPP4 expression in a Complete Freund Adjuvant (CFA) induced peritonitis
model. Since Toll-like receptor 4 (TLR4) plays a key role in the development of CFA induced
peripheral inflammation and has binding site of LPS, we studied the morphological
background of the possible interaction between DPP4 and TLR4. Inflammation induced
morphological changes of mesothelial cells were examined at electronmicroscopic level.
Multiple immunofluorescent labelling and confocal microscope were used to study the
expression patterns and colocalization of DPP4, TLR4 and caveolin (CAV). The squamous
and tightly connected mesothelial cells lost their intercellular connections and their shape
became round. DPP4, TL4 and CAV immunoreactvities were localized mainly in the cell
membrane in control conditions and all three protein showed enhanced expression and
increased insertion into the membrane after CFA treatment. TLR4 appeared in the cell
nucleus in the third day of inflammation. Our results support that activation of TLR4 results
in enhanced insertion of DPP4 into the cell membrane where DPP4 and CAV interact and
increase the activity of the NF-xB pathway and the inflammatory cytokine expression.
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Low level of DPP4 was detected in untreated mesothelial cells but dramatic increase of the DPP4 immunoreactivity of these cells
appeared after 3 days of the CFA treatment. TLR4 was localized in the cell membrane of control mesothelial cells but appeared in
the cytoplasm and the nucleus 3 days after the treatment.

Anizotropia vizsgalata fogzomancban pasztazo elektronmikroszkopos és

Raman spektroszkopos modszerekkel
Hegediis Maté ', Aradi Laszl6 E16d PhD 2, Viktéria Kovacs Kis PhD ?, Zsolt Kovacs PhD ¢
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Az emberi fogzomanc hierarchikus felépitése miatt kivald mechanikai tulajdonsagokkal
rendelkezik. A zomdnc alap épitdegységei karbonattartalmt hidroxilapatit nanokristalyok,
amik jellegzetes formaju nagyobb struktirakat, G.n. prizmakat alkotnak. A fogzomanc
hierarchikus szerkezetében mindkét egységben jelen van anizotrépia. Munkankban mind a
nanokristalyos szerkezet, mind a prizmak anizotdpidjanak kvantitativ jellemzését végeztiik
kiilonb6zé képalkotd modszerekkel. Mikrométeres méretskalan vizsgaltuk a prizmak
orientadcié szerinti eloszldsadt pésztazd elektronmikroszképos felvételeken alapuld
automatikus ellipszis illesztéses elven miikodd képfeldolgozdé moddszerrel. Az altalunk
kidolgozott eljaras lehetdséget ad a zoménc szubmilliméteres struktirainak komplex
megfigyelésére és a prizmakbol felépiild szerkezet kvantitativ jellemzésére. A prizmakat €s a
prizmak kozotti interprizmatikus teret kitdltd hidroxilapatit nanokristalyok atlagorientacidjat
¢s atlagos kristalyszerkezeti jellemz6it Raman spektroszkopidn alapuld térképezéssel
hataroztuk meg. A 428/445 cm-1-es foszfat moédusok csucsteriilet aranyanak helykoordinata
szerinti térképe alapjan a prizmdk és az interprizmatikus tér atlagos kristalyorientacidja
kozott szignifikans kiillonbséget figyeltiink meg. Az anizotrdpia jellemzésére kidolgozott két
modszer egyiittes alkalmazisa pontosabb képet nyujt a zoménc mikro- €s nanoszerkezeti
anizotropidjarol, ami példaul a mechanikai tulajdonsagok térbeli valtozasanak értelmezéséhez
¢s az egyes hierarchikus szerkezeti egységek szerepének magyarazatahoz alapvetden
sziikséges.
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A 428 és 445-0s foszfat médusok aranyabol kapott Raman térkép. Zomancprizma (piros), interprizmatikus tér (kék).

Investigation of anisotropy in enamel based on scanning electron microscopy
and Raman spectroscopy techniques
Maté Hegediis ', Laszlo Eléd Aradi PhD 2, Viktoria Kovacs Kis PhD 3, Kovacs Zsolt ¢
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Due to its hierarchical structure, human enamel has excellent mechanical properties. The
building blocks of enamel are composed of carbonate-containing hydroxyapatite
nanocrystals, which form larger structures, so-called prisms, with a characteristic shape.
Anisotropy is present in both units of the hierarchical structure of tooth enamel. In our work,
we performed the quantitative characterization of both the nanocrystalline structure and the
anisotropy of prisms by different imaging methods. The orientation distribution of the prisms
was examined on a micrometer scale using an automatic ellipse fitting imaging processing
method based on scanning electron microscopy. The method we have developed provides an
opportunity for the complex observation of the submillimeter sized arrangement of enamel
and the quantitative characterization of the structure of prisms. The average hydroxyapatite
nanocrystal orientation and average crystal structure characteristics of prisms and the
interprismatic space were determined by Raman spectroscopy- based mapping technique. The
map calculated from the ratio of peak area of the 428/445 cm-1 phosphate modes indicates, a
significant difference in the average crystal orientation between the prisms and the
interprismatic space. The combined application of the two methods provides a more accurate
picture of the micro- and nanostructural anisotropy of enamel, which is essential for
interpreting the spatial variation of mechanical properties and explaining the role of each
hierarchical structural unit.
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Raman map made by the intensity ratio of the 428 and 445 phopshate modes. Enamel prism (red), interprismatic square (blue).

Barlangbol kitenyésztett baktériumtorzsek amorf kalcium-karbonat

kivalasztasanak tanulmanyozasa
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Viltozatos kornyezetekbdl (pl. cement, mészkd, talaj, tavak, forrasok, karsztbarlangok)
kitenyészett baktériumtorzsek esetén figyeltek meg kalcium-karbondt precipitaciot. A
bakterialis aktivitds kivalasi folyamatokra és polimorfok szelekciojara kifejtett hatdsat
mégsem ismerjiik részleteiben. A kutatds célja volt, hogy baktériumtorzseket izolaljunk a
Baradla-barlangbol = (Magyarorszdg) ¢s megvizsgaljuk precipitaciés  képességiiket
tenyészeteikben szilard B4 taptalaj hasznalatival. Az izolalt baktériumtorzsek tobbsége
valasztott ki kristalyokat. Koziilik kivalasztottunk harom torzset ¢és részletesen
tanulmanyoztuk precipitaciés folyamataikat nagyfelbontasi pasztazd transzmisszios
elektronmikroszképi (STEM), elektron diffrakcids, illetve Raman-spektroszkopiai
modszerekkel. A Rhodococcus degradans BaTD-248 torzs sejtfelszinén gomb alaka amorf
kalcium-karbonat (ACC) szemcséket figyeltiink meg 3 nap elteltével, majd 2 hét utan
romboéderes kalcitot is azonositottunk, de a kisérlet 26 hetes idOtartama alatt ezek a
precipitaitumok mindvégig ACC-t is tartalmaztak kb. 20%-os mennyiségben. A kalcit
kristalyok felszinét ACC ¢és bakterialis extracellularis polimer anyag (EPS) boritotta, utobbi
feltehetden megakadalyozta az ACC atkristdlyosodasat. Az EPS nagy mennyiségli hossza
szénlancl zsirsavakat, illetve fehérjéket, szénhidratokat és nukleinsavakat tartalmazott a
pirolizis-GC-MS  vizsgalatok eredményei szerint. Az ACC szemcsék Kkalcitta vald
atkristalyosodasaban az EPS réteg fokozatos elbomlasa jatszhat szerepet. Kutatasunkat az
Innovéciods és Technologiai Minisztérium Nemzeti Kutatési, Fejlesztési és Innovacios Alap
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OTKA FK141842, ANN141894 és NKFIH-872, illetve az E6tvos Lorand Kutatohalozat
NANOCARB SA-41/2021 palyazatok tamogatasaval végeztiik.

200 nm : % 200 nm

(a) 21 napig inkubalt Rhodococcus degradans BaTD-248 sejtekrdl 26 héttel késébb készitett STEM abrak. Gomb alaku ACC
szemcsék (fekete nyilak) és részben oszlopszeriien rendezddott objektumok (fehér nyilak) a baktériumsejt felszinén. (b) A
teriilethatarolt elektron diffrakcios mintdzat az (a) panel fehér korrel bekarikazott teriiletérdl késziilt és az ACC karakterisztikus
diffiiz gyiiriiit és halvany kalcit reflexiokat mutat. Az elemtérképek az ACC képzddési helyén nagy Ca koncentraciot és kis N
koncentrdciot jeleznek a sejt felszinén.

Amorphous calcium carbonate precipitation by cave bacterial strains
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Calcium carbonate precipitation was observed for numerous bacterial strains isolated from
diverse environments (e.g. cement, limestone, soils, lakes, springs, karst caves). However, the
effect of bacterial activity on precipitation process and polymorph selection are not fully
understood. The aim of this study was to cultivate bacterial strains from the Baradla Cave
(Hungary) and examine their precipitation capacity in the colonies by inoculating solid B4
medium. Most of the bacterial strains produced calcium carbonate. We selected three
bacterial strains to analyse their precipitates with transmission scanning transmission electron
microscopy (STEM), electron diffraction and Raman spectroscopy in detail. Rhodococcus
degradans strain BaTD-248 precipitated spherical amorphous calcium carbonate (ACC)
grains after 3 days incubation, that transitioned to rhombohedral calcite after 2 weeks.
However, ACC quantity varied up to 20% until the end of the experiments (26 weeks).
Calcite grains were covered with ACC and the bacterial extracellular polymeric substance
(EPS) shielded ACC from crystallization. The EPS contained large amount of long-chain
fatty acid components in addition to proteins, carbohydrates and nucleic acids based on
pyrolysis-GC-MS measurements. We suggest that the disintegration of the protective layer
induces the crystallization of ACC grains to calcite. This work was supported by the Ministry
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of Innovation and Technology of Hungary from the National Research, Development and
Innovation Fund Grant FK141842, ANN141894 and NKFIH-872 and the Eo6tvos Lorand
Research Network NANOCARB project, SA-41/2021.

200 hm

(a) STEM image of Rhodococcus degradans BaTD-248 incubated for 21 days and observed 26 weeks later. Spherical ACC grains
(black arrows) and partly ordered columnar objects (white arrows) occur on the surface of the bacterial cell. (b) Selected-area
electron diffraction pattern taken from the white circle area of (a) shows the characteristic diffuse rings of ACC and faint calcite
reflections. The elemental maps show Ca enrichment and N decrease on the surface of the cell in consistent with ACC formation.

Metastabil kalcium-karbonat modosulatok atalakulasanak vizsgalata
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Lazar Anett ', Bortel Gabor 2, Demény Attila ', Karlik Maté ', Molnar Zsombor *, Szabé Maté Zoltan ',
Trif Laszlé ¢, Németh Péter *

" ELKH, Csillagaszati és Féldtudomanyi Kutatokozpont, Foldtani és Geokémiai Intézet, Budapest, > ELKH, Wigner Fizikai
Kutatokozpont Szilardtestfizikai és Optikai Intézet, Budapest, * Pannon Egyetem Bio-nanotechnologiai és Miiszaki Kémiai
Kutatointézet, Nanolab, Veszprém, * ELKH, Természettudomanyi Kutatokozpont, Anyag- és Kornyezetkémiai Intézet,
Budapest

lazar.anett@csfk.org

A kalcium-karbonatok a foldkéreg elterjedt alkotdi. 6 mddosulata ismert, melyek koziil 3
vizmentes €s 3 viztartalmu karbonat. A vizmentes karbonatok csoportjaba a kalcit, a vaterit és
az aragonit tartozik, mig a kalcium-karbonat-hexahidrat (ikait), a kalcium-karbonat-
monohidrat (monohidrokalcit) és az amorf kalcium-karbonat (ACC) viztartalmt karbonatok.
Anyagtudoményi szempontbdl érdekes, €éppen ezért egyre nagyobb jelentéségli anyag az
ACC. Ez az anyag a kristalyos kalcium-karbonatok ismert elddasvanya. Jelentdsége ellenére
azonban a mai napig szamos kérdés ovezi az ACC-kristalyos kalcium-karbonat atalakuldsi
folyamatokat. Az ACC az ikaitnak - egy paleoklimatoldgiai szempontbol fontos, metastabil
karbonatnak - is elddasvanya. Az ikait a természetben hideg kdrnyezetben (4 °C alatt), pH >9
mellett képzddik, megjelenése fagypontkozeli (kriogén) kornyezeti feltételekhez kotott. A
homérseklet emelkedésével az ikait elvesziti kristalyvizét, és a morfologidjat megdrizve a
vizmentes formak valamelyikévé alakul at, rendszerint kalcittd. Az ikait-kalcit atalakulas
soran az ikaitbol elsoként egy metastabil amorf fazis keletkezik, amely rovid idén beliil
atalakul vizmentes kristdlyos formava. Az eléaddsomban bemutatom a laboratdriumi
koriilmények kozott eldallitott ikait ACC-vé majd kalcittd alakuldsanak folyamatat,
elektronmikroszkdppal készitett felvételeken szemléltetem az ikaitbol képzddott- az ikait
morfologiat megdrzd- amorf kalcium-karbonat morfologiajat (1.a dbra), majd bemutatom az
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ikaitbol képzddé ACC és az ikait eldtti ACC fazis (1.b abra) morfoldgidjaban és kémiai
Osszetételében tapasztalt kiilonbségeket. Kutatasunkat az Innovécios és Technoldgiai
Minisztérium Nemzeti Kutatdsi, Fejlesztési ¢és Innovaciés Alap OTKA FK141842,
ANN141894 palyazatok tamogatasaval végeztiik.

1.abra (a) Ikaitbol vakuum hatasdra keletkezett mikronos méretii, sajat alaki ACC szemcsék. A szemesék feliiletén porusok,
repedések lathatok, melyek a kristalyviz tavozasa soran keletkeztek. (b) Laboratoriumban szintetizal ACC szemcesék. A gomb alaki
szemesek 100 nm atlagos szemcsedatmérével rendelkeznek.
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Calcium-carbonates are widespread on the Earth’s crust. Three anhydrous and three hydrous
calcium-carbonates crystal structures (polymorphs) are known. The anhydrous polymorphs
are calcite, aragonite and vaterite, whereas the hydrous forms are ikaite (calcium carbonate
hexahydrate), monohydrocalcite (calcium carbonate monohydrate) and amorphous calcium
carbonate (ACC). ACC is the precursor phase of crystalline calcium carbonates and as such,
it is in the focus of intense material science research. Despite its relevance, the details of the
ACC-crystalline calcium carbonate transformation process are not fully understood. ACC is
also a precursor of ikaite, which is a mineral commonly used for inferring cold paleoclimate.
In its natural environment ikaite forms around 0-4°C in alkaline medium (pH>9). If the
temperature rises the ikaite loses its crystal water and transforms into one of the anhydrous
crystalline forms, commonly to calcite. During the ikaite-calcite transformation firstly a
metastable amorphous phase forms, which rapidly converts to anhydrous crystalline
carbonates. During the transition, ikaite preserves its original morphology. In my presentation
I will show the laboratory-produced ikaite -ACC-calcite transformation process, illustrate the
morphology of ACC, formed from ikaite, using SEM images and compare the morphology,
stability, and water content of the starting (as-synthesized) (Fig. 1b)and the ikaite-formed
ACC (Fig.1a). This work was supported by the Ministry of Innovation and Technology of
Hungary from the National Research, Development, and Innovation Fund Grant FK141842,
ANN141894.
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Fig.1 (a) Ikaite-formed ACC with micrometer-sized and euhedral particles. Dehydrating pores are visible on the surface of the
particles. (b) Starting (as-synthesized) ACC material. The spherical particles have an average particle size of 100 nm.

Tobbrétegii poli(pirrol) rétegek elektropolimerizacioja kiillonb6z6 kalium- és
litium elektrolitokat tartalmazo oldatokban, illetve ezek elektroaktivitasanak
és feliileti morfologiajanak vizsgalata
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Az elektroaktiv polimereknek fizikai és kémiai tulajdonsigaik kovetkeztében szamtalan
felhasznalasi moédjuk lehetséges. Hasznaljak ket kis méretli, hordozhatd elektromos
késziilékekben, elektromos izmokban a robotika teriiletén, digitalis kijelzokben és
gyogyszerek célba juttatdsdhoz sziikséges mechanizmusok esetén a gyogyszeriparban,
elektromos 4&ram generatorokban, jelek érzékeléséhez, a feldolgozasukhoz sziikséges
miuszerekben, illetve korr6zid rezisztens rétegek kialakitdsdhoz. Az elektroaktiv polimerek
képesek mechanikai eréhatast, elhajlas Gtjan kifejteni, ugyanis elektromos fesziiltség hatasara
a szerkezetiikben fellépd redukcids-oxidacios (redoxi) reakciok kovetkeztében ionaram indul
meg a fesziiltség polaritasatol fiiggd iranyban. fgy voltaképpen a befektetett elektromos
energiat mechanikai, pontosabban kinetikus energiava alakitjak at. Két fajtajat kiilonboztetjiik
meg: a dielektromos elasztomereket és az ionos elektroaktiv polimereket. Mig az el6bbinek
az elhajlasdhoz kV-os nagysagrendii fesziiltségeket kell rdadni, addig az utdbbinak a
miikodéséhez néhany V-os fesziiltség elegendd. Az elektromechanikai valasz a raadott
fesziiltségre nagyban fligg a rétegben levd elektrolit ionjaitdl, a szintézishez hasznalt oldat
tulajdonsagaitdl és a kornyezeti hatdsoktdl (homérséklet, 1égnyomas). Kutatdsunkban egy
ionos elektroaktiv polimer réteget allitottunk eld elektropolimerizacié utjan. Az elektro
szintézishez kiilonb6zd Osszeallitdssal oldatokat készitve poli(pirrol) (PPy) vékonyréteget
készitettlink egy eldzetesen aranyozott, polivinil-difluorid (PVDF) membranra acetonitril,
pirrol monomer, illetve kiillonb6zd elektrolitok felhasznalasaval. Egy haromelektrodos
elektrokémiai cellaban végeztiik el az elektropolimerizaciot, vagy masnéven az elektromos
réteglevalasztast, melynek sordn az elektrolittol fliggden kiilonb6zd anionokkal szennyeztiik a
mintat. A kiilonboz6 elektrolitokat tartalmaz6 (KTFSi, LiTFSi, KCIO4, LiClO4, KNO3,
LiNO3), acetonitril oldatokban eldallitott tobbrétegli, PPy-Au-PPy mintdkat ezutan pasztazo
elektronmikroszkdppal (SEM), Raman spektroszkopiaval vizsgaltuk, majd elektromechanikai
vizsgalatoknak vettetiik ald egy sajat készitésii Arduino UNO rendszer segitségével, ahol az
egyes oldatokban szintetizalt mintdk kitérését, raadott fesziiltség amplitidojat,
elektroaktivitasat mértiik. Az eredmények alapjan azt talaltuk, hogy a KTFSi sot tartalmazo
oldatban eléallitott mintdink maradtak a leghosszabb ideig elektroaktivak a legkisebb raadott
fesziiltség ellenében, a készitett SEM képek alapjan rendkiviil homogén feliileti morfoldgiat
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allapitottunk meg ellentétben a tobbi mintank (-ClO4-, -NO3-) esetén, mely véleményiink
szerint az un. elektrolit-hatdsnak kdszonhetd. Az is nyilvanvalova valt, hogy bar a szennyez6
anion hatasa a legjelentdsebb, az oldat tulajdonségaira hatdssal van a kation is. Attdl fiiggden,
hogy milyen tulajdonsaggal (ionok mérete) rendelkezd aniont (pl. TFS és kationt (pl. K+)
tartalmaz a kiindulasi oldat, az eldéallitott mintdink elektroaktivitasa, az elhajlas kitérése és a
mozgashoz sziikséges, raadott fesziiltség értéke is aszerint valtozik. A kémiai rendszerben
tehat az oldat a meghatarozo (elektromos vezetOképesség, viszkozitds, elektrolit ionjainak
mérete és vezetoképessége).
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Egy elektropolimerizacio soran eldallitott, tobbrétegii PVDF-Au-PPy, NO3- anionokat tartalmazo elektroaktiv polimer réteg
felszinének pasztazo elektronmikroszképos képe (SEM Thermo Scientific Apreo 2).

Electropolymerization of multilayer poly(pyrrole) layers in different

electrolyte solutions and their evaluation of morphology and electroactivity
Zoltan Novak ', Gabor Kozma ', Akos Kukovecz !, Imre Szenti '

! University of Szeged, Department of Applied and Environmental Chemistry

zoltan.novak@chem.u-szeged.hu

Electroactive polymers (EAPs) are desirable candidates for applications including actuators
functioning in air and vacuum, miniature wearable devices, tactile displays and drug delivery
systems in healthcare, electric power generation and storage, signal sensing and processing,
electrocatalysts and biosensors, and anticorrosive coatings. Electroactive polymers are able to
produce mechanical strain through redox reactions inside the substrate when under electrode
potential control, resulting in motion by converting input electrical energy into mechanical
energy. The redox reactions, thus the ion transport in the polymer layer is controlled by the
applied voltage and its orientation depends on the voltage polarity. Electroactive polymers
have two main categories: dielectric elastomers and ionic electroactive polymers. Though
both are lightweight, the former requires high activation voltage (in the range of kVs) to
produce large actuation strain rates, while the latter is capable of bending by applying several
Volts and changing its volume due to the movements of charged particles in the substrate
containing the electrolyte solution. The electromechanical response strongly corresponds to
the nature of the constituent electrolyte solution (solvated ion radius, ionic mobility,
conductivity, viscosity etc.) and other environmental factors during synthesis (temperature,
humidity etc.). In our research, we synthesized electroactive polymer films via
electropolymerization. We concocted different solutions for the process and prepared
poly(pyrrole) (PPy) thin layers on gilded, polyvinyl-difluoride (PVDF) membrane substrates
with the mixing of acetonitrile, a pyrrole monomer solution and different lithtum and
potassium electrolytes. The electrosynthesis or electrodeposition was carried out in a
three-electrode electrochemical cell system during which the PPy layers were doped with
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different anions depending on which electrolyte was used in the experiment (KTFSi, LiTFSi,
KClO4, LiClO4, KNO3, LiNO3). Afterwards, the multilayer PPy actuator films were
characterized by scanning electron microscopy to evaluate the surface morphology of our
films and by Raman spectroscopy to detect any difference in their Raman spectra if any. Also,
the electroactivity of PPy films were measured with a self-assembled Arduino UNO
microcontroller system in order to record the applied voltage amplitude, the tip displacement
and the electroactivity over several days automatically. According to our results, the
PVDF-Au-PPy films electrodeposited in the acetonitrile solution containing the TFSi-
electrolyte (with the addition of KTFSi to the synthesis solutions) were the most electroactive
and had the most homogeneous surface morphology out of all the others ((-C104-, -NO3-). It
has also become obvious, that the cations and the anions of the electrolyte affects the
morphology and electric actuation of our films. Depending on what kind of ions in the
acetonitrile solution, the electroactivity, the voltage needed for electric actuation can be
tailored in case of our PPy films. In this three-electrode system, we used for synthesis,
therefore it is decisive to choose the base solution (conductivity, viscosity), the electrolyte
(anion/cation size and mobility), the monomer carefully to have a highly conductive
electroactive polymer actuator.
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SEM image of a multilayer PVDF-Au-PPy, NO3- anions containing electroactive polymer film (SEM Thermo Scientific Apreo 2)

A Kannabinoid Receptor 1 Immunpozitiv Periszomatikus Beidegzésének
Vizsgalata Epilepszias Betegek Diszplazias Kérgének Principalis Sejtjein
Szekeres-Paraczky Cecilia “*, Szocsics Péter ¢, Eréss Lorand 2, Salamonné Mihaly Orsolya *, Magléczky
Zséfia ¢

'Human Agyszévet Laboratorium, ELKH Kisérleti Orvostudomanyi Kutatointézet, Budapest, *Orszagos Mentalis
Ideggyogyaszati és Idegsebészeti Intézet, Funkcionalis Idegsebészeti Osztaly Budapest, *Szent Borbadla Korhaz Patholdgiai
Osztaly Tatabanya, * Szentagothai Janos Idegtudomanyi Doktori Iskola Semmelweiss Egyetem, Budapest

paraczky.cecilia@koki.hu

A fokalis kortikalis diszplazia (FCD) egy idegi fejlodési rendellenesség, amely gyakran all a
gyogyszerrezisztens epilepszia betegség hatterében. Az FCDIIB eseteket tobbek kozott
diszmorfikus neuronok megjelenése ¢és sériilt kortikalis laminacid jellemzi. Korabbi
kisérleteinket temporalis lebeny eredetli epilepszias betegek hippocampusan végeztiik, és azt
talaltuk, hogy a periszomatikus gatldas meger6sodik, tovabba FCDIIB mintadinkban
megnovekedett szdmu PV-immunpozitiv periszomatikus terminalist talaltunk. Ezek a
feltételek eldsegithetik a principalis sejtek szinkron tiizelését ezzel novelve a rohamok
kialakulasanak valdszinliségét. Ezért azt is szeretnénk megvizsgalni, hogy hasonld valtozas
talalhato-e a Kannabinoid Receptor 1 (CB1R) immunpozitiv periszomatikus gétloelemek
mennyiségében FCD esetekben. Hat sebészeti uton eltavolitott FCDIIB agyszdvet mintat
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valasztottunk ki kvantitativ vizsgéalatainkhoz, melyek mellé rovid postmortem idejii (2-4 ora,
perfuziés fixalds) kontroll mintakat illesztettiink. A principalis sejtekkel kontaktalo
periszomatikus terminalisokat konfokalis fluoreszcens mikroszképban CB1R-Neuronal
Nuclei (NeuN) kettés immunfestéssel vizsgaltuk. Az FCD betegek mintdinak patologidja
heterogén volt, a kozel kontrollszeri szoveti régioktol a dezorganizalt kérgi rétegek
megjelenéséig. Az egyedi eltérések ellenére eldzetes eredményeink azt mutatjak, hogy a 3. és
5. rétegben 1évo principalis sejtek CBIR-immunpozitiv szinaptikus lefedettsége FCD
esetekben megerdsodik. A jelenlegi vizsgalatot ,kontrollszeri” rétegzettséget mutatod
mintakon végeztiik. Nem tisztazott, hogy a periszomatikus gatlo elemek mennyisége a tulzott
serkentés hatasara kialakulod adaptiv jelenség miatt valtozik, vagy eleve fennallo patologiai
elvaltozas, amely a rohamok hatasara tovabb erdsodik. A valtozas azonban mindkét esetben
tovabb novelheti a koros aktivitas valdszinliségét. A fosejtek periszomatikus gatlasanak
megvaltozasa ennek megfeleléen az abnormalis halozati aktivitds egyik alapmechanizmusa
lehet. Tdmogatas: NKFIH grant K 125436 2017-1.2.1-NKP-2017-00002

Control FCDII

NeuN-CBIR kettisfestett sejtek egy epilepszias (FCDIIB) alany frontalis kérgében a 3. rétegben konfokdlis fluoreszcens
mikroszkoppal fényképezve. A NeuN- pozitiv sejtek fehér, a CB1R-immunopozitiv elemek zold szinben lathatok. A feltehetéen
szinapszisokat alkoto CBIR tartalmu elemeket fehér nyilak jelolik. A kék nyilak a megnovekedett sejttestii, feltehetéen diszmorfikus
neuronokra mutatnak. A kisebb és nagyobb principalis sejtek vegyesen fordulnak el6 a 3. és 5. rétegben. A sarga nyilak a sejtekben
felhalmozodott autofluoreszcens lipofuscint jelzik. Skalak: 20 yum
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Examination of Cannabinoid Receptor 1 Immunopositive Perisomatic
Innervation of Principal Cells in Focal Cortical Dysplasia Type IIB in Human
Epileptic Patients

Cecilia Szekeres-Paraczky " ¢, Péter Szocsics " ¢, Lorand Erdss 2, Daniel Fabé 2, Orsolya Salamonné Mihaly
3, Zséfia Magloczky - ¢

! Human Brain Research Laboratory Institute of Experimental Medicine ELKH Budapest Hungary,, * Department of
Functional Neurosurgery and Center of Neuromodulation National Institute of Mental Health Neurology and Neurosurgery
Budapest Hungary, (3, * Szentagothai Janos Doctoral School of Neuroscience Semmelweis University Budapest Hungary

paraczky.cecilia@koki.hu

Focal cortical dysplasia (FCD) is a neurodevelopmental disorder often associated with drug
resistant epilepsy. FCDIIB cases are characterized by the appearance of dysmorphic neurons
and impaired cortical lamination. In temporal lobe epileptic (TLE) samples enhanced
perisomatic inhibition was found, furthermore, in our FCD samples elevated number of
PV-immunopositive perisomatic terminals was present on pyramidal cell bodies. These
conditions may increase the synchronous firing of cells and seizure probability. Therefore, we
wanted to investigate, whether cannabinoid receptor type 1 (CBI1R)-immunopositive
perisomatic inhibitory input has been changed in FCD cases, too. Six FCDIIB surgical
samples were selected for the quantitative comparison to control with short post-mortem
interval (2-4h, perfusion fixation). The perisomatic terminals contacting principal cells were
examined with CB1R-NeuN immunostaining in confocal fluorescent microscope. The
pathology of patients with FCD was heterogeneous from mostly control-like tissue to
disorganized cortical layers. Despite the individual variations, our preliminary results show
that the CB1R-immunopositive synaptic coverage of principal cells in layers 3 and 5 is larger
in FCD cases. The current study was performed on samples with “control-like” layers. It is
unclear whether the amount of inhibitory elements are changing due to the adaptive
mechanism balancing the excessive electrical discharges in FCD patients, or is a prior
pathological alteration that is further increasing by the effects of seizures. The reorganization
of the perisomatic inhibitory system in both cases could further increase the probability of
seizure activity. Thus, alteration of perisomatic inhibition may be a general mechanism of
abnormal network activity. Support: NKFIH grant K 125436 2017-1.2.1-NKP-2017-00002
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NeuN-CBIR double-immunostained cells in the prefrontal cortex of FCDIIB epileptic subject in layer 3 with confocal fluorescence
imaging. NeuN-immunopositive cells are white, CB1R-immunostained elements are green. The CBIR-containing elements, forming
presumable synapses are labeled with white arrows. The blue arrows show the enlarged cell bodies of presumable dysmorphic
neurons. Smaller and larger principal cells are mixed in layers 3 and 5. Yellow arrows show the autofluorescent lipofuscin drops.
Scales: 20 um

Szemcsés anyagok keveredésének jellemzése mikro-CT technikaval és DEM

szimulaciokkal
YVasarhelyi Livia ', Seb6k Déniel !, Szenti Imre ', Kukovecz Akos ', Kénya Zoltan **

! Szegedi Tudomanyegyetem, Interdiszciplinaris Kivalosagi Kozpont, Alkalmazott és Kornyezeti Kémiai Tanszék, 6720
Szeged, Rerrich Béla tér 1.,, > MTA-SZTE Reakcidkinetikai és Feliiletkémiai Kutatocsoport, 6720 Szeged, Rerrich Béla tér 1.

vasarhelyi@chem.u-szeged.hu

A keverés a kémiai technologiatol az élelmiszeriparon at az épitdiparig mindenhol jelen 1€vo
alapveté miivelet, amelynek fontossagar6l hajlamosak vagyunk megfeledkezni, holott a
keverés hatékonysaganak meghatarozasa kiemelt jelentéségti. Ha példaul a homogén allapot
elérésén tul is keveriink egy rendszert, azzal felesleges energiat fektetiink be, ami anyagi
veszteséghez és sziikségtelen kornyezeti terheléshez vezet. A nem megfeleld keveredés még
sulyosabb problémakat okozhat: a gyogyszeriparban példaul az egyenetlen keveredés
kiilonb6zé hatdéanyagtartalmat eredményezhet az egyes tablettdkban. Szemcsés anyagok
keveredésének vizualizaciojara tokéletesen alkalmas mddszer a nagyfelbontasu szamitogépes
tomografia (mikro-CT). A mikro-CT technika egy roncsolasmentes anyagvizsgalati mddszer,
amely az anyagok kiilonb6zé mértékli rontgenelnyelésén alapul. A mérések sordn egy
forgathatd mintatartéra helyezziik a mintankat ¢és azt meghatarozott 1épéskdzzel
korbeforgatva tobb szaz, vagy akar tobb ezer rontgenképet készitiink rola. Az igy kapott
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képek szamitogépes rekonstrukcidjaval visszanyerhetd az eredeti objektum 3D felépitése. A
modszer roncsolasmentes mivolta lehetdvé teszi, hogy egy adott mintat kiilonbozo
allapotokban is megvizsgaljunk, igy példaul 1épésrdl lépésre nyomon kdvethetjiik a keverés
folyamatat. A keverés hatékonysaganak jellemzésére alkalmas az ugynevezett lakunaritas,
amely egy rendszer homogenitdsat irja le. A lakunaritdas gorbék Osszehasonlitdsaval
meghatarozhatjuk az adott rendszerben elérhetd leghomogénebb allapotot. A kisérleteink
soran kétkomponensii rendszeren vizsgaltuk a keveréedény méretének hatasat a keveredésre
¢s megallapitottuk, hogy nagyobb térfogat hatékonyabbnak bizonyult. Meghataroztuk
emellett a leghomogénebb 4allapot eléréshez sziikséges keverésszamot. A kisérleti
eredmények kiegészitéseként szamitogépes szimulaciokat is végeztiink a diszkrét elemes
modszert (DEM) alkalmazva, és meghataroztuk a kisérleti rendszer eltéréseit az idealis
allapottol.
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Keverés hatasa a lakunaritisra két komponensii szemcsés rendszerben: mikro-CT felvételek (balra) és a hozzajuk tartozo
lakunaritas gorbék (jobbra)

Characterization of mixing of granular materials via micro-CT technique and

DEM simulations

Livia Vasarhelyi ', Daniel Sebdk ', Imre Szenti ', Akos Kukovecz 1, Zoltan Kénya **

! University of Szeged, Interdisciplinary Excellence Centre, Department of Applied and Environmental Chemistry, H-6720),
Rerrich Béla tér 1, Szeged, Hungary,, * MTA-SZTE Reaction Kinetics and Surface Chemistry Research Group, University of
Szeged, H-6720 Szeged, Rerrich Béla tér 1, Szeged, Hungary
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Although mixing is a fundamental operation in every industry from chemical to food and
construction, we tend to forget about its significance, even though the determination of the
efficiency of mixing is of vital importance. Overmixing after achieving the homogeneous
state leads to unnecessary energy consumption and thus additional environmental impact.
Undermixing can cause even greater problems: for example, in the pharmaceutical industry
uneven mixing can lead to varied amount of active ingredient in each tablet. The mixing of
granular materials can be visualized by high-resolution computed tomography (micro-CT).
Micro-CT is a non-destructive imaging technique based on the different X-ray attenuation of
materials. During the measurements, the samples are placed on a rotating sample holder and
in each step X-ray images are taken. The obtained hundreds or even thousands of images can
be reconstructed by computer and the original 3D structure of the samples can be recovered.
The non-destructive nature of the technique enables the investigation of the same system in
various states, for example, the mixing process can be followed step by step. To quantify the
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efficiency of mixing the so-called lacunarity can be used, which describes the homogeneity of
structures. By comparing the lacunarity curves the most homogeneous state obtainable in
each system can be determined. During our investigation we examined the effect of container
size on the efficiency of mixing in a two-component system, and we found that with
increasing volume the mixing efficiency increased. The number of the required mixing steps
to obtain the most homogeneous state was also determined. To complement the experimental
data simulations were also conducted using the discrete element method (DEM) and the
differences between the theoretical and experimental systems were investigated.

1,2

0,8
0,6

0,4 5
\\ =10

0,2

Ln(A)

0 2 4 6
Ln(box size)

The effect of mixing on the lacunarity in a two-component granular system: micro-CT images (left) and their lacunarity curves
(right)

A kozponti idegrendszer gyulladasos allapotanak meghatarozasa
fraktalgeometriai paraméterek alapjan torténé mikroglia sejtprofil
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! Biofizikai Intézet, Szegedi Biologiai Kutatokozpont, E6tvés Lordnd Kutatohalozat, Temesvari krt. 62., Szeged,
Magyarorszag, * Elméleti Orvostudomdanyok Doktori Iskola, Szegedi Tudomanyegyetem, Szeged, Magyarorszag, *
Neurologiai Klinika, Szegedi Tudomanyegyetem, Szeged, Magyarorszag

polgar.tamas@brc.hu

A kozponti idegrendszer rezidens immunsejtjei, a mikroglidk szdmos eltérd fenotipussal
rendelkeznek, ami informaciot adhat a pillanatnyi, degeneraciot vagy épp regeneraciot
eldsegitd allapotukrol. Kutatdsunkban mikroglia sejtprofilokat vizsgéaltunk akut idegi
sériiléses egérmodellen, hogy megvizsgaljuk a diazoxid (DZX), egy antiepileptikus és
antihipertonias hatasu szer esetleges neuroprotektiv hatasat. Az akut inzultust és a kezelést
kovetden egyedi sejtprofilokat szegmentaltunk a lumbalis gerincvel6i mintakrol késziilt
fénymikroszopos képekrdl fraktdlgeometria alapi morfologiai mérések céljabol. E
vizsgalatokkal meghatarozhatd a nyugvo és az aktivalt mikroglidk aranya a fotostabil ionizalt
kalctum-kotd fehérje 1 immunhisztokémiat kovetden, mivel e sejtek fenotipusos elvaltozasa
informaciot ad a kdrnyezetiik gyulladasos allapotar6l. Néhany kivalasztott fraktalparaméter
segitségével szerettiik volna megnézni, hogy csak morfologiai jellemzdik alapjan,
automatizalt moddszerrel csoportosithatdak-e az eltérd aktivacids allapoti mikroglidk. A
normalizalt adatbazist k-kozép alapu Farthest First algoritmussal dolgoztuk fel. A 1ézionalt,
de DZX kezelésben nem részesiilt és a sériilt vivoanyag-kontroll mintdkbol szarmazd
sejtprofilok nagy része egy amodboidabb, akitvalt morfologiat mutatott. Az egészséges €s a
sériilés utan-, valamint a sériilést megel6zden és utana is DZX-kezelt allatokbol szarmazo
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mintdk profiljai egy eltérd klaszterbe rendezddtek, ami morfoldgiailag a nyugvd mikroglia
sejtek jellemzd fenotipusat mutatta. Eredményeink alatdmasztottdk, hogy a morfometriai
paraméterek Onmagukban képesek elkiiloniteni a kiilonb6zé mikroglia fenotipusokat. E
megfigyelés lehetévé teszi, hogy a kozponti idegrendszerben végbemend pro- ¢és
antiinflammatorikus folyamatokrdl pusztan hisztologiai eszkozokkel informaciot szerezziink,
amire egy jo példit mutat a diazoxid mikroglia aktivitdst csokkentd hatasa, ami
megfigyelhetd volt a kezelés tipusatol fliggetleniil.
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Kvalitativ és kvantitativ morfologiai valtozasok mikroglia sejtprofilokon. Nyugvo fenotipust mutato profil mikroszképos és binarizalt
képe kis perinuklearis térrel és hosszabb, elagazo nyulvanyokkal kezeletlen teriiletrdl (4). Aktivalt morfologiat mutato sejtprofil
hipertrofias citoplazmaval (B). A kiilénbozé morfologiak aranyanak meghatarozasa kvantitativ mérést kévetd klaszteranalizis

klaszterbe keriilt. A kezelés nélkiili sériilt mintakbol szarmazo, B panelen bemutatott morfolégiahoz hasonlo profilok mindegyike a B
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klaszterbe keriilt. A DZX-kezelt mintakbdl szarmazo profilok 70%-a a nyugvo morfologiat mutato A klaszterbe keriilt, a kezelés
paradigmajatol fiiggetleniil. Scale bar-ok: 25 um.

Assessing the inflammatory state of the nervous system using

fractalgeometry-based microglia cell profile clustering
Tamas Ferenc Polgar 2, Bernat Nogradi > 3, Valéria Meszlényi - °, Roland Patai ', Krisztina Spisak * 2,
Rebeka Kristof ', Laszlo Siklés !
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Hungary, ? Theoretical Medicine Doctoral School, University of Szeged, Szeged, Hungary, * Department of Neurology,
University of Szeged, Szeged, Hungary

polgar.tamas@brc.hu

Microglia, resident immune cells of the central nervous system have numerous
morphologically different phenotypes that might give us information about their actual
destructive or regenerative role. Microglia profiles were examined after acute nerve injury to
measure the potential anti-inflammatory effect of an anti-hypertonic and anti-hypoglycemic
drug, diazoxide(DZX) in mice. Individual cell profiles of brightfield microscopic images
from the Ilumbar spinal cord samples were segmented for fractalgeometry-based
morphological analysis to determine the ratio of resting and activated microglial cells after
photostable immunostaining with ionized calcium-binding protein 1. Differentiation of the
phenotypic changes in microglial morphology might give us information about the
inflammatory state of the local milieu. For microglial profiling, selected fractal parameters
were retrieved and preprocessed for cluster analysis to examine their automated separation by
their activation state using their morphological features solely. K-means-based Farthest First
algorithm was performed on the normalized database. Most of the cell profiles from the
injured non-treated and injured vehicle control sections got into a different cluster than the
ones from the non-injured control and the prophylactically treated or the — combined —
prophylactically and postoperatively treated groups. Our results suggest that morphometric
parameters can differentiate microglial phenotypes which can be used to assess the magnitude
of pro- and anti-inflammatory changes in the nervous system. Furthermore, diazoxide
alleviated microglial activation regardless of the treatment paradigm.
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Qualitative and quantitative changes in microglial morphology. A ramified morphology of a single microglia cell with a small
perinuclear area and long and branching processes from the control side is shown as a microscopic image and in a binarized form
(4). Activated microglial morphology is represented by the bushy-like shape with hypertrophic cytoplasm (B). Quantitative
evaluation was conducted on microglia, then cluster analysis was used to determine the ratio of different morphology (C). 92.5% of
all microglia from the control sides were classified into cluster A, represented by the ramified morphology on panel A. All microglia
on the injured side without any treatment were sorted into cluster B, with characteristic bushy-like shape represented on panel B. In
the DMSO-treated group, 90% of all examined microglia classified into cluster B. Regardless of the DZX treatment paradigm, 70%
of the microglia on the injured side showed cluster A morphology, which represents the ramified-like phenotype. Scale bars: 25 um.
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AlCu mikrokombinatorikus vékonyrétegek mechanikai és szerkezeti

tulajdonsagainak osszefiiggései
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Az AlCu rendszerek kedvezd mechanikai tulajdonsdgainak és a benniik végbemend
szilardsagnoveld folyamatoknak kdszonhetéen a kiillonboz6 Al otvozetek gyakran vizsgalt
csaladjat képezik. Az iparban elterjedt tombi tarsaik mellett, az AlCu vékonyrétegeket
integralt aramkorok Osszekotoelemeként alkalmazzdk. A mikroelektronikai eszkdzok
méretének csokkenésével egyre nagyobb hangsuly helyezddik az egyes elemek mechanikai
ellenalloképességének kutatdsara és javitdsara. Az AlCu vékonyrétegek mechanikai ¢és
szerkezeti tulajdonsagait a mintdk mikrokombinatorikus eléallitasaval és TEM ill.
nanoindentacidos mérések segitségével hatékonyan tudtuk jellemezni a teljes AlxCul-x
(0<x<1) koncentraciotartomanyban. Mar alacsony 6tvozOkoncentracid (3-5 at% Cu) mellett
is jelentOs szilardsagnovekedés- és ezzel parhuzamosan - jelentds szemcseméretcsokkenés
volt megfigyelhet6 a mintdkban. A Cu 06tvoz6 koncentracidjanak tovabbi novelésével
(~40-60 at%) a kezdeti tiszta Al keménységének a ~10-szerese is elérhetd. Az eredményeink
a technoldgiai hasznositas lehetdsége mellett, a szilardsagnovel6 mechanizmusok
megértésére 1ranyu10 alapkutatasban is fontos szerepet Jatszanak
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Fent: AICu vékonyrétegrdl késziilt vilagos latoterti felvételek (0, 1, 50, 100 at% Cu otvozékoncentracio esetén) jol szemléltetik a
mikroszerkezet valtozasat az dsszetétel fiiggvényében. Lent: Az 6tvozékoncentracio fiiggvényében nanoindentdcioval meghatdrozott
Vickers keménységek, kiilonbézd nyomoerdk esetén.
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Correlations between structural and mechanical properties of AICu

microcombinatorial thin films
Daniel Olasz ' 2, Gyorgy Safran ', Nguyen Quang Chinh *
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AlCu systems are a family of Al alloys that are frequently studied due to their favourable
mechanical properties and the strengthening mechanisms that they undergo. In addition to
their industrial bulk counterparts, AlCu thin films are used as interconnects in integrated
circuits. With the downsizing of microelectronic devices, there is an increasing demand for
research and improvement of the mechanical properties of these materials. The mechanical
and structural properties of AlCu thin films could be efficiently characterized over the whole
concentration range of AlxCul-x (0<x<1) by microcombinatorial preparation of samples and
TEM and nanoindentation measurements. Even at low alloying concentrations (3-5 at% Cu),
a significant increase in strength - and in parallel - a significant decrease in grain size was
observed in the samples. By further increasing the alloying concentration of Cu (~40-60
at%), the initial pure Al hardness could be increased by a factor of ~10. In addition to the
potential for technological exploitation, our results are also important for basic research
aimed at understandlng the strengthening mechamsms
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Above: bright field images of AICu thin films (0, 1, 50, 100 at% Cu alloy) show the change of microstructure as a function of
composition. Bottom: Vickers hardness values determined by nanoindentation as a function of alloying concentration for different
indentation forces.
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A Schwann sejtek kalcium homeosztazisanak elektronmikroszkopos

vizsgalata iiléideg axotomiat kovetdo Waller-féle neurodegeneracioban
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Patai Roland '
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Szeged
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A Waller-féle degeneracié patobiologiai lefolydsa mar jol ismert motoneuronokban, azonban
az, hogy milyen folyamatok zajlanak le akut idegsériilést kdvetéen a kornyezé Schwann
sejtekben mar kevésbé ismert. Neurodegeneracio soran a legkorabbi patologiai eltérések kozé
tartozik a mitokondriumokban megfigyelhetd strukturalis valtozasok, illetve a kalcium
szintben torténd emelkedés. Célunk az volt, hogy meghatarozzuk a proximalis és disztalis
Schwann sejtek kalcium homeosztazisaban fellépo tér- és idobeli valtozasokat, ugyanis ezen
sejttipusok bizonyitottan szerepet jatszanak mind a neurodegeneracioban, mind az azt kovetd
regeneraciés mechanizmusban. Kisérletiink soran egyoldali iildideg axotdémiat végeztiink
Balb/c (n=4) egerekben. 12- és 24 ora elteltével mind az iil6- mind a sériiléstdl még
disztalisabb elhelyezkedésli sipcsonti idegen kalcium specifikus fixalalasi technikat
alkalmaztunk. A mitetlen oldalt minden esetben belsd kontrollként hasznaltuk.
Elektronmikroszképos ultrastrukturalis vizsgalatok soran emelkedést tapasztaltunk a
kalciumot reprezentdld elektrondenz depozitumok mennyiségében mar 12 Oras talélést
kovetéen is mind a sipcsonti mind az iléidegben. Ez az emelkedés csak még
karakterisztikusabba valt 24 ora elteltével mindkét vizsgalt régioban. Azon feliil degenerativ
elvaltozasokat tapasztaltunk a Schwann sejtek mitokondriumainak finomszerkezetében.
Kovetkezésképpen a Schwann sejtekben is hasonld funkcionalis és morfologiai degeneracios
utvonalak indultak el csak gy, mint a motoneuronokban. Mivel mar az altalunk vizsgalt
legkorabbi idOpontban is jelentds kalciumszint-emelkedést mutattunk ki, igy a jovében
szeretnénk megvizsgalni ezen valtozasokat még rovidebb tulélési idejli kisérleti csoportok
bevezetésével, hogy a Schwann-sejtekben végbemend elvaltozasok legkorabbi idépontjat is
meg tudjuk hatdrozni, ami a Waller-féle degeneracié kezdeti — akar sejtautonom —
eseményeinek megértéséhet vezethet.




Elektronmikroszkopos felvételek a Schwann sejtek citoplazmdjarol az axotomizalt periférias oldal proximalisabb (B: 12 éras tilélés;
C: 24 oras tulélés) és disztalisabb (E: 12 oras tulélés; F: 24 ords tulélés) régiojabil, illetve a megfelelé anatomiai régié miitetlen
oldalarol (A: proximalis, D: disztalis). A képeken jol megfigyelheté a kalcium piroantimondt tartalmi EDD-k (nyil) mennyiségének
megemelkedése, ami mar 12 orat kévetden is lathato mutatnak a kontrollokhoz képest (A és D), bar a proximalisabb oldalon kevésbé
kifejezettebb (B). 24 ora elteltével azonban mindkét anatomiai régioban jelentds kalciumszint emelkedés lathato a Schwann sejtek
citoplazmaban. gol: Golgi komplex; mit: mitokondrium. Lépték: 200 nm

Electron microscopic evaluation of the changes in the calcium homeostasis of

Schwann cells in a mouse model of Wallerian degeneration
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Roland Patai !
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Hungary
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The pathological hallmarks of Wallerian degeneration are well-known in motor neurons,
however the degenerative mechanisms in the peripheral Schwann cells after axonal lesion are
poorly understood. Structural alterations in the mitochondria — in accordance with the
elevation of calcium level — are considered one of the earliest pathological events during
neuronal degeneration. Our aim was to determine the spatiotemporal changes in the calcium
homeostasis in the proximal and distal Schwann cells which glial elements are now
considered an important player in neuroregeneration. To answer these questions Balb/c mice
(n=4 in each group) were challenged with unilateral sciatic nerve axotomy and were
sacrificed postsurgery, after 12 or 24 hours. The sciatic nerve after the cut site and the distal
tibial nerve were fixed with a calcium-specific method. The uninjured side was used as an
internal control. Ultrastructural changes in the mitochondrial morphology and elevation in the
number of the calcium-containing electron-dense deposits were qualitatively analyzed with
electron microscopy. Afterward, the calcium precipitates were quantified using stereological
analysis. Elevated calcium levels and mitochondrial degeneration were visible in the tibial
nerve after 12 hours of surgery. Calcium increase in the tibial nerve became more prominent
after 24 hours of the surgery compared to the earlier timepoint. Furthermore, a significant
elevation of the calcium level in the sciatic nerve was also noticed. Our results showed that
ultrastructural signs of mitochondrial degeneration in Schwann cells precede classical
morphological events of Wallerian degeneration. The intracellular calcium level was elevated
in these cells 12 hours after acute injury which indicates similar morphological and functional
pathways of degeneration as in the neurons. In the future, we would like to determine the
initiation phase of the changes in calcium homeostasis by introducing more groups with
decreased survival time.
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Electron microscopic images of the cytoplasm of Schwann cells near the cut site (B: 12-hour survival; C: 24-hour survival) and
from the more distal (E: 12-hour survival; F: 24-hour survival) regions of the axotomized peripheral nerve. For controls, the
non-injured sides of the corresponding anatomical region (A: proximal; D: distal) were used. An increased amount of calcium
pyroantimonate-containing electron-dense deposits (arrow) can be observed after 12 hours of survival compared to the controls (A
and D), although calcium elevation is less pronounced near the cut site (B). After 24 hours a significant increase in calcium levels
in the cytoplasm of Schwann cells was noted in both anatomical regions. gol: Golgi complex; mit: mitochondria. Scale: 200 nm

Cu-Mn szilard oldat rétegek mikroszerkezetének és morfologiajanak

kombinatorikus feltérképezése
Hajagos-Nagy Klara !, Misjak Fanni ', Radnéczi Gyorgy '

! Energiatudomanyi Kutatokozpont

nagy.klara@ek-cer.hu

Az integralt aramkorok fejlesztésénél az egyre kisebb méretekre torekvés komoly kihivast
jelent az ipari technoldgidk szdmara. A méretcsOkkentés felerdsiti szdmos diffuzioval
kapcsolatos probléma hatasat (pl. elektromigracié) és néhdny korabban jol miikodd
diffuziogatld megoldas (pl. TaN diffazids barrier) nem integralhat6 az 0j technologiakban. A
vezetékezések kialakitdsanal megoldasként onszervez6dd folyamatok hasznéalata meriilt fel,
ennek soran a diffuzidgatlo réteg a vezeték anyagabol, egy Cu 6tvozetbdl keriilne kialakitasra
a Cu/ dielektrikum hatarfeliileten hékezelés vagy kémiai reakcid hatasara. A Cu-Mn 6tvozet
igéretes jelolt szamos, a vezetékezésnél felmeriild diffuziogatld alkalmazasra [1]. A Cu-Mn
vékonyréteg-rendszer feltérképezése segitséget nyujthat az optimalis technologiai
paraméterek megtalalasdban. Kordbbi munkdnkban harom egyfazisu tartomanyt
azonositottunk szobahémérsékleten a rendszerben: fcc Cu(Mn) szilard oldatot, amorf Cu-Mn
otvozetet €s a-Mn(Cu) szilard oldatot. Kozottiik kétfazisu tartomanyok taldlhatok, ahol egy
amorf szemcsehatar-menti réteg boritja a szilard oldat szemcséket [2]. A Cu-Mn rétegek
sikeres integraciojahoz részletesebben ismerniink kell a mikroszerkezet €s morfologia
valtozasat az egyes fazistartomanyokon beliil. Ebben hatékony segitséget nyujt a
kombinatorikus mintakészités, ahol az egyik novesztési paraméter folytonosan valtozik a
mintdn a tavolsdg fliggvényében. 50 nm vastag Cu-Mn kombinatorikus rétegeket
novesztettink DC magnetron porlasztdssal amorf szénhatydk feliiletére Safran
mikro-kombinatorikus modszerét [3] hasznélva. Az Gsszetétel linearisan valtozott 0-100 at%
Mn tartomanyban. A rétegek mikroszerkezetét a Philips CM-20 transzmisszios
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elektronmikroszkoppal vizsgéaltuk vildgos- €s sotét latoterti leképezéssel €s hatarolt tertileti
elektrondiffrakcios vizsgalatokkal. Az Osszetételt EDS méréssel ellendriztiik. A diffrakcios
képeket a Process Diffraction program [4] segitségével értékeltiik ki. Ebben a munkéban a
szilard oldatokat tartalmazd fazistartomanyokat jellemezziik. Az 1. dbra a morfologia
valtozasat mutatja be a Mn tartalom fiiggvényében az fcc Cu(Mn) szilard oldatot (a) és az
a-Mn(Cu) szilard oldatot (b) tartalmazd rétegekben. Az fcc Cu(Mn) szilard oldat
szemcsemérete bimodalis jelleget mutat, 10-50 nm-rél 5-10 nm-re csdkkent a Mn tartalom
0-35 at%-ra valtozasaval. Az a-Mn(Cu) szildrd oldat szemcsemérete egységesebb, 10-20
nm-16l 5-10 nm-re csokken a tiszta Mn-t6l 70 at% Mn tartalomig. A diffrakcios képek belsd
standarddal (MnQO) torténd kalibralasa lehetové tette, hogy meghatarozzuk az a-Mn(Cu)
szilard oldat Osszetétele és racsparamétere kozti Osszefiiggést. A racsparaméter a Cu
tartalommal linedrisan ndvekszik: a(a-Mn(Cu))=a(a-Mn)+c(Cu)-1,046 (A-ben), ahol az
a(a-Mn)=8,912 A és ¢(Cu) a Cu tartalom at%-ban. 1 J. Gambino, Process Technology for
Copper Interconnects (Elsevier Inc., 2018). 2 F. Misjak, K.H. Nagy, P. Lobotka, and G.
Radnoczi, J. Appl. Phys. 116, (2014). 3 G. Safran, Ultramicroscopy 187, 50 (2018). 4 J.L.
Labar, Microsc. Microanal. 15, 20 (2008).
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1. abra. Az fec Cu(Mn) (a) és az alpha-Mn(Cu) (b) szildard oldat rétegek morfolégiajanak valtozdsa a Mn tartalom fiiggvényében
vilagos latoterii TEM képeken.
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Kliara Hajagos-Nagy ', Fanni Misjak ', Gyorgy Radnéczi !

! Centre for Energy Research

nagy.klara@ek-cer.hu

The scaling down of advanced semiconductor devices is a serious challenge for industrial
technologies. Size reduction amplifies the effects of various diffusion related problems (e.g.
electromigration) and some previously well-functioning solutions (e.g. TaN diffusion
barriers) cannot be integrated in the new technologies. In interconnect design the use of
self-organized processes has emerged as a solution, which involves the formation of a
diffusion barrier from the interconnect material i.e. an alloyed Cu layer at the Cu/dielectric
interface as a result of annealing or chemical reaction. The Cu-Mn alloy is a promising
candidate for a number of diffusion barrier applications needed for Cu interconnects [1].
Mapping the Cu-Mn thin film system may help in the search for optimal technological
parameters. Previously, we found three one-phase regions in the system at room temperature:
fcc Cu(Mn) solid solution, amorphous Cu-Mn alloy and a-Mn(Cu) solid solution. Between
these intervals two phase regions exist, where an amorphous grain boundary layer covers the
solid solution grains [2]. For the successful application of Cu-Mn films the changes of
microstructure and morphology within the phase regions has to be known in more detail. This
can be effectively investigated using combinatorial samples, where one of the growth
parameters changes continuously as a function of distance on the sample. 50 nm thick Cu-Mn
combinatorial films were grown by DC magnetron sputtering on amorphous carbon foils
using Safran’s micro-combinatorial method [3]. The composition changed linearly between
0-100 at% Mn. The microstructure of the films was investigated in a Philips CM-20
transmission electron microscope by light and dark field imaging and selected area
electroniffraction. The composition was verified by EDS measurement. Diffraction patterns
were evaluated using the Process Diffraction program [4]. In this work, we characterize the
phase ranges containing solid solutions. Fig. 1 shows the changes in morphology of the films
containing fcc Cu(Mn) solid solution (a) and a-Mn(Cu) solid solution (b) as a function of Mn
content. The grain size of the fcc Cu(Mn) solid solution is bimodal, it decreases from 10-50
nm to 5-10 nm in the 0-35 at% Mn content interval. The a-Mn(Cu) solid solution has a more
uniform grain size, it decreases from 10-20 nm to 5-10 nm from pure Mn to 70 at% Mn
content. Calibrating the diffraction patterns by an internal standard (MnO) allowed us to
determine the correlation between the composition and lattice parameter of the a-Mn(Cu)
solid solution. The Ilattice parameter increases linearly with Cu content:
a(a-Mn(Cu))=a(a-Mn)+c(Cu)-1,046 (in A), where a(a-Mn)=8,912 A and c(Cu) is the Cu
concentration in at%. 1 J. Gambino, Process Technology for Copper Interconnects (Elsevier
Inc., 2018). 2 F. Misjak, K.H. Nagy, P. Lobotka, and G. Radndczi, J. Appl. Phys. 116, (2014).
3 G. Séfran, Ultramicroscopy 187, 50 (2018). 4 J.L. Labar, Microsc. Microanal. 15, 20
(2008).
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Fig. 1. Changes in the morphology of the fcc Cu(Mn) (a) and the alpha-Mn(Cu) (b) solid solution films as the function of Mn
content on bright field TEM images.
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Napjainkban egyre nagyobb problémat jelent a talaj magas sotartalma, melyet a legtobb
novény nem képes tolerdlni. A soOstressz komoly hatast gyakorol a mezdgazdasagi
gyakorlatban a foldben koriilbeliil 5-10 cm mélyre {iltetett magokra is, melyek aztan fénytdl
elzartan novekednek a talajban csirdzasuk utdn. Ezekre a ndvényekre sargas szin jellemzd,
ami annak koszonhetd, hogy fény hidnyaban nem zajlik le rendesen a klorofill bioszintézis,
ezaltal annak az el@anyaga a protoklorofillid halmozodik fel az erre az allapotra jellemzd
plasztisz tipusban, az etioplasztiszban. Ahogy a novény eléri a talajfelszint és fény éri,
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befejezddik a klorofill szintézis, beindul a fotoszintézis ¢és az etioplasztiszokbol
kloroplasztiszok lesznek. Ezt a folyamatot viszont erdsen befolyasolhatja a talaj sotartama.
Munkank célja az volt, hogy beazonositsuk, mely ionok rendelkeznek a legerdsebb hatdssal a
novények zoldiilésére sostressz soran. Ebbol kifolyolag munkank soran kiilonbozo
koncentracioji sooldatokat (300 mM NaCl, 300 mM KCI, 600 mM NaCl, 600 mM
Na-aszkorbat, 600 mM NaNO3, 600 mM KNO3, 600 mM KCI, 300 mM CaCl2, 600 mM
NHA4CI, illetve 600 mM NaCl:KCI — 1:1 oldat) hasznaltunksotétben nevelt Martonvasaron
nemesitett Béres buzafajtan (Triticum aestivum L. Mv. Béres). A novények 2-cm-es
levéldarabjait 8-10 nap utadn 1,5 6rdig séoldaton usztattuk sotétben, majd 16 oran keresztiil
zolditettiik alacsony fényintenzitdson (50 pE). Ezutan megvizsgaltuk, hogy rendben
lezajlott-e az etioplasztisz-kloroplasztisz atalakulds, lezajlott-e a klorofill bioszintézis,
kiépiiltek-e a fotoszintetikus apparatusra jellemzd klorofill-protein komplexek. Magasabb
sokoncentracié mellett (600 mM NaCl, 600 mM Na-aszkorbat, 600 mM NaNO3, 600 mM
NHA4CI) egy 680 nm fluoreszcencia emisszids maximum észlelhetd, ami késleltetett vagy
gatolt klorofill szintézisre utal. Ezeken az oldatokon, és kiilonosen a Na ionok jelenlétében az
etioplasztisz-kloroplasztisz 4atalakulas nem ment végbe és a protilakoidok jellegzetes
duzzadasa figyelhetd meg. Ezekbdl kifolyolag a fotoszintetikus apparatus nem épiil ki, ebbdl
adodoan fotoszintetikus aktivitdst sem észlelhetiink. Néhany kezelés esetén (300 mM NaCl,
600 mM KCI vagy 300 mMCaCl2, 600 mM KNO3) enyhe zdldiilés figyelheté meg, beindul
a klorofill bioszintézise, zold levelekre jellemzd pigmentprotein komplexek is kiépiilnek.
Ezek a folyamatok a kontrollnal lassabban mennek végbe, valamint egy koztes allapotot
figyelhetink meg a plasztisz atalakulast illetden, Un. etio-kloroplasztiszokat lathatunk,
melyekben mar rendes szerkezetli granumokat lathatunk, de az etioplasztiszokra jellemzo
prolamellaris test maradvanyok is fellelhetéek még. Eddigi eredményeink alapjan
elmondhat6, hogy a Na+ ion gyakorolja a legnagyobb hatdst a ndvényekre ¢és azok
szintestjeire magas koncentracioban (600 mM), mig a tobbi ion (K+ és C kisebb gatld
hatassal birnak, és a KCl or CaCl2 akar természetbarat Utszord soként is hasznalhato. A
munkat az OTKA FK124748-as palyazata tamogatta.
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16 oran keresztiil zolditett buzalevélb6l szarmazo plasztiszok kiilonbozo kezelések mellett: (A) Hoagland oldat, (B) 300 mM NaCl
oldat, (C) 600 mM NaCl oldat.
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High soil salinity is an important problem these days that most the plants cannot tolerate. Salt
stress has a serious effect on seeds planted in the ground at a depth of about 5-10 cm during
agricultural cultivation and which first develop in the dark after germination. These plants
have a yellowish color because without light chlorophyll biosynthesis is inhibited and the
chlorophyll precursor named protochlorophyllide accumulates in their peculiar plastids called
etioplast. As the plant reaches the soil surface at gets exposed to light, chlorophyll synthesis
is completed, photosynthesis starts and etioplasts are transformed to chloroplasts. However,
this process can be strongly influenced by the salinity of the soil. Our work aimed to identify
which ions have the strongest effect on the greening of plants during salt stress. Therefore,
we used different concentrations of salt solutions (300 mM NaCl, 300 mM KCI, 600 mM
NaCl, 600 mM Na-ascorbate, 600 mM NaNO3, 600 mM KNO3, 600 mM KCI, 300 mM
CaCl2, 600 mM NHA4CI, and 600 mM NaCl:KCIl — 1:1). We used the Béres wheat (Triticum
aestivum L. Mv. Béres) cultivar bred in Martonvasar and germinated in the dark. After 8-10
days we floated 2-cm-long leaf segments in different salt solutions for 1,5 hours in the dark,
and then greened them for 16 hours using continuous low light (50 uE). We then checked
whether the etioplast-chloroplast transformation and the chlorophyll biosynthesis proceeded
properly in them and we examined whether the chlorophyll-protein complexes characteristic
of the photosynthetic apparatus were formed. At higher salt concentrations (600 mM NacCl,
600 mM Na-ascorbate, 600 mM NaNO3, 600 mM NH4Cl), a band with 680 nm fluorescence
emission maximum was detected, indicated delayed or inhibited greening.
Etioplast-chloroplast transformation does not occur in these solutions (especially in the
presence of Na ions) and characteristic swelling of prothylakoids is observed. As a result, the
photosynthetic apparatus is not assembled, and therefore no photosynthetic activity can be
detected. In some treatments (300 mM NaCl, 300 mM KCI, 600 mM KCI or 300 mM CaCl2,
600 mM KNO3) a slight greening is observed, chlorophyll biosynthesis is initiated, and
pigment-protein complexes characteristic for green leaves appear. These processes take place
more slowly than in the control. In addition, an intermediate plastid developmental stage —
i.e. etio-chloroplasts — can be observed. Etio-chloroplasts contain simultaneously regular
grana and prolamellar bodies characteristic for etioplasts. Based on our results we can
conclude that the Na+ ion has the greatest effect on plants and their plastids at high
concentrations (600 mM), while the other ions (K+ and C have lower inhibitory effects, and
for instance KCI or CaCl2 may be considered as environment-friendly salt melting agents on
public roads. This work has been supported by OTKA FK 124748 grant.
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Plastids from wheat leaves greened 16 h for in the presence of (A) Hoagland solution (controll), (B) of 300 mM NaCl, and (C) of
600 mM NaCl.
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Brillouin imaging can extract viscoelastic properties with micron-level resolution in a
label-free, non-invasive way. The conventional bulk-optics based Brillouin system has
already been applied to various biological samples. While the utility of Brillouin imaging has
been demonstrated, the intrinsically weak scattering process means that recent work in
instrumentation has aimed to maximise the efficiency of existing technology, as well as
making it more compact and portable. For more systematic optimisation strategies, the
theoretical parameters to evaluate the performance of arbitrary Brillouin spectrometers have
been proposed for the first time. This enables the optimisation of Brillouin systems in
general. In this talk I present the latest developments in Brillouin instrumentation. This also
includes software-based reconstruction techniques to enhance the SNR of the system. These
methods are more attractive for their wider applicability and have been found to be capable of
extracting useful Brillouin shift value with low SNR in simulation and experiment. One
application of Brillouin imaging in particular - the in vivo assessment of arterial stiffness, i.e.
Brillouin Endoscopy, is seen to have much potential as a diagnosis tool for cardiovascular
diseases, despite some challenges. We thus present recent effort on the optimisation and
miniaturisation of the existing technology into a flexible, fibre-based device has provided
some solutions. The main consideration for creating a fibre-based Brillouin system is the
strong background generated by the fibre. So far, a proof-of-concept device that does not
require filtering has been constructed and the measurements in typical liquids have been
achieved. Alternatively, a more efficient, single-path set-up is also discussed as it may yield
higher throughput. Recently, the meaning of Brillouin measurements and its correlation to
stiffness has been further investigated. It has been shown that the influence of water content
in the mechanical behavior of hydrated samples may dominate the Brillouin shift value. The
addition of a Raman mode to measure this relative change in hydration may help to yield
more accurate mechanical measurements. The correlative study of hydrogels was thus
demonstrated as to show that inelastic spectroscopy in tandem is viable. Finally, to maximise
the information from the hyperspectral data that is obtained from Brillouin imaging, the
power of some multivariate analysis algorithms is discussed as alternatives for future work,
the application in live cell imaging is highlighted.
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Short-period superlattices (SLs) of ultra-thin InGaN/GaN quantum wells are considered as
key elements of active regions in devices operating across the optical spectrum, by tuning the
indium content. High Indium content and monolayer (ML) scale thickness QWs are required
to form digital alloys with GaN, paving the way for bandgap engineering and for exploring
topological insulator behavior. Multi-QW (MQW) heterostructures were grown by
plasma-assisted molecular beam epitaxy (PAMBE) under metal-rich conditions varying the
growth temperatures of the QWs and GaN spacers. Cross-sectional HRTEM/HRSTEM
observations were performed along the [-1-120] and [1-100] zone axes. An integrated
framework of advanced HR(S)TEM methodologies combined with atomistic calculations
across the whole compositional range, allowed the quantitative determination of the indium
content in the InxGal-xN QWs either directly, through the atomic-scale quantification of
Z-contrast, or indirectly by strain measurements with sub-nanometer spatial resolution [1].
Our analysis has shown that record-high indium contents near 50% can be achieved in 1
ML-thick quasi-2D QWs grown under metal-rich growth conditions above the InN
decomposition limit and confirmed by photoluminescence measurements. Below this limit, 2
ML QWs with lower indium content were obtained. A growth model has been proposed
based on substitutional synthesis taking place through the formation of an In/Ga metallic
adlayer. Band gap calculations show that the gap is reduced with the increase on Indium
content in the monolayer. References [1] I. G. Vasileiadis, L. Lymperakis, A. Adikimenakis,
A. Gkotinakos, V. Devulapalli, C. H. Liebscher, M. Androulidaki, R. Hiibner, Th. Karakostas,
A. Georgakilas, Ph. Komninou, E. Dimakis and G. P. Dimitrakopulos, Sci. Rep., 11, 20606
(2021) Acknowledgments: Work supported by the IKY-DAAD project “ULTIMAT”. 1.G.V.
acknowledges support by IKY project “Strengthening Human Resources Research Potential
via Doctorate Research” (MIS-5000432). A.A./A.G./Ph.K./G.P.D. acknowledge support by
project “INNOVATION-EL” (MIS 5002772) funded by the Operational Programme
"Competitiveness, Entrepreneurship and Innovation" (NSRF 2014-2020), co-financed by
Greece and the EU (European Regional Development Fund). Results in this work had been
produced using the Aristotle University of Thessaloniki (AUTh) High Performance
Computing Infrastructure and Resources.
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Short-period superlattices (SLs) of ultra-thin InGaN/GaN quantum wells are considered as
key elements of active regions in devices operating across the optical spectrum, by tuning the
indium content. High Indium content and monolayer (ML) scale thickness QWs are required
to form digital alloys with GaN, paving the way for bandgap engineering and for exploring
topological insulator behavior. Multi-QW (MQW) heterostructures were grown by
plasma-assisted molecular beam epitaxy (PAMBE) under metal-rich conditions varying the
growth temperatures of the QWs and GaN spacers. Cross-sectional HRTEM/HRSTEM
observations were performed along the [-1-120] and [1-100] zone axes. An integrated
framework of advanced HR(S)TEM methodologies combined with atomistic calculations
across the whole compositional range, allowed the quantitative determination of the indium
content in the InxGal-xN QWs either directly, through the atomic-scale quantification of
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Z-contrast, or indirectly by strain measurements with sub-nanometer spatial resolution [1].
Our analysis has shown that record-high indium contents near 50% can be achieved in 1
ML-thick quasi-2D QWs grown under metal-rich growth conditions above the InN
decomposition limit and confirmed by photoluminescence measurements. Below this limit, 2
ML QWs with lower indium content were obtained. A growth model has been proposed
based on substitutional synthesis taking place through the formation of an In/Ga metallic
adlayer. Band gap calculations show that the gap is reduced with the increase on Indium
content in the monolayer. References [1] I. G. Vasileiadis, L. Lymperakis, A. Adikimenakis,
A. Gkotinakos, V. Devulapalli, C. H. Liebscher, M. Androulidaki, R. Hiibner, Th. Karakostas,
A. Georgakilas, Ph. Komninou, E. Dimakis and G. P. Dimitrakopulos, Sci. Rep., 11, 20606
(2021) Acknowledgments: Work supported by the IKY-DAAD project “ULTIMAT”. 1.G.V.
acknowledges support by IKY project “Strengthening Human Resources Research Potential
via Doctorate Research” (MIS-5000432). A.A./A.G./Ph.K./G.P.D. acknowledge support by
project “INNOVATION-EL” (MIS 5002772) funded by the Operational Programme
"Competitiveness, Entrepreneurship and Innovation" (NSRF 2014-2020), co-financed by
Greece and the EU (European Regional Development Fund). Results in this work had been
produced using the Aristotle University of Thessaloniki (AUTh) High Performance
Computing Infrastructure and Resources.
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Quantitative Phase Imaging (QPI) is an emerging field of label-free light microscopy
methods. It contrast to the well-know phase contrast method it can provide quantitative
information about the phase shift caused by the sample and hence can be used not only to
establish contrast but also for characterization of material properties. Over the past couple of
years various implementations of QPI has been introduced. In my talk I focusing on the one
that is probably the best suited to investigate 3D samples - holotomography. Recently our
platform has acquired such a system and I am reporting about our first experiences and
further plans.
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A Balaton iiledéke a mikroorganizmusok tapanyagainak fontos raktara. Az liledékben téarolt
foszfor bizonyos koriilmények kozott mobilizalddik, ami algavirdgzashoz vezethet, amint ezt
a 2019 augusztus-szeptemberében bekdvetkezett extrém esemény is mutatta. Mivel az liledék
asvanyainak jelentds része — koztiik az uralkodé karbonatasvanyok — a vizbdl valnak ki, majd
fazisatalakulasokon mennek at, és akar vissza is oldodhatnak, az asvanyok, tapanyagok ¢€s
mikroorganizmusok kozotti kapcsolatok dinamikusak és bonyolultak. A karbonatasvanyok
képzodésének, tovabba az asvanyok €s mikroorganizmusok foszfordusulasainak jellemzése
¢rdekében (i) egy kisebb algaviragzas idején, 2020 nyaran vett vizminta
lebegbanyag-tartalmat vizsgaltuk, és (ii) laboratoriumi asvanykivalasztasi kisérleteket
végeztiink. A természetes ¢és laboratoriumi anyagokat TEM modszerekkel vizsgaltuk. Az
algasejteken és kornyezetiikben amorf, Mg-tartalmu Ca-karbonat (Mg-ACC) gdmbocskék
fordultak eld (la. abra). Az algadk fotoszintézise révén hirtelen megemelkedett pH, ¢és az
ennek kovetkeztében fellépd nagy tualtelitettség eredményezhette a Mg-ACC kivalasat.
Hasonloan gyors reakciokban kisérleteinkben is Mg-ACC gombok képzddtek (1b. abra). A
maximalis algakoncentracié folott 60 cm-rel 1évd vizrétegbdl vett mintaban kristalyos
(aragonit vagy kalcit szerkezeti), orso alakti Ca-karbonat volt jellemz6 (1c. abra). Lassubb
titralasos kisérleteinkben hasonlo, orsé formaju aragonit képz6dott (1d. abra). Mig a Balaton
iiledékének tipikus karbonatdsvanya a Mg-kalcit (le. dbra), az algaviragzas kornyezetében
csak elvétve fordult eld ilyen szemcse. Kisérleteink azonban hasonlé Mg-kalcitot
eredményeztek, ha a kalcitképzddést katalizalo agyagéasvany (szmektit) is jelen volt az
oldatban (1f. abra). A parhuzamos tavi és laboratoriumi vizsgélatok eredményei a karbonatok
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kicsapddasanak ¢s atalakulasainak olyan sorozatit mutatjak, amely a metastabil fazisoktol a
stabil kalcit irdnyéba tart. Ismereteink szerint az iiledékben a foszfor elsésorban karbonat- és
vas-oxid-asvanyokhoz kotddik, azonban ezeken az dsvanyokon STEM-EDS térképezéssel
nem tudtunk kimutatni foszfordisuldst. Az algaviragzaskor megfigyelt kiilonféle
algafajokban azonban bdségesen eléfordultak polifoszfat zarvanyok. Tovabba olyan
P-Ca-Mg-gazdag szemcséket talaltunk a sejteken kiviil is, mind az algak kozelében, mind az
iiledékben, amelyeknek szerkezete az amorftdl a trikalciumfoszfatén keresztiil az apatitéig
valtozott. A sejten beliili és sejten kiviili P-gazdag szemcsék Osszetételének dsszehasonlitasa
felveti annak a lehetOségét, hogy a biogén polifoszfat fontos szerepet jatszik a tavi P
ciklusban. A kutatast az NKFIH 471-3/2021, SNN139585 ¢és K134559 szamu palyazata
tamogatta.

Lake Balaton

Lab. experiments

) ! i
200 nm ¢ ’\‘« A 500 nm

1. dbra. Kiilonbozo karbonadtformak a Balaton vizében, algaviragzaskor (felsé panelek), és laboratoriumi kisérletekben (also
panelek). (a) és (b) Mg-ACC gombok (STEM-EDS térkeép); (c) és (d) Mg-tartalmu aragonit orsok; (e) és (f) Mg-kalcit, melyhez
szmektit tapad. (a), (c), (e) és (f) STEM-EDS elemtérképek, (b) STEM HAADF felvétel, és (d) TEM BF kép.

Relationships between minerals and microorganisms in Lake Balaton
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The sediments of Lake Balaton represent an important reservoir of nutrients for microbial
life. Phosphorus stored in sediment minerals is remobilized under specific conditions. This
may lead to algal blooms, as demonstrated by an extreme event that took place in August and
September 2019. Since some of the sediment minerals, including the predominant carbonates,
precipitate from lakewater but are also prone to phase transitions and dissolution, the
relationships between minerals, nutrients and microorganisms are highly dynamic and
complex. In order to understand the processes of carbonate mineral precipitation and the
modes of P accumulation in/on minerals and microorganisms, (i) we studied suspended
material filtered from water samples taken during a minor algal bloom that occurred in the
summer of 2020, and (ii) performed laboratory mineral precipitation experiments. Both
natural and laboratory materials were studied using TEM techniques. Amorphous,
Mg-bearing Ca carbonate (Mg-ACC) spheres occurred in the vicinity of algal cells (Fig. 1a),
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suggesting that photosynthesis by algae resulted in a sudden pH shift, causing high
supersaturation and precipitation of Mg-ACC. Rapid reaction in lab experiments also
produced Mg-ACC spherules (Fig. 1b). In our natural sample taken from a water layer 60 cm
above the maximum algal density, spindle-shaped carbonate particles dominated that had
either aragonite or calcite structures (Fig. 1c). Slower titration experiments produced
spindle-shaped aragonite similar to the natural particles (Fig. 1d). Whereas the typical
carbonate mineral in the sediment of Lake Balaton is Mg-bearing calcite associated with
smectite clay (Fig. le), such particles were rare in the water sample taken from the bloom.
Nevertheless, titration experiments reproduced similar calcite particles when clay minerals
(known to catalyze calcite formation) were added to the solution (Fig. 1f). Thus, our parallel
observations in lake and lab reveal a sequence of carbonate precipitation and transformation
processes that lead from thermodynamically less stable forms to stable calcite. Phosphorus is
typically thought to be stored in carbonate and iron oxide minerals; however, we did not
detect carbonate- or iron-oxide-bound P in Lake Balaton using STEM-EDS mapping. Instead,
polyphosphate inclusions were abundant in various types of algae that were sampled in the
bloom. In addition, extracellular, P-Ca-Mg-rich particles were present both near algae and in
the sediment, with structures ranging from amorphous to those of tricalcium phosphate and
apatite. A comparison of the compositions of intra- and extracellular P-rich particles raises
the possibility of biogenic polyphosphate playing a major role in P cycling in the lake. This
study was supported by grants from the NKFIH (471-3/2021, SNN139585 and K134559).
Nl Ca W Ca .

Lake Balaton

Lab. experiments

Figure 1. Sequence of distinct forms of carbonates as precipitated from Lake Balaton (upper row of panels) and in laboratory
experiments (lower panels). (a) and (b) Mg-ACC spherules (STEM-EDS map), (c) and (d) Mg-bearing aragonite spindles; (e) and
(f) Mg-bearing calcite with associated clay flakes. (a), (c), (e) and (f) are STEM-EDS element maps, (b) is a STEM HAADF image,
and (d) is a TEM BF image.
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IDES kozelmultban tortént akvizicidjaval folytatddik a technoldgia fejlesztése transzmisszios
elektronmikroszkopjainkon. Az IDES (Integrated Dynamic Electron Solution) vezetd és
uttoérd az ultragyors és dinamikus transzmisszids elektronmikroszkopia teriiletén, amely az
impulzus lézerekre és a nagy sebességli elektrosztatikus sugarnyalab-kioltasi és -eltéritési
technikakra specializalodott. Az IDES termékei idéfelbontéast adnak a TEM kivételes térbeli
felbontasdhoz, lehetévé téve 1) alkalmazasokat és a mintdk dinamikajanak feltarasat
rendkiviil gyors idéskalan. Ime egy nem teljes lista a JEOL/IDES innovaciokrél: EDM Basic
(Electrostatic Dose Modulator) Az elektrosztatikus dozis-moduldtor (EDM) a minta elott
gyors sugarmegszakitidst lehetdvé tévo, elektronikdabol és szoftver vezérlobdl allo
elektrosztatikus deflektor. EDM segitségével a sugar kevesebb, mint 50 ns-ként kapcsolhato.
A 100 000-szeresére novelt sugarmegszakitasi sebesség a gyors expozicids idékkel készitett
adatok tisztasaganak azonnali javuldsat eredményezi. Az EDM segitségével csokkenthetd az
elektron-megvilagitas anélkiil, hogy befolyasolna a képalkotasi feltételeket, igy a TEM ¢és
STEM felhasznalok kivételesen szabadon szabalyozhatjdk a mintaik elektron-dézisat. A
legmodernebb elektronikai és szoftverbdvitmények olyan fejlett alkalmazasokat nyitnak meg,
mint példaul az idébeli dozisstrukturalas és a STEM szinkronizalas. Programozhat6 STEM
EDM Synchrony hasznalatdval A pixelekre esé elektron dozis szabalyozasa. Az
elektrosztatikus dozis-moduldtor (EDM) a minta el6tt gyors sugarmegszakitast lehetdéve tévo,
elektronikabdl és szoftver vezérlobdl allo elektrosztatikus deflektor. Az EDM segitségével
csokkenthetd az elektron megvilagitas anélkiil, hogy befolyasolné a képalkotasi feltételeket,
igy a TEM ¢és STEM felhasznalok kivételesen szabadon szabalyozhatjdk a mintaik
elektron-dozisat. A Synchrony opcidé az EDM iddzitési és szinkronizalasi képességeit a
kovetkez6 szintre emeli. STEM vezérldvel Synchrony képes koordinalni, nyomon kdvetni a
szonda nyalabjanak helyét, mikézben az atpasztizza a mintit. Az EDM villamgyors,
elektrosztatikus  kioltdisa minden pixelnél meghatarozott idére kapcsolja be az
elektronsugarat, vagy sziinetelteti, igy az ¢érzékeny teriileteket teljesen kizarva az
elektronsugartol. Luminary Micro Compact Specimen Photoexcitation System A Luminary
Micro egy kompakt minta foto-gerjesztd rendszer (CPXS) a JEOL TEM rendszerekhez.
Modulalt 1ézerbdl, kompakt optikai szallitorendszerbdl (LODS), bemeneti portbol és tiikorbol
all. Ezzel a kiegészitovel a felhasznalok in situ iranyithatjak és fokuszalhatjak a 1ézersugarat a
transzmisszios mintara. A Luminary Micro reakciok és dinamikus folyamatok széles skaldjat
képes indukalni a mintaban, koszonhetden a
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JEOL - IDES

JEOL ARM family and IDES integration

Brunetti Guillaume '
' JEOL EUROPE SAS

trudi@jeol.fr

Recently JEOL acquire IDES company and start developing ne technologies for transmission
electron microscopes. IDES is a leader and pioneer in the field of Ultrafast and Dynamic
TEM, specializing in pulsed lasers and high-speed electrostatic beam blanking and deflection
technologies. IDES' products add time resolution to the TEM's exceptional spatial resolution
enabling new applications and the exploration of the dynamics of specimens across a range of
very fast time scales. Here is a non exhaustive list of the innovation coming from
JEOL/IDES: EDM Basic (Electrostatic Dose Modulator) The Electrostatic Dose Modulator
(EDM) is a fast beam blanking system with a pre-sample electrostatic deflector, including
electronics and software control. With EDM, the beam can switch on or off in less than 50 ns.
This 100,000x improvement in blanking speed immediately improves the clarity of data taken
at fast exposure times. EDM can also attenuate electron illumination without affecting
imaging conditions, giving TEM and STEM users exceptional control over the dose on their
samples. Cutting-edge electronics and software add-ons unlock advanced applications such as
temporal dose structuring and STEM synchronization. Programmable STEM with EDM
Synchrony Control the dose at every pixel. The Electrostatic Dose Modulator (EDM) is a fast
beam blanking system with a pre-sample electrostatic deflector, including electronics and
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software control. EDM can also attenuate electron illumination without affecting imaging
conditions, giving TEM and STEM users more control over the dose on their samples. The
optional Synchrony upgrade takes EDM's timing and synchronization capabilities to the next
level. Synchrony can coordinate with a STEM controller, tracking the probe beam location as
it scans across the sample. EDM's lightning-fast electrostatic blanking turns the beam on for a
specified time at each pixel, or keeps the beam blanked to completely exclude sensitive
regions from dose. Luminary Micro Compact Specimen Photoexcitation System Luminary
Micro is a Compact Specimen Photoexcitation System (CPXS) for JEOL TEMs. It is
composed of a modulated laser, a compact optical delivery system (LODS), an inlet port, and
a mirror. With this add-on, users can direct and focus the laser output onto the TEM sample in
situ. The Luminary Micro can induce a rich variety of reactions and dynamic processes in the
specimen, thanks to its focus size

—
IDES
-

Ultrafast TEM/Dynamic TEM

Compact Specimen Photoexcitation System
Electrostatic Subframing System
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STED képalkotas: szuperrezolicio néhany kattintassal
Godé Soma '

" UNICAM Magyarorszag Kft.

godo@unicam.hu

Az Abberior Instruments rendszerei napjaink legfejlettebb szuperrezolucids képalkotasi
kiilonleges mintael6készités igénye nélkiil. A képalkotas gyorsasdga €s a rendszer egyszerii
kezelése biztositja, hogy a biologia vagy orvostudoméany barmely teriiletén kivaldan
alkalmazhat6 legyen kompromisszumok nélkiil. A STED képalkotds mitkddési elve és az
eldnyei ismertetése utan sajat eredményeken keriil bemutatisra a technologia
hasznélhatosaga.
Confocal
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Konfokalis és STED kép egy Abberior STAR RED-el jelolt tubulinhalozatrol.

STED imaging: superresolution with some clicks
Soma Godo¢ !

" UNICAM Magyarorszag Kf.

godo@unicam.hu

Abberior Instruments systems use the most advanced super-resolution imaging technology.
Using the STED laser, a resolution of up to 40 nm can be achieved without the need for
special sample preparation. The speed of imaging and the ease of use of the system ensure
that it can be used excellently in any field of biology or medicine without compromise. After
explaining the operating principle and benefits of STED imaging, the usability of the
technology will be demonstrated with own results.
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Confocal and STED image of an Abberior STAR RED labelled tubulin mesh.
Fert6z6 betegségek kutatasa: viruselemzés krio-elektronmikroszkopiaval
Emine Korkmaz '
! Thermo Fisher Scientific

emine.korkmaz@thermofisher.com

Infectious Disease Research; virus analysis using Cryo Electron Microscopy Viruses are
miniature, highly efficient gene delivery machines. These infectious agents come in a wide
variety of shapes and sizes, with most having a diameter between ten and a few hundred
nanometers. Due to their size, analytical techniques such as electron microscopy provide
valuable insights for diagnosis, treatment, and vaccine development. Transmission electron
microscopy, for example, is routinely used for fast virus detection and identification in
diagnostic settings. Beyond viral diagnoses, electron microscopy is also on the forefront of
virology, as it is used in virus structure and pathogenesis studies, especially though
near-atomic resolution instruments like cryo-electron microscopes (cryo-EM). The cryo-EM
technique known as cryo-electron tomography provides structural information with broader
cellular context, such as viral assembly within bacteria. Cryo-EM has been used to study
virus morphology for over 20 years, resolving the structure of viruses such as Zika, Ebola,
HIV and coronaviruses. The near-atomic-resolution information provided by cryo-EM is
critical for a better understanding of the molecular mechanisms behind antibody-antigen
interactions. In fact, cryo-EM structures are increasingly used in protein epitope mapping,
defining specific binding sites. These iterative studies aid the understanding of antibody
mutations for faster discovery and development of more specific and effective vaccines or
antiviral treatments.
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nfectious Disease Research; virus analysis using Cryo Electron Microscopy
Emine Korkmaz '

! Thermo Fisher Scientific

emine.korkmaz@thermofisher.com

Infectious Disease Research; virus analysis using Cryo Electron Microscopy Viruses are
miniature, highly efficient gene delivery machines. These infectious agents come in a wide
variety of shapes and sizes, with most having a diameter between ten and a few hundred
nanometers. Due to their size, analytical techniques such as electron microscopy provide
valuable insights for diagnosis, treatment, and vaccine development. Transmission electron
microscopy, for example, is routinely used for fast virus detection and identification in
diagnostic settings. Beyond viral diagnoses, electron microscopy is also on the forefront of
virology, as it is used in virus structure and pathogenesis studies, especially though
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near-atomic resolution instruments like cryo-electron microscopes (cryo-EM). The cryo-EM
technique known as cryo-electron tomography provides structural information with broader
cellular context, such as viral assembly within bacteria. Cryo-EM has been used to study
virus morphology for over 20 years, resolving the structure of viruses such as Zika, Ebola,
HIV and coronaviruses. The near-atomic-resolution information provided by cryo-EM is
critical for a better understanding of the molecular mechanisms behind antibody-antigen
interactions. In fact, cryo-EM structures are increasingly used in protein epitope mapping,
defining specific binding sites. These iterative studies aid the understanding of antibody
mutations for faster discovery and development of more specific and effective vaccines or
antiviral treatments.

Autoloader
Sampéas can be

The Krios G4 with the Selectris filter
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Transzmisszios elekronmikroszkopba beépitett kisérleti berendezéssel az

innovativ vékonyrétegkutatas élvonalaban. Barna Arpad munkassagarol.
Barna B. Péter '

! ELKH-EK Miiszaki Fizikai és Anyagtudomanyi Intézet

barna.peter@ek-cer-hu

Barna Arpad mar az 1950-es évek masodik felében, elsé munkahelyén, az Orszagos
Kozegészségiligyi Intézet Virusosztalyan, technikusként és villamosmérnok hallgatdéként
megmutatta képességeit ¢és kutatdi egyéniségét. Itt keriilt kezébe transzmisszids
elektronmikroszkdp (TEM) és szembesiilt azzal a problémaval, hogy annak feloldoképessége,
kb. 1,7 nm, messze nem elég a viruskutatdshoz. Elhatdrozta, megjavitja a feloldoképességet.
Tanulmanyozva a TEM mikddésének alapjait és az adott készilék felépitését, a
feloldoképesség javitasanak lehetdségét abban latta meg, ha az akkor altalanosan alkalmazott
statikus magnesekre €piil6 objektiv sztigmator helyett TEM-ben addig még nem alkalmazott
nyolctagu (octopole) elektromagneses sztigmatort épit be a késziilékbe. Ezt a sztigmatort
megtervezte, elkészitette és beépitette. 0,5 nm koriili feloldast, az akkori korszerti késziilékek
feloldasahoz hasonlo értéket ért el. De készitett itt mikrotomot és a mintak fémmel torténd
bearnyékolasara alkalmas vakuumparologtatd berendezést is [ 1]. 1963-ban, Pdocza Jend
meghivasara a Miszaki Fizikai Kutato Intézetben folyod vékonyréteg-kutatasba kapcsolodott
be. Pbécza ugyanis az 1950-es évek kozepén az elsék kozott felismerte, hogy a
vékonyréteg-kutatas egyik legizgalmasabb kérdéskore annak feltarasa és megértése lesz,
hogy milyen mechanizmusokon, alapfolyamatokon keresztiil épiil fel egyes atomok
paraméterekkel, megtervezhetd-e a rétegek szerkezete, és végiil milyen Gsszefiiggés van a
szerkezet és a fizikai tulajdonsagok kozott. Ugy gondolta, hogy ezeket a kisérleteket
transzmisszios elektronmikroszkopban lehetne a leghatékonyabban megvaldsitani, mivel a
szerkezet kialakulasa itt kozvetleniill megfigyelhetd. Tobb kiilfoldi laboratériumban mar
allitottak eld vékonyrétegeket transzmisszids elektronmiksozk6dban, azonban igen
kedvezodtlen vakuum-viszonyok kozott. Pocza ultravakuum tartomanyra gondolt (10-7- 10-8
Pa) , hogy a szennyezés-hatdsokat el lehessen keriilni. Erre a feladatra hivta meg Barna
Arpadot, aki tobb lépcsében megtervezte és elkészitette a vilagban maig egyediilalld,
ultrangyvdkuum tartomanyban (10-6 — 10-8 Pa) miikddé kisérleti berendezést. Ezzel
egységben volt vizsgalhatd a technoldgia paraméterei - a szerkezet kialakulasa - a szerkezet
¢s az elektromos tulajdonsagok kozotti Osszefiiggés rendszer. [2 — 9]. A berendezésben
elvégezhetd kisérleteket, a valaszthatd kisérleti paramétereket, valamint vizsgélatokat az 1.
abra foglalja 0ssze. A berendezés egyszeriien behelyezhetd volt a Jeol JEM 6A transmisszios
elektronmikroszkop objektumterében a targyasztalra. Felépitését a 2. a €s b dbra szemlélteti.
A 3. abra a polikristalyos rétegek (ebben az esetben In) novekedésének az in situ
kisérletekben feltart jellegzetes szakaszat, a kristalyok folyadékszerii Gsszendvését és az
ennek soran keletkezd szabad feliilleten a masodlagos magképzOddést mutatja be. Az
eléadasban Barna Arpadnak ezt a munkajat idézziik fel és a berendezéssel végzett kisérletek
koziil néhanyat. A 12th Multinational Congress on Microscopy, Eger, 2015. augusztus 23 —
28 konferenciadn tartott el0adas bemutatta a kisérleti berendezés felépitését és egynéhanyat a
vékonyrétegek szerkezet-kialakulasanak folyamataibol videon (letdltheté [10]). Barna Arpad
autonom szellemiségi kutatd-alkotd volt. A felvetddott szakmai kérdésben mindig meglatta,
felismerte az egész kérdéskort, annak Osszetettségét és Osszefliggésrendszerét. A felvetddott
kérdést csak ebben az Osszefliggésrendszerben, tehat a maga teljességében ¢és a
legalkalmasabb, akar teljesen sajatos, az adott feladatra megtervezett és elkészitett kisérleti
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berendezéssel végzett kisérletek megerdsitett eredmélnyeire alapozva kivanta, képzelte ¢€s
tudta vizsgalni, megoldani. Masként nem akart, s nem is tudott dolgozni. A kisérleti kutatés
klasszikusainak egyike volt. Hivatkozasok [1] Hollos Ivan, A komplét és inkomplét influenza
virus elektronmikroszkopos vizsgalata, Kandidatusi értekezés, Budapest, 1961]. [2] A.Barna,
P.B.Barna, J.F.Pocza: Design of a new vacuum deposition specimen holder for an electron
microscope operating at 10-7 torr, Vacuum, 17, (1967) 219-221 [3] A. Barna, P.B. Barna, J.F.
Pocza: Formation processes of vacuumdeposited indium thin films and thermodynamical
properties of submicroscopic particles observed by "in-situ" electron microscopy,
J.Vac.Sci.Techn. 6(1969)472-474 [4] A. Barna, PB. Barna, J.F. Pdocza: Simultaneous
investigations of structure and electrical properties of vacuum-deposited thin films
by"in-situ" electron microscopy, Septiéme Congrées International de Microscopie
Electronique, Grenoble, (1970) pp. 445-446. [5] A.Barna, P.B.Barna, Z.Bodo, J.F.Picza,
[.Pozsgai, G.Radnoczi: Simultaneous investigation of the crystal structure and electrical
properties of crystallised Ge films by UHV "in-situ" electron microscopy, Thin Solid Films,
23(1974)49-62 [6] A. Barna, P.B. Barna, G. Stark, P. Thomas, L. Téth: Realization of the
thermoelectric power measurements in the in situ electron microscopy of thin films, Proc. 7th
VacuumCongress and the 3rd Int. Conf. On Solid Surfaces,. (Ed: Dobrozemsky, F.Riidenauer,
F.P.Viehbock, A.Breth) Vienna, 1977. V. II. pp. 1635-1638 [7] A. Barna, P.B. Barna, G.
Radnoczi, L. Toth: UHV insitu TEM study of two dimensional island growth on Al2Au
phase by depositing Au onto Al films, Proc. 8th European Congress on Electron Microscopy
(Ed.: A.Csanady, P.Rohlich, D.Szabo), Budapest, 1984. p. 1241. [8] A. Barna, G. Safran, L.
Téth: In-situ electron microscopy study of structural and electrical changes in Ni-Cr thin
films, Thin Solid Films116(1984)229 [9] Barna Arpad: Ultranagyvakuumu kisérleti
berendezés vékonyrétegek szerkezeti €s elektromos jellemzdinek szimultdn mérésére az ,,in
situ”transzmisszios elektronmikroszkopiaban. Kandidatusi értekezés, 1982 [10] A. Barna,
P.B. Barna, G. Radnoczi, 50 years anniversary of starting the in situ UHV TEM studies of
thin film growth in Budapest, Lecture presented at the 12th Multinational Congress on
Microscopy, Eger, 23 - 28 August, 2015.
https://www.mfa.kfki.hu/wp-content/uploads/2022/03/Barna. MCM2015 1-1-1.pdf

PARAMETERS STRUCTURE ELECTRICAL
INVESTIGATION MEASUREMENTS
during deposition

deposition rate
0,05 -2 nm/s
substrate temperature -
-150°C - + 500°C Uiz ees resistivity
residual pressure selected area ED (thermo power )(1-3 sec)
10¢Pa plate, 10€Pafilm| | low angle TED
gas atmosphere < 10" Pa

during post-deposition treatment

+ resistivity
heat treatment TEM images thermo power
gas interaction selected area ED Hall voltage
low angle TED magneto-resistivity

1. dbra A Barna Arpdd dltal megtervezett és elkészitett kisérleti berendezéssel transzmisszios elektronmikroszképban végezhetd
kisérletek

With a unique experimental system built into a transmission electron
microscope at the forefront of innovative thin film research. On the scientific
achievement of Arpad Barna
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Already in the second half of the 1950s, in his first job at the Virus Department of the
National Institute of Public Health, Arpad Barna showed his skills and research individuality
as a technician and university student in electrical engineering. Here he started working with
a transmission electron microscope (TEM) of the first generations and faced the problem that
its resolution, approx. 1.7 nm, far from enough for virus research. He was determined to
improve the resolution of the microscope. Studying the basics of the operation of the TEM
and the structure of the given device, he saw the possibility of improving the resolution if,
instead of the objective stigmator based on static magnets commonly used at that time, an
eight-membered (octopole) electromagnetic stigmator, not yet used in TEM, is installed in the
device. He designed, manufactured and built in the TEM this stigmator. He achieved a
resolution of around 0.5 nm, a value similar to that of modern devices at the time. But he also
designed and built a microtome and a vacuum evaporator to shadow the samples with metal
[1]. In 1963, at the invitation of Jend Pdcza, Arpad Barna became involved in thin-film
research at the Institute of Technical Physics. In the mid-1950s, Pécza realized that one of the
most exciting issues in thin-film research would be to discover and understand the
mechanisms and fundamental phenomena by which the structure of thin films, prepared by an
atom-by-atom deposition process, develops, how to control these with the parameters,
whether the structure of the films can be designed, and finally what is the relationship
between the structure and the physical properties. He believed that these kind of experiments
could be most effectively performed in a transmision electron microscope which could make
possible to observe the structure evolution directly. Pocza thought of an ultra-vacuum range
(10-7-10-8 Pa) to avoid contamination effects. He invited Arpad Barna to this task, who
designed, constructed and installed on the object stage of a JEM6A transmission electron
microscope the experimental systems. This device made possible to realize also electrical
measurements simultaneously with structure analysis during the deposition or heat treatment
of the films. Fig 1. summarizes the possible parameters of the experiments and the
investigations that could be performed. The schems of the experimental system are shown in
Figs. 2. a and b. Figure 3 demonstrates the characteristic phase of the growth of the
polycrystalline thin films (in this case In) revealed in the in situ experiments, the liquid-like
coalescence of the crystals and the secondary nucleation taking place on the free surface
developing during the coalescence. In the present memorial lecture, we recall this work and
some of the experiments with the equipment. The lecture given at the 12th Multinational
Congress on Microscopy, Eger, 23-28 August 2015, introduced the construction of the in situ
TEM experimental system and some of the processes of thin film structure formation on
video (can be load down [10]). Arpad Barna was an autonomous researcher and creator. In
the scientific question that has been raised, he has always seen and recognized the whole
issue, its complexity and system of connections. He wanted, imagined and was ready to
examine and solve the issue only in this system of context, ie in its entirety and based on
results of confirmed experiments carried out with most suitable, even completely specific,
newly developed, dedicated experimental system and method. He didn't want to work any
other way, and he couldn't work. He was one of the classics of experimental research.
References [1] Hollos Ivan, A komplét és inkomplét influenza virus elektronmikroszkopos
vizsgalata, Kandidatusi értekezés, Budapest, 1961]. [2] A.Barna, P.B.Barna, J.F.Pécza:
Design of a new vacuum deposition specimen holder for an electron microscope operating at
10-7 torr, Vacuum, 17, (1967) 219-221 [3] A. Barna, P.B. Barna, J.F. Pocza: Formation
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processes of vacuumdeposited indium thin films and thermodynamical propertiesof
submicroscopic particles observed by "in-situ" electron microscopy, J.Vac.Sci.Techn.
6(1969)472-474 [4] A. Barna, PB. Barna, J.F. Pocza: Simultaneous investigations of
structure and electrical properties of vacuum-deposited thin films by"in-situ" electron
microscopy, Septiéme Congrées International de Microscopie Electronique, Grenoble, (1970)
pp. 445-446. [5] A.Barna, P.B.Barna, Z.Bodd, J.F.Pbcza, [.Pozsgai, G.Radnéczi:
Simultaneous investigation of the crystal structure and electrical properties of crystallised Ge
films by UHV "in-situ" electron microscopy, ThinSolidFilms23(1974)49-62 [6] A. Barna,
P.B. Barna, G. Stark, P. Thomas, L. Toth: Realization of the thermoelectric power
measurements in the in situ electron microscopy of thin films, Proc. 7th VacuumCongress and
the 3rd Int. Conf. On Solid Surfaces,. (Ed: Dobrozemsky, F.Riidenauer, F.P.Viehbock,
A.Breth) Vienna, 1977. V. IL. pp. 1635-1638 [7] A. Barna, P.B. Barna, G. Radnéczi, L. T6th:
UHV insitu TEM study of two dimensional island growth on AI2Au phase by depositing Au
onto Al films, Proc. 8th European Congress on Electron Microscopy (Ed.: A.Csanady,
PRohlich, D.Szabd), Budapest, 1984. p. 1241. [8] A. Barna, G. Safran, L. Téth: In-situ
electron microscopy study of structural and electrical changes in Ni-Cr thinfilms, Thin Solid
Films116(1984)229 [9] A. Barna: An ultrahighvacuum experimental system for simultaneous
in situ electron microscopic investigation of the structure and electrical properties of thin
films, PhD thesis, 1982 [10] A. Barna, P.B. Barna, G. Radndczi, 50 years anniversary of
starting the in situ UHV TEM studies of thin film growth in Budapest, Lecture presented at
the 12th Multinational Congress on Microscopy, Eger, 23 — 28 August, 2015.
https://www.mfa.kfki.hu/wp-content/uploads/2022/03/Barna. MCM2015_1-1-1.pdf

PARAMETERS | STRUCTURE ELECTRICAL
INVESTIGATION MEASUREMENTS
during deposition

deposition rate
0,05 - 2 nm/s
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-160°C - + 500°C [Eiiades resistivity
residual pressure selected area ED (thermo power )(1-3 sec)
104Pa plate, 104 Pa film| | low angle TED
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L

during post-deposition treatment

] resistivity
heat treatment TEM images thermo power
gas interaction selected area ED Hall voltage
low angle TED magneto-resistivity

Fig. 1. Experiments can be performed in a transmission electron microscope with the experimental device designed and
manufactured by Arpad Barna Fig. 2. a) The vacuum systems of the JEMG6A transmission electron microscope and the experimental
system designed and constructed by Arpdd Barna; b) the structure of the experimental system constructed by Arpid Barna and the
sample holder suitable for electrical measurements Fig. 3. Fast, liquide-like coalescences of In crystals resulting in the formation of
a new single crystal and the secondary nucleation on the bare substrate surface developed via the coallescence.
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Miért sziikséges a feliiletfizika a TEM minta készitéséhez? Arpi (Barna A.)
emlékére.
Menyhard Miklés !

'EK MFA

menyhard.miklos@ek-cer.hu

Az eldadas a Barna Arpad kozremiikodésével megvaldsitott jo mindségli AES mélységi
feltérképezés kifejlesztését ismerteti, amit az O ragyogéd otleti és egyediilalld miiszaki
megoldasai nélkiil nem valdsulhatott volna meg. Mar sikeresen miikodott a TELETWIN
iondgyu, energia tartomany 2-10 keV, amit mintaforgatassal 0sszekotve alkalmaztak TEM
mintakészitésre, amikor felvetettem Arpinak, hogy kéne csinalni egy olyan véltozatot ami
UHYV koriilmények kozott mikodik és alkalmazhato AES mélységi feltérképezéshez. Az ion
agyu némileg modositott valtozata gyorsan el is késziilt és beépitve az UHV kamraba
ragyogd eredményeket adottl; a NBS 2135a szabvanynak megfeleld6 mintdn (
550nmCr,50nmNi)) az akkor legjobb mélységi felbontast értiink el. Azonban az elért
mélységi felbontds csak 4-6 nm volt, ami nem elégséges vékonyrétegek AES mélységi
feltérképezéshez. Az elsé Otlet a porlasztasi sz0g tovabbi csokkentése volt, ami nem
miikodott és ekkor javasoltam az ion energia csokkentését. Arpi megépitette az elsé meleg
katodos agyut, ami mar 200 eV (!) ionenergian is mikodott. Ez attorést hozott és a legjobb
mélységi felbontast értiink el vele2 és rovidesen minden gyartd ezt a megoldast kezdte
hasznalni. A fejlesztés természetesen azonnal atment a jelentdsen nagyobb alkalmazassal biro
TEM minta készités teriiletére is. 1 A. Barna, A. Sulyok M. Menyhard, Improved Depth
Resolution of AES In-depth Profiling, SIA 19, 77-79 (1992). 2 A. Barna and M. Menyhard,
Phys. Status Solidi A 145, 263 (1994).

Why surface physics is important for TEM sample preparation? In
memoriam of Arpi (A. Barna)
Miklos Menyhard !

'EK MFA

menyhard.miklos@ek-cer.hu

A. (Arpi) Barna played pivotal role in the implementation of the AES depth profiling device
both his brilliant ideas and talent for technical solutions. This talk is devoted to the history of
this development. The TELETWIN gun had already successfully worked for preparation of
samples for TEM studies, when I approached Arpi with the idea that it might be applied also
for AES depth profiling. Obviously it needed considerable changes of the existing device to
be applicable in UHV conditions. He made the necessary modifications and the UHV
compatible gun with the necessary sample rotation device had been built in our AES device.
Already the very first test provided excellent results. The AES depth profiling of the NBS
2135a standard specimen (550nmCr,50nmNi)) resulted in the best resolution of that timel.
The achieved depth resolution, 4-6 nm, on the other hand, was far insufficient for AES depth
profiling of thin film systems. The first idea was to make a modification of the gun to be able
to use even more glancing incidence; it did not work. At this point it was proposed to
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decrease the ion energy. The preliminary modification of the gun proved that this is the way
to reach better depth resolution. This prompted Arpi to develop a new gun using hot cathode;
this version of the ion gun could operate at ion energy of 200 eV(!). This was a breakthrough
resulting in excellent depth resolution2 even for thin film systems and became a standard for
any manufacturer. The idea had been immediately applied also for TEM sample preparation.
1 A. Barna, A. Sulyok M. Menyhard, Improved Depth Resolution of AES In-depth Profiling,
SIA 19, 77-79 (1992). 2 A. Barna and M. Menyhard, Phys. Status Solidi A 145, 263 (1994).

nincs

TEM mintak ionsugaras vékonyitasa Barna Arpadnak, a mdédszer
megalapozdjanak emlékére
Radnéczi Gyorgy !

! Energiatudomanyi Kutatokézpont

radnoczi.gyorgy@ek-cer-hu

1980-a évek pénzhidnya olyan innovativ megoldasok keresésére kényszeritette a
vékonyrétegek kutatdsa soran addig is jelentds eredményeket elért csoportot, amelyek belsd
energidk felhasznalasaval is megvalosithatok voltak. A korabbi in-situ vizsgalatok feltartak a
vékonyrétegek novekedésének kezdeti fazisait, a feliileti szerkezet vizsgdlatai (dekoracio,
C-Pt replika) sok informdciot nytjtottak a novekedés késobbi folyamatairdl. A kialakult réteg
keresztmetszetébe betekintve tovabbi 11j ismeretekhez jutni azonban csak a keresztvékonytas
megoldasaval volt lehetséges. Ezzel a csoport tisztaban volt, de egy vékonyitd megvasarlasa
kilatastalan volt. Léteztek ugyanis mar ionsugaras vékonyitok, ezek azonban tobbnyire rossz
mintakat eredményeztek, a fobb problémak a sugarkarosodas és a durva feliilet voltak. Barna
Arpi fogalmazta meg a feladatot: ha venni nem tudunk, csindlni kell egy vékonyitot, egy jo
vékonyitot — az itthon talalhaté anyagokbol! Igy lett a vakuumrendszer egy kukta fazék, Arpi
tervezett és csinalt elektromos ¢és mechanikai atvezetdket (a kivitelezésben Puskas Laszlo
segitette), és ionagyut is. Az iondgytl modellezése egy gumiasztalon futd csapagy golyokkal
tortént: a cél eleve az volt, hogy egy fokuszalt nagy intenzitasu Ar+ nyaldbot lehessen
létrehozni. Elészor a vakuumrendszer késziilt el és a késébb elnevezett TELETWIN iondgyu
(1. abra). A rendszer hasznalata soran szerzett tapasztalatok alapjan latott neki az elméleti
hattér kidolgozasanak, az elgondolasokat folyamatosan kisérletekkel ellendrizve. Az elmélet
(amely egy geometriai elmélet) alapjan Arpi meghatarozta a feliilet porlodasi sebességét az
ionnyaldb beeséséi szOgének fiiggvényében. Ezt a porlédasi sebességet két komponensre
bontotta, a feliilettel parhuzamosan mozg6 1épcsok sebességére (Sm) és a feliiletre merdleges
porlodasi sebességre (VO). Arra az eredményre jutott, hogy hogy a feliilet akkor tud sima
maradni egy j6 mechanikai elokészités utan, vagy akar kisimulni, ha Sm>>V6. Ez a feltétel
pedig csak akkor teljesithetd, ha az ionsugar beesési szoge kozel van a surlodd beeséséhez,
azaz a feliilettel 1-5 fokot zar be. Ekkor a mintdban 1évo, kiilonb6zd porlddasi sebességii
inhomogenitasok ellenére viszonylag egyenletes vastagsagi minta készithetd. Ehhez
kiegészitésként Arpi alkalmazta a minta ionnyalab koriili billegtetését (a forgatas helyett) a
vékonyitas utols6 szakaszaban. Ez lehetOséget teremtett pl. arra, hogy a minta homogén
terliletén létrehozott sima (polirozott) feliiletet (pl. a Si hordozén vékonyrétegek esetében)
attoljuk a réteg folé, igy vastagabb rétegek esetében is lehetségessé valt a teljes vastagsagban
megfeleléen vékony minta kialakitisa. Arpi hozzajarulasat a kovetkezé eredmények emelték
nemzetkozileg is meghatarozéva: az 1j, fokuszalt sugard, hatékony ionagyt megépitése, a
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porlodéasi folyamat lényegének megértése, a modell megalkotisa és ennek Atiiltetése a
gyakorlatba egy olyan berendezés megépitésével, amelyben a kidolgozott elmélet a
gyakorlatban is alkalmazhato.

a) b)

teletwin high energy
an ell cathode

ion :

]

wehnelt gas inlet electron trajectories

focusing lens
ion
trajectories

1. dbra A TELETWIN ioindgyl sematikus rajza (a). A TELETWIN ionagyu elektron és
ion-palydinak gumiasztalon kirajzolddo képe (b).

A munkarol szliletett fontosabb kozlemények:

ARPAD BARNA, TOPOGRAPHIC KINETICS AND PRACTICE OF LOW ANGLE ION BEAM
THINNING, Mat. Res. Soc. Symp. Proc. Vol. 254. 1992, Materials Research Society

A. Barna, P. B. Barna and A. Zalar, lon Beam Induced Roughness and its Effect in

AES Depth Profiling of Multilayer Ni/Cr Thin Films, SURFACE AND INTERFACE ANALYSIS,
VOL. 12, 144150 (1988).

Barna, A ; Barna, PB, Application of glancing incidence ion beam etching for the
preparation of TEM and XTEM samples of surface coatings, In: Piecsonka, T;

Frydrych, J (szerk.) Proceedings of PECO-Hitest Network, (CiPr-CT92-4014,

Meeting) 1994 Miskolc ,Krakow, Lengyelorszag : AGH Akademia Gorniczo-Hutnicza,
(1994) pp. 109-126., 18 p.

G. Radndczi, A. Barna Transmission electron microscopy characterization of hard
coatings and films: sample preparation aspects and results, Surface and Coatings
Technology 80 (1996) 89-95.

Barna, A., Low angle and low energy ion beam etching for TEM sample preparation,
JOURNAL OF COMPUTER ASSISTED MICROSCOPY 9 : 2 pp. 101-104. , 4 p. (1997)
Mc-Caffrey, J ; Barna, A, Preparation of cross-sectional TEM samples for low angle
ion milling, MICROSCOPY RESEARCH AND TECHNIQUE 36 : 5 pp. 362-367., 6 p. (1997)
Barna, A ; Gyulai, J ; Menyhard, M ; Szigethy, D, lonoptikai rendszer és eljaras, 225354 ,
BenyUjtas éve (szabadalom): 2003 , NSZO: GO2B 6/10, GO1N 21/68, GO1N 23/00,
Ugyszam: P0301509, Benyujtas orszaga: Magyarorszag

Barna, A ; Menyhard, M ; Kotysh, L ; Kovacs, Gy; Radndczi, G ; Zalar, A ; Panjan, P,
Unexpectedly high sputtering yield of carbon at grazing angle of incidence ion
bombardment, JOURNAL OF APPLIED PHYSICS 98: 2 Paper: 024901 (2005)

Barna, A ; Radnoczi, G ; Pécz, B, Preparation Techniques for Transmission Electron
Microscopy, In: S, Amelinckx, Handbook of Microscopy Set: Applications in Materials
Science, Solid-State Physics and Chemistry, Weinheim, Germany, New York (NY), USA,
Wiley-Blackwell (2008) pp. 751-801, 51 p.

1. abra. A TELETWIN ioindgyu sematikus rajza (a). A TELETWIN iondgyu elektron és ion-padlydinak gumiasztalon kirajzolodo képe
(b).
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TEM sample preparation by ion milling Memorial lecture to recall the input
of Arpad Barna
Gyorgy Radnéczi '

I Centre for Energy Research H1121 Budapest, Konkoly-Thege Miklos ut 29-33.

radnoczi.gyorgy@ek-cer-hu

In the 1980-s the deficiency of financial resources motivated the thin film group at MFKI to
look for innovative solutions, realizable from internal mainly human resources. The earlier
in-situ TEM experiments revealed the initial stages of thin film structure development, and
the following surface morphology studies (vacuum decoration, C-Pt replicas) uncovered the
structure development mechanisms on the surface. However, the direct information on the
internal film structure was only available by preparation of thin cross sections from films,
good for high resolution investigation in TEM. By that time existed already ion millers,
dedicated for this purpose, however, the thin area was usually small, suffering from radiation
damage and surface roughness. The task was formulated by Arpad Barna; as we cannot buy a
reliable ion miller, we have to make it ourselves, based only on materials, available in the
laboratory. So, the vacuum chamber was produced from a pressure cooker dish, electric and
mechanical led troughs were designed and homemade (also contributed by Laszlo Puskas)
and the ion gun was also made in the laboratory workshop. The ion gun was later named
TELTWIN gun (fig. 1). Based on the experiences with the use of the newly developed ion
miller Arpad Barna started to work out the theoretical background of the milling process. The
based on the theory (a geometrical one) Arpad measured the sputtering speed of his ion gun
as the function of the impingement angle of ions on the surface. This sputtering speed was
then divided in two components: one was the speed of movement of the surface steps parallel
to the surface (Sm) the other perpendicular to the sputtered surface (VO). He drew the
conclusion that the surface can remain smooth, after an appropriate mechanical preparation,
or even get smoother when Sm>>V0. This condition can be met only, when the angle of
impingement of the ion beam to the surface is close to grazing incidence, i.e. makes an angle
with the surface of 1-5 degrees. In this case, the inhomogeneity, present in the sample and
having different sputtering rate can be overcome and a smooth and thin sample can be
prepared. As an addition to this, Arpad applied the wobbling of the sample around the ion
beam direction (instead of rotation) in the last period of the thinning process. This provided
the possibility of transferring a smooth area, created on a homogeneous part of the sample
(e.g. on the Si substrate) over the film (inhomogeneous) region. So, even for thick films a
sufficiently thin and smooth sample could be prepared. The contribution of Arpad Barna to
the technique and understanding of the ion milling process became internationally
acknowledged due to the innovative solutions: a new, focused beam and powerful ion gun,
description of the sputtering process created surface morphologies, and accordingly a
geometrical theory on its base as well the design and production of an ion miller which is
capable for applying these findings in practice.
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Figure 1. Schematic drawing of the TELETWIN ion gun (a).The image of the electron
and ion trajectories in the TELETWIN gun (b).

Basic publications by Arpad Barna on the topic of ion milling:

ARPAD BARNA, TOPOGRAPHIC KINETICS AND PRACTICE OF LOW ANGLE ION BEAM
THINNING, Mat. Res. Soc. Symp. Proc. Vol. 254. 1992, Materials Research Society

A. Barna, P. B. Barna and A. Zalar, lon Beam Induced Roughness and its Effect in

AES Depth Profiling of Multilayer Ni/Cr Thin Films, SURFACE AND INTERFACE ANALYSIS,
VOL. 12, 144150 (1988).

Barna, A ; Barna, PB, Application of glancing incidence ion beam etching for the
preparation of TEM and XTEM samples of surface coatings, In: Piecsonka, T;

Frydrych, J (szerk.) Proceedings of PECO-Hitest Network, (CiPr-CT92-4014,

Meeting) 1994 Miskolc ,Krakow, Lengyelorszag : AGH Akademia Gorniczo-Hutnicza,
(1994) pp. 109-126. , 18 p.

G. Radndczi, A. Barna Transmission electron microscopy characterization of hard
coatings and films: sample preparation aspects and results, Surface and Coatings
Technology 80 (1996) 89-95.

Barna, A., Low angle and low energy ion beam etching for TEM sample preparation,
JOURNAL OF COMPUTER ASSISTED MICROSCOPY 9 : 2 pp. 101-104. , 4 p. (1997}
Mc-Caffrey, J ; Barna, A, Preparation of cross-sectional TEM samples for low angle
ion milling, MICROSCOPY RESEARCH AND TECHNIQUE 36 : 5 pp. 362-367., 6 p. (1997)
Barna, A ; Gyulai, J ; Menyhard, M ; Szigethy, D, lonoptikai rendszer és eljaras, 225354 |
Benyujtas éve (szabadalom): 2003 , NSZO: GO2B 6/10, GO1N 21/68, GO1N 23/00,
Ugyszam: P0301509, Benylijtas orszéga: Magyarorszag

Barna, A ; Menyhard, M ; Kotysh, L ; Kovdcs, Gy; Radnoczi, G ; Zalar, A ; Panjan, P,
Unexpectedly high sputtering yield of carbon at grazing angle of incidence ion
bombardment, JOURNAL OF APPLIED PHYSICS 98: 2 Paper: 024901 (2005)

Barna, A ; Radrioczi, G ; Pécz, B, Preparation Techniques for Transmission Electron
Microscopy, In: S, Amelinckx, Handbook of Microscopy Set: Applications in Materials
Science, Solid-State Physics and Chemistry, Weinheim, Germany, New York (NY), USA,
Wiley-Blackwell (2008) pp. 751-801, 51 p.

Figure 1. Schematic drawing of the TELETWIN ion gun (a). The image of the electron and ion trajectories in the TELETWIN gun
(®).
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Fokuszalt ionsugarral készitett mintak tisztitasa Kis-energias Ar+
ionnyalabbal
Radndczi Gyorgy Zoltan '

! Energiatudomanyi Kutatokézpont, MFA

radnoczi.gyorgy.zoltan@ek-cer.hu

A klasszikus ionsugaras vékonyitds egyik jol ismert miiterméke a minta feliiletének
amorfizacioja. Ezt rutin szerlien a Barna Arpad altal kifejlesztett kis-energias ion-forrasbol
szarmazd nyalabbal tavolitottuk el a mintakrdl az elmult 2-3 évtizedben. A fokuszalt Ga+
sugarral (FIB) torténd preparalas elterjedése hattérbe szoritotta a hagyomanyos Ar ionsugaras
modszert ezzel egyiitt a kis-energias tisztitast is, mivel a FIB-bel vagott lamellak geometriaja
nagyon megneheziti a széles, kis-energias nyaldb hatékony hasznalatat. Ezzel egyiitt a
hagyomanyos kis-eneergias vékonyitok (pl GentleMill) jol haszndlhatok a FIB mintdk
tisztitasara, kelld odafigyeléssel és megfeleld beallitdsokkal. A FIB mintdk geometridjabol
adodo problémak és az ezek miatt fellépd miitermékek (visszaporlodott szennyezés,
arnyékhatasok, deformacio) attekintése utan szisztematikus kisérletsorozat alapjan javaslatot
tesziink FIB mintdk tisztitdsara €s jol kontrollalt vékonyitdsara. A kisérleteinkben sikertilt
200-300eV energiaji Ar ionokkal gyakorlatilag tokéletesen megtisztitani és 10 nm ala
vékonyitani egyes mintdkat. Egy ilyen GaN/AIN minta nagy-felbontasu képe lathatd az 1.
abran. A racskép mindségének jelentds javulasa mellett az is lathato, hogy az atvilagitott rész
vastagsaga 10 nm alattinak becstilhetd a Pt véddréteg jol elkiiloniild ~5 nm méretd részecskéi
alapjan.

“"FIB Ar* ionsugarral
. utdn tisztitva

1. abra. GaN hordozon lévd AIN réteg keresztmetszeti TEM képe kis-energias Ar+ ionsugaras tisztitds elott és utdan.
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Low energy Ar+ ion beam cleaning of samples prepared focused ion beam
(FIB)
Gyorgy Zoltin Radndczi !

! Centre for Energy Research - EK-MFA

radnoczi.gyorgy.zoltan@ek-cer.hu

":":__Raw Cleaned
FIB by Art

Fig. 1. FIB prepared cross section of an AIN layer on GaN substrate before and after low energy Ar+ ion beam cleaning

Elektronmikroszképia 2.0
Kovics Andras

'Forschungszentrum Jiilich, Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons

a.kovacs@fz-juelich.de

Az eléadas emléket allit Barna Arpad munkassaganak és elemzi annak hosszi tava hatasat a
jelen nagy kihivasokkal rendelkezd mikroszképos beruhdzasaira, amely nemcsak az
anyagtudomanyt, hanem a bioldgiai alkalmazasokat is érinti. Bemutatasra keriil o6t
nagymiiszer fejlesztési projekt, amely egyenként merdben Uj teriileteket céloz és egyesit tobb
tudomanyagat a transzmisszios elektron mikroszkop koriil.

A Ruska kézpont uj épiilete.
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Electron microscopy 2.0
\ndris Kovics

!Forschungszentrum Jiilich, Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons

a.kovacs@fz-juelich.de

The presentation will shortly discuss the past and present of the advanced transmission
electron microscopy techniques and applications including the frequently underrated
importance of specimen preparation. The major part will discuss some of the new
developments on large-scale electron microscopy projects that are in progress both for
biological and materials science applications. These electron microscopes each target a
specific and unconventional experimental conditions that merge different disciplines in and
around the vacuum column of the transmission electron microscope.

The new ER-C building.

Electron beam shaping in the TEM: theory, design and applications in the

Q-SORT project
Balboni Roberto ', Paolo Rosi >, Enzo Rotunno %, S. Frabboni *, Alberto Roncaglia !, Gian Carlo Gazzadi *

' CNR IMM - Bologna,, * CNR Istituto di Nanoscienze - Modena,, * Universita di Modena & Reggio Emilia - Modena

balboni@bo.imm.cnr.it

Electrons in the TEM are an ideal example of quantum-mechanical particles, since during his
everyday work the electron microscopist has the opportunity to verify either their particle or
wave behavior. Electrons waves in the microscope can therefore be described by amplitude
and phase, and playing with both quantities can open virtually unlimited possibilities in
materials investigation. Electron phase-based analysis was already known and used since
decades, e.g. in electron holography, but in recent years huge efforts were devoted to the
modulation of the electron beam using the electron phase and nowadays this activity is
among those at the forefront in the development of electron microscopy techniques. The
Q-SORT project (funded by the EC in the framework of H2020) addressed a specific aspect
of the electron beam phase modulation in the TEM, i.e. the possibility to extract by phase
analysis the actual value of sample observables that are usually not available in the classic
imaging process. This can be accomplished with the design and realization of specific passive
and active devices that either can act on the incident beam phase or can be used as a

96



‘detectors’, for selected observables, after the beam-sample interaction. As an example, with
these devices, it has been possible to obtain electron beams carrying an Orbital Angular
Momentum (OAM) and build analyzers (sorters) able to measure the properties of both
incident and transmitted beams. The possibility of designing structures able to shape the
electron beam is an essential starting point. First, in Q-SORT, patterned holograms were
obtained by FIB milling or electron beam lithography of SiN films; ‘amplitude only’ and
‘amplitude/phase’ passive devices can be designed in this way by proper selection of the
patterning and thickness modulation of the phase plate. A considerable improvement and
increased versatily is obtained by using active devices, in which the electron’s phase is
modulated by applying an electrostatic or magnetic potential to specifically designed arrays
of apertures or tips or wirings. In Q-SORT a series of different tip based MEMS devices have
been designed and realized, containing from 3 up 12 tips that can independently be polarized.
Sample and aperture holders to host the MEMS and with the necessary wirings to generate
the required electrostatic field have been specifically realized by Thermofisher. The
applications offered by these methods cover a large field of research in materials science, but
also in biomedical applications. They range from the possibility to measure magnetic and
electrostatic properties of matter at the nanoscale or even at the atomic level, to the reduction
of lens aberration in imaging, to the characterization of plasmonic spectra in nanostructures.
The most advanced application in biology will be the assessment of specific properties of
biological molecules at the level of single proteins, with special attention to the reduction of
the electron irradiation dose at the sample level. 1. Verbeeck, J., Tian, H. & Schattschneider,
P. Production and application of electron vortex beams. Nature 467, 301-304 (2010). 2.
Grillo, V., Tavabi, A., Venturi, F. et al. Measuring the orbital angular momentum spectrum of
an electron beam. Nat Commun 8, 15536 (2017)

97



Spectrum

Scheme of a general experiment involving a vortex electron beam and two active electrostatic devices (sorters) inside a TEM
column. The electron intensity distribution of an electron beam carrying an Orbital Angular Momentum (OAM) is first modified by
the first sorter (S1), then the dispersed signal is analyzed at the focal plane by the second sorter (S2) which generates the final
spectrum where the OAM components are visualized.
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Electron beam shaping in the TEM: theory, design and applications in the
Q-SORT project

Balboni Roberto ', Paolo Rosi >, Enzo Rotunno %, S. Frabboni *, Alberto Roncaglia ', Gian Carlo Gazzadi *
' CNR IMM - Bologna,, * CNR Istituto di Nanoscienze - Modena,, * Universita di Modena & Reggio Emilia - Modena

balboni@bo.imm.cnr.it

Electrons in the TEM are an ideal example of quantum-mechanical particles, since during his
everyday work the electron microscopist has the opportunity to verify either their particle or
wave behavior. Electrons waves in the microscope can therefore be described by amplitude
and phase, and playing with both quantities can open virtually unlimited possibilities in
materials investigation. Electron phase-based analysis was already known and used since
decades, e.g. in electron holography, but in recent years huge efforts were devoted to the
modulation of the electron beam using the electron phase and nowadays this activity is
among those at the forefront in the development of electron microscopy techniques. The
Q-SORT project (funded by the EC in the framework of H2020) addressed a specific aspect
of the electron beam phase modulation in the TEM, i.e. the possibility to extract by phase
analysis the actual value of sample observables that are usually not available in the classic
imaging process. This can be accomplished with the design and realization of specific passive
and active devices that either can act on the incident beam phase or can be used as a
‘detectors’, for selected observables, after the beam-sample interaction. As an example, with
these devices, it has been possible to obtain electron beams carrying an Orbital Angular
Momentum (OAM) and build analyzers (sorters) able to measure the properties of both
incident and transmitted beams. The possibility of designing structures able to shape the
electron beam is an essential starting point. First, in Q-SORT, patterned holograms were
obtained by FIB milling or electron beam lithography of SiN films; ‘amplitude only’ and
‘amplitude/phase’ passive devices can be designed in this way by proper selection of the
patterning and thickness modulation of the phase plate. A considerable improvement and
increased versatily is obtained by using active devices, in which the electron’s phase is
modulated by applying an electrostatic or magnetic potential to specifically designed arrays
of apertures or tips or wirings. In Q-SORT a series of different tip based MEMS devices have
been designed and realized, containing from 3 up 12 tips that can independently be polarized.
Sample and aperture holders to host the MEMS and with the necessary wirings to generate
the required electrostatic field have been specifically realized by Thermofisher. The
applications offered by these methods cover a large field of research in materials science, but
also in biomedical applications. They range from the possibility to measure magnetic and
electrostatic properties of matter at the nanoscale or even at the atomic level, to the reduction
of lens aberration in imaging, to the characterization of plasmonic spectra in nanostructures.
The most advanced application in biology will be the assessment of specific properties of
biological molecules at the level of single proteins, with special attention to the reduction of
the electron irradiation dose at the sample level. 1. Verbeeck, J., Tian, H. & Schattschneider,
P. Production and application of electron vortex beams. Nature 467, 301-304 (2010). 2.
Grillo, V., Tavabi, A., Venturi, F. et al. Measuring the orbital angular momentum spectrum of
an electron beam. Nat Commun 8, 15536 (2017)
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Spectrum

Scheme of a general experiment involving a vortex electron beam and two active electrostatic devices (sorters) inside a TEM
column. The electron intensity distribution of an electron beam carrying an Orbital Angular Momentum (OAM) is first modified by
the first sorter (S1), then the dispersed signal is analyzed at the focal plane by the second sorter (S2) which generates the final
spectrum where the OAM components are visualized.
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Nanokristalyos anyagok Rietveld analizise elektrondiffrakcios mérések
alapjan
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Rietveld analizis [1] egy kiforrott, rontgen- és neutron pordiffrakcidos mérések kiértékelésére
alkalmazott teljes profil illesztésen alapuld mddszer, mely a fazisdsszetétel, kristalyszerkezet
¢s mikroszerkezet (krisztallitméret, anizotrép alak, kitlintetett orientdcio, fesziiltség)
kvantitativ vizsgéalatat teszi lehetové. A Rietveld analizis alkalmazésa elektron pordiffrakcios
(EPD) mérések kiértékelésére kevésbé elterjedt, eddig nem tobb, mint 25 publikécio sziiletett
a témaban. Ennek f0 okai kozott szerepel a tobbi diffrakcids méréshez képest jelentds
tobbszOrds szorasi jarulék és a TEM-ek elektronoptikai rendszerének komplexitasa, melyek
az EPD mérés standardizaldsat és ezérta kvantitativ Rietveld analizist mind anyag- mind
miszeroldalrél nehezitik. A kisérleti paraméterek szigoru kontrollalasa (lencsearamok
optimalizalasa és alland6 értéken tartasa) az elektrondiffrakcids mérések pontossagat €s
reprodukdlhatosagat a tobbi diffrakcids méréséhez kozeliti. Ezt kovetden a diffrakciods
csucsok miszer okozta kiszélesedése modellezhetd és ezért figyelembe vehetd a kvantitativ
analizis sordn. A miiszer okozta kiszélesedés mérésére és Rietveld analizis soran torténd
modellezésére Boullay et al. egy kétlépéses eljarast javasolt [2], mely egy megfeleld
referenciaanyagon torténd egymast kovetd rontgen- és elektrondiffrakciés mérést foglal
magaba. Ebben az el6adasban egylépéses eljarassal hatarozzuk meg a miiszer okozta
csucskiszélesedést, melyhez referencia mintaként néhany réteg grafénnel fedett TEM rostélyt
haszndlunk (Ted Pella). A grafént végtelen, hibamentes 2D kristalynak tekintjiik (a
vizsgalatban a krisztallitméretet csak a kb 3um 4atméréjii apertira limitalja), melynek
elektrondiffrakcioja mentes a tobbszords szorastol és a krisztallitméret és fesziiltség okozta
csucskiszélesedés is elhanyagolhato. Igy a diffrakcios csucs alakja adott lencsearam
kombinaci6 melletti miiszer okozta kiszélesedést kozeliti. Néhany grafénrétegen mért
diffrakcios csucsok kiszélesedésébdl analitikusan meghatiroztuk a Caglioti fliggvény [3]
paramétereit, melyek a Rietveld analizis sordn a miiszer okozta kiszélesedés modellezését
teszik lehetdvé pl. a Maud szoftver felhaszndldsa esetében [4]. A kisérletileg meghatarozott
muszer okozta kiszélesedési paramétereket hasznaltuk kiilonboz6 anyagok — nanorészecskék,
vékonyrétegek (1. dbra), bioapatit — EPD méréseinek Rietveld analiziséhez. Az eldadasban
Osszefoglaljuk tapasztalatainkat, diszkutaljuk a modszer korlatait, és a megbizhatobb
elektrondiffrakcidés Rietveld analizis feltételeit. Hivatkozasok: [1] Rietveld, H. M. (1967).
Acta Cryst. 22, 151-152. [2] Boullay, P., Lutterotti, L., Chateigner, D. & Sicard, L. (2014).
Acta Cryst A. 70, 448-456. [3] Caglioti, G., Paoletti, A. & Ricci, F. P. (1958). Nuclear
Instruments. 3, 223-228. [4] Lutterotti, L., Matthies, S., Wenk, H.-R., Schultz, A. S. &
Richardson, J. W. (1997). Journal of Applied Physics. 81, 594—600.
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Cu-Ni vékonyréteg elektrondiffrakcios felvétele (balra) és az integralt intenzitasgorbéje (jobbra). A fekete pontok mérési adatok, a
piros vonal illesztett gorbe. A réz és a nikkel Bragg reflexicinak a helyét piros és kék palcikakkal jeloltiik. A mérési pontok és az
illesztés kiilonbségét a diagram also részén tiintettiik fel.

Rietveld analysis of nanocrystalline materials using electron diffraction data
Viktéria Kovacs Kis ', Zsolt Czigany 2, Zsolt Kovacs **

I Thin Film Physics Laboratory, Centre for Energy Research, Budapest, Hungary, * Department of Materials Physics, E6tvés
Lorand University, Budapest, Hungary

kis.viktoria@ek-cer.hu

Rietveld analysis [1] is an established method of full profile fitting of XRD and neutron
powder diffraction patterns. It is able to provide quantitative data on phase composition,
crystal structure and microstructure parameters (such as crystallite size, anisotropic shape,
preferred orientation, microstrain). However, Rietveld method is less used for the evaluation
of electron powder diffraction (EPD) patterns, mostly because of high contribution of
dynamical scattering and also, because of the large variability of electron optics, which
requires standardized measurements to control e.g. instrumental broadening in electron
diffraction. (So far, the number of papers presenting results based on Rietveld analysis of
EDP does not exceed 25). Indeed, to achieve accuracy and reproducibility of EPD similar to
that of the other diffraction methods, and to obtain as small instrumental broadening of
diffraction peaks as possible, strict control on lens currents of the electron microscope is
needed. To measure and reproduce the instrumental broadening parameters for EPD Rietveld
analysis, a two-step procedure was proposed [2], which comprises subsequent XRD and EPD
measurements of a suitable reference nanopowder. In this contribution, we present a single
step procedure to determine the instrumental broadening parameters using a few layer
graphene sample (Ted Pella). Graphene is considered as an infinite, perfect 2D crystal
(crystallite size is limited only by the aperture, i.e. 3 um), which EPD is free of dynamical
scattering and influence of crystallite size and strain to peak broadening is negligible. Thus,
the peak shape represents the instrumental broadening caused by a given combination of
microscope lens currents. Therefore, diffraction peaks of the few layer graphene sample were
used to measure broadening quantitatively and obtain analytical parameters of the Cagliotti
function [3] which is implemented to model instrumental broadening during Rietveld analysis
in e.g. the Maud software [4]. These instrumental broadening parameters obtained
experimentally were further used in Rietveld analysis of various samples including
nanoparticles, thin films (Figure 1) and bioapatites. Experience, limitations and possible
further steps towards more reliable EPD Rietveld analysis are discussed herein. References:
[1] Rietveld, H. M. (1967). Acta Cryst. 22, 151-152. [2] Boullay, P., Lutterotti, L.,
Chateigner, D. & Sicard, L. (2014). Acta Cryst A. 70, 448-456. [3] Caglioti, G., Paoletti, A.
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& Ricci, F. P. (1958). Nuclear Instruments. 3, 223-228. [4] Lutterotti, L., Matthies, S., Wenk,
H.-R., Schultz, A. S. & Richardson, J. W. (1997). Journal of Applied Physics. 81, 594—600.

SAED of Cu-Ni thin film (left) and corresponding integrated intensity profile (right). Black dots are measurement data and red line
is fitted curve. Bragg positions of Cu and Ni, and difference curve of the fitted regions are also plotted.

Ciszteintartalmu elektrolitbol levalasztott nikkel rétegek mikroszerkezete,

keménysége és termikus stabilitasa
Kolonits Tamas " ?, Gubicza Jeno 2, Péter Laszlo6 °, Bakonyi Imre °, Czigany Zsolt

' EK, MFA, Vékonyréteg Fizikai Labor,, ? ELTE, Anyagfizika Tanszék, * Wigner FKI

kolonits.tamas@ek-cer.hu

Munkank soran cisztein tartalmu elektrolit oldatbol levalasztott nikkel rétegeket vizsgaltunk
az eloallitdsi paraméterek (cisztein koncentracid, dramsiirtiség, pH) fliggvényében. A réz
hordozon vald megtapadés és a keménység szempontjabdl kivalasztott "j6" kondiciok mellett
eloallitott réteg szerkezetét (szemcseméret, diszlokacido és ikerhatar stirliség) részletesen
elemeztiikk rontgendiffrakcids vonalprofilanalizis ¢és transzmisszios elektronmikroszkop
segitségével. Tovabba a szerkezet termikus stabilitasat is vizsgalltuk 1000 Kelvinig terjedd
hokezelések segitségével. A cisztein jelentdsen csokkentette a szemcseméretet €s ndvelte a
racshibdk mennyiségét, ahogy a keménységet is. A kialakult szerkezet hasonld a szacharin
hatasara kialakuld szerkezethez, am annal keményebb és sokkal jobb termikus stabilitassal
rendelkezik, amiért a beéplild kén tehetd felelossé. Alacsony-kozepes (500 Kelvines)
hokezelésre a cisztein segitségével eloallitott réteg a szacharinos rétegekhez hasonld
keményedéssel reagal, am mig az utdbbi esetben a keménységndvekedés jellemzden +10%,
addig a cisztein akar 30-40 szazalékos ndvekedés is eredményezhet.
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0.4~g/l cisztein tartalmu elektrolitbol levalasztott minta TEM képe (4) 400, 500, 600 illetve 750~K hékezelés utan (B-E)

7

Microstructure, hardness and thermal stability of nickel films

electrodeposited from cysteine containing bath
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Various Ni films electrodeposited from cysteine containing baths were investigated regarding
to the deposition parameters (concentration of cysteine, current density, pH). The structure
(grain size, dislocation and twin boundary density) of the layer produced under "good"
conditions (regarding to adhesion to the copper substrate and hardness) was analyzed in detail
by X-ray diffraction line profile analysis and transmission electron microscopy. The thermal
stability was studied by heat treatments up to 1000 K. The addition of cysteine has strongly
decreased the grain size and increased the dislocation density as well as the hardness. The
structure formed is similar to that of saccharin, but it has a harder and much better thermal
stability for which the incorporated sulfur is responsible. For low-medium heat treatment
(500 Kelvin), the layer deposited from cysteine containing bath reacts with a hardening
similar to that of the saccharine layers, but in the latter case the hardness increase is typically
+ 10%, while cysteine can increase by up to 30-40%.
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A B | I
TEM micrograph of sample deposited form bath containing 0.4~g/| cysteine as-deposited (A), and after 400, 500, 600 and 750~K
heat treatments (B-E)

Kalibracios eljaras fejlesztése aberraciokorrigalt Themis mikroszkopon a

SAED pontossaganak javitasara
Czigany Zsolt ', Kovacsné Kis Viktéria !

! Energiatudomanyi Kutatokozpont, Budapest Konkoly-Thege Miklos ut 29-33

czigany.zsolt@ek-cer-hu

A munka célja, hogy a kisérleti és kiértekelési eljaras finomhangolasaval javitsuk az
elektrondiffrakcio (SAED - selected area electron diffraction) reprodukalhatosagat és
abszolut pontossagat. A Williams and Carter (2009) elektronmikroszkopos kézikonyv
becslése  szerint a  racssiktdvolsdgok 1-3%  pontossdggal  hatdrozhatok  meg
elektrondiffrakcidval belsé standard alkalmazédsa nélkiil. A nagy bizonytalansag oka, hogy
fokuszalt elekrondiffrakcidt kiilonféle a mintamagassadg, megvilagitas és diffrakcids fokusz
beallitasok mellett lehet rogziteni. Ezen a fenti paraméterek standardizalasaval lehet javitani.
Ennél jobb pontossdg (~0.1%) belsd standard hasznalataval érhetd el. Mivel a diffrakcio
pontossagat befolydsold tényezdk részletes vizsgalata az irodalomban hianyzik, hasonlo
korlatokkal talaljuk szemben magunkat aberraciokorrigalt TEM esetében is. A korszerli
aberraciokorrigalt mikroszkopok gyorsitofesziiltsége €s lencsearamai kb. egy nagysagrenddel
stabilabbak a hagyomanyos mikroszkdépokhoz képest. A téremisszios elektronforrasok (FEG)
koherens megvilagitast biztositanak ~0.7eV energiaszorassal. Ez alapjan varhat6, hogy
aberraciokorrigalt mikroszkdpban pontosabb eredmény érhetd el. Kisérleteinket az MFA
200kV-os  aberraciokorrigalt Themis (Thermo Fisher) mikroszképjan végeztiik
(pontfelbontas: 0.8A, Schottky FEG). A diffrakcidkat 4kx4k Ceta kameraval rogzitettiik a
Velox (Thermo Fischer) szoftvert haszndlva. A 16 bites tiff formatumban exportalt
felvételekbdl az 1D intenzitds eloszldsokat a Process Diffraction szoftverrel nyertiik ki. A
program hasznalatakor nagy gondot forditottunk a diffrakci6 kozepének (X, Y), az a
leképezés hidnyossagaibol adddo elliptikus torzitas € és o paramétereinek meghatarozasara. A
kamerahossz pontos kalibralasara réz réteget hasznaltunk, melyet egy nanokristalyos grafén
hartyaval boritott TEM rostélyra ndvesztettiink DC porlasztassal. A mintamagassag ¢és a
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megvilagitasi  feltételek reprodukéalasaval a lencsearamok 3x10-4 pontossaggal
reprodukalhatok voltak. Ennek koszonhetdéen a kamerahossz reprodukalhatdsaga is 3x10-4
szintre javult. A kiértékelési folyamatban a kdzéppont és az elliptikus torzitas korrekciojaval
a gyuriatméroket (racssiktavolsagokat) 10-3 abszolut pontossidggal tudtuk mérni. Ez a
pontossag belsd standard nélkiil kozeliti a rutin laboratériumi rontgendiffrakcid pontossagat.
Az eljaras tovabbi eldonye hogy csokken az elektrondiffrakcios mérésben az instrumentalis
kiszélesedés, ami lehetévé teszi kozeli reflexiok felbontasat (Ad=0.05A) (1. 4bra) és
pontosabb bemend adatokat szolgaltat tovabbi nanoszerkezeti analizishez (pl. Rietveld).
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Abra 1: (a) Tipikus [001] textirat mutaté SAED fogzomdncrol. (b) 002 gyiirii azimutalisan integralt intenzitdsa egy 15 pixel
szélességii savban. (c) A 030 gyiirii feloldhato az 112 mellett. (d) 030 gyiirii azimutalisan integralt intenzitasa egy 8 pixel szélességii
savban, amely a texturalt mintaban két kristalypopulacio jelenlétére utal (A és B, egymastol 45°-ra).

Calibration procedure to improve the accuracy of SAED in aberration

corrected Themis
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The aim of this work is to demonstrate that fine tuning of experimental and evaluation
parameters can improve the accuracy and reproducibility of selected area electron diffraction
(SAED) close to that of conventional laboratory X-ray diffraction (XRD) equipment. A
conservative estimate, according to the famous handbook by Williams and Carter (2009), for
the accuracy and reproducibility of interplanar (d) spacing determination from electron
diffraction is 1-3% without internal standard. The primary reason for this degree of
uncertainty is that a focussed diffraction pattern can be achieved by different combination of
specimen height, illumination conditions and diffraction focus giving rise to different camera
length (CL) values and widths of diffraction rings. This can be improved by application of
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standard acquisition parameters to achieve of reproducible TEM settings. Higher accuracy
(~0.1%) can only achieved by application of internal standard. Since systematic study of the
effect of these parameters on the data is missing, similar estimates apply for the error of
camera length in a recent aberration corrected transmission electron microscopes.
State-of-the-art aberration corrected microscopes have an order of magnitude better
acceleration voltage and lens current stability compared to conventional TEMs, which
implies an order of magnitude better reproducibility and accuracy in electron diffraction.
Besides the stability of acceleration voltage and lens currents, field emission gun (FEG)
electron sources provide a coherent electron beam with typical energy spread of 0.7eV which
also decrease the instrumental broadening. We performed our study in a Themis (Thermo
Fisher) TEM with Cs correction in the imaging system (spatial resolution in HRTEM mode
0.8A), operated at 200kV and equipped with Schottky field emission gun (FEG) having an
energy spread of ~0.7e¢V. SAED patterns were recorded by a 4kx4k Ceta camera using Velox
software (Thermo Fischer). The diffraction patterns were exported in 16 bit tiff format and
1D diffraction profiles, containing intensity distribution as function of scattering angle, were
obtained using Process diffraction software. The software allows visual fit and refinement of
centre of the pattern (X, Y), eccentricity (€) and its angle (o) together with calibration of
camera length. By careful control of specimen height and illumination conditions (by
monitoring lens currents) it was possible to reach a session to session reproducibility better
than 3x10-4 for camera length. Refinements of the centre of the diffraction pattern and
corrections for lens distortions (ellipticity of rings) allowed for determining the ring
diameters with an accuracy of 10-3. For determination calibration purposes we deposited a
polycrystalline Cu layer on TEM grid coated with nanocrystalline graphene. The achieved
accuracy of 10-3 for lattice spacing measurement without internal standard is compatible with
that of XRD, and reduction of instrumental broadening due to the elaborated evaluation
procedure allows for separation of close reflections and provides more reliable ring width and
thus improved input parameters for further nanostructure analysis as demonstrated on dental
enamel bioapatite (Figure 1).
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Figure 1: (a) A typical SAED pattern of dental enamel cross section showing strong [001] texture. (b) Azimuthally integrated
intensity profile of 002 reflections in a 15 pixel wide ring. (c) 030 diffraction ring can be resolved (separated from 112), and (d)
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azimuthal intensity profile of the 030 reflections obtained after integration in an 8 pixel wide ring shows two sets of crystallite
population A and B separated by approximately 45°.

A kozvilagitas hatasa a nyugati ostorfa (Celtis occidentalis L.) anatomiajara és

élettanara
Siska Fléra ', Dani Magdolna 2, Skribanek Anna *

! ELTE Kornyezettudomdanyi Doktori Iskola,, * ELTE Savaria Egyetemi Kozpont Berzsenyi Daniel Pedagogusképzé Kézpont

siska_flora@hotmail.com

Bevezetés A kozvilagitasban alkalmazott fényforrasok fejlesztése az elmult évtizedekben
rendkiviil gyors liteml. Egy-egy telepiilés ¢jszakai megvilagitidsa ennek kdszonhetden
tobbféle utcai lampatipussal is megtorténhet. A hagyomanyos izzoék és a modern LED
fényforrasok kozott jelentds fényintenzitas kiilonbség mutatkozik, de az egyre nagyobb teret
nyeré6 LED fényforrasok kozott is tobb kiilonbozé hullamhosszosszetételii tipus ismeretes.
Vizsgalataink célja az ¢jszakai mesterséges megvilagitds novényi életmiikodésekre gyakorolt
hatasanak tanulméanyozéasa volt. Munkank kezdetén elsddlegesen a hagyomanyos utcai
megvilagitas mellett €16 novények egyedeit vizsgaltuk, majd ugyanezen egyedeket (lampatest
cserét kovetden) kiilonboz6 LED megvilagitdsok mellett is tanulméanyoztuk. Anyag és
moddszer Vizsgalataink soran Osszefiiggéseket kerestiink a nyugati ostorfa (Celtis occidentalis
L.) makro- és mikromorfologiai, illetve fotoszintézis é€lettani paraméterei €s az ¢&jszakai
mesterséges tobblet fény hatdsa kozott. A mintavételezés soran egy-egy egyed
fényszennyezett (lampa alatti) és nem fényszennyezett (lampatdl ellentétes oldali) leveleit
gytijtottiik be. Osszesen 3 koztéri lampatipus hatdsanak vizsgalataira adodott lehetdségiink: a
nagynyomdsu Na-lampaéra (HPS) és két eltéré hullamhosszosszetételi LED lampaéra
(3000K, illetve 2400 K fdiddszakban és 1900 K a késd éjszaka, hajnali ordkban). A
makromorfologiai paraméterek mérése soran fényszennyezett €s nem fényszennyezett levelek
tomeg, hosszlsag és szélesség adatainak felvétele tortént meg. A levél morfometriai- és
anatomiai jellemzo6it fény- és scanning elektronmikroszkdpos felvételeken tanulményoztuk,
tovabba vizsgaltuk a fotoszintetikus teljesitményiiket klorofill fluoreszcencia indukcids
eljarassal (Imaging PAM M), valamint nett6 fotoszintézis meghatarozasaval (LICOR-6400).
Eredmények Szignifikans kiilonbség nem mutatkozott az eltérd éjszakai megvilagitasu
hagyomdnyos natriumlampa altal fényszennyezett egyedeik leveleinek tomege, mely
jelentésen kiilonbozott az €jszaka sotétben 1évo levelekhez képest. A levelek szovettandban
latvanyosabb eltéréseket mutatott. A szini kutikula szignifikdnsan vastagabb, a szini
epidermisz magasabb volt a HPS altal fényszennyezett levelek esetében. A levélvastagsag,
illetve a paliszad parenchima sejtek magassaga szintén jelentdsen nagyobb volt a HPS és a
3000 K szinhomérsékleti LED lampak hatasara. A HPS és 3000 K szinhdmérsékleti LED
lampak szignifikdnsan novelték, a 2400-1900 K szinhdmérsékletli fénykibocsaté diodak
csokkentették a fotoszintézis intenzitdsat és a fotorendszerek kiépitettségét is. Az éjszakai
tobbletfény képes befolyasolni a nyugati ostorfa morfoanatomiai €s fotoszintézis élettani
paramétereit. A mesterséges vilagitds hatdsanak kimenetele nagyban fiigg a kozvilagités
tipusatdl. A nagyobb intenzitdsu, tobb hullamhossztartomannyal rendelkezd fényforras a
levelek fejlodésére ¢és a fotomorfogenetikus folyamatokra pozitivan hat a nyugati ostorfa
esetében. A szlikebb ¢és alacsonyabb spektrumi modern LED-lampdk valtozatos
eredményeket mutatnak: a levelek szovettani paramétereit nem befolyasoltak, a fotoszintézis
hatdsukra eltéréen alakult. Koszonetnyilvanitds A munka az EFOP-3.6.2-16-2017-00014
,Nemzetkozi kutatasi kornyezet kialakitasa a fényszennyezés vizsgalatanak tertiletén” projekt
tamogatasaval késziilt.
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Kiilonbozé éjszakai megvilagitasban részesiilé nyugati ostorfa levelek szévettani metszetei. 1.: Fényszennyezett HPS; 2.:
Nem-fényszennyezett HPS A: ventrdlis kutikula; B: ventrdlis epidermiszsejt; C: oszlopos taplalékkészits alapszévet
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Introduction The development of light sources in public lighting has proved to be extremely
rapid in recent decades. Due to this, the night lighting of a settlement can be done with
several types of street lamps. The most striking difference between traditional light bulbs and
more modern LED light sources is in the intensity of light, however, several types of LED
light sources are gaining ground. Their wavelength composition is also different. The aim of
our research was to study the effect of artificial lighting at night on plant life. We first
examined the specimens of plant species living under traditional street lighting, and then
studied the same specimens (after changing the luminaire) under different LED lamps.
Material and method In our studies, we searched for correlations between the macro- and
micromorphological and photosynthetic physiological parameters of the common hackberry
(Celtis occidentalis L.) and the effect of artificial light at night. During sampling,
light-contaminated (under the lamp) and non-light-contaminated (opposite to the lamp) leaves
of each individual were collected. studied the effect of 3 types of public lamps: the
high-pressure Na-lamp (HPS) and two LED lamps with different wavelength compositions
(3000K; 2400 K (main period) -1900 K (late night, dawn). The morphometric and anatomical
characteristics of the leaf were studied by light and electron microscopy, and their
photosynthetic performance was examined by chlorophyll fluorescence induction (Imaging
PAM M) and net photosynthesis (LICOR-6400). Results There was no significant difference
in the macromorphology of the leaves with different night illumination for the three lamp
types. An exception was the mass of the leaves of their individuals, which were exposed to
light by a traditional sodium lamp, and differed significantly from the leaves in the dark at
night. Histological examination of the leaves showed more spectacular abnormalities. The
ventral cuticle was significantly thicker and the ventral epidermis was higher in the leaves
under HPS lamps. Leaf thickness and height of palisade parenchyma cells were also
significantly higher under HPS and 3000 K color temperature LED lamps. HPS and 3000 K
color temperature LED lamps were significantly increased, and 2400-1900 K color
temperature light emitting diodes also reduced the intensity of photosynthesis and the
development of photosynthetic system. Excess light at night can affect the morphoanatomical
and photosynthetic physiological parameters of the common hackberry. The outcome of the
effect of artificial lighting depends largely on the type of public lighting. The higher intensity
light source with several wavelengths has a positive effect on leaf development and
photomorphogenetic processes in the light of the studied species. Modern LED lamps with a
narrower and lower spectrum show varied results: the histological parameters of the leaves
are not affected, photosynthesis develops differently under their influence. Acknowledgement
The study was carried out thanks to the support of the EFOP-3.6.2-16-2017-00014 project
entitled “Developing an international research setting in the field of light pollution research”
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Histological sections of common hackberry (Celtis occidentalis L.) exposed to different night illuminations. 1.: Light polluted HPS;
2.: Non-light polluted HPS A: ventral cuticle; B: ventral epidermis cell; C: palisade parenchyma cell

Transmission Electron Microscopy of Ceria Supported Metal Nanoparticles
li Shan Malik

! University of Szeged Department of Applied & Environmental Chemistry

alishan_malik321@hotmail.co.uk

CeO2 supported metal nanoparticles (Pd and PdZn) and nanoclusters (Ru, Pt and Rh) were
prepared via facile synthesis procedure and tested for high-pressure CO2 hydrogenation.
Nanostructure morphology of metal supported samples were analyzed using transmission
electron microscopy (TEM) to understand and visualize the morphology in a more tangible
manner. HR-TEM images showed that PdZn nanoparticles, present over the surface of CeO2,
were well-dispersed and thermally stable even after the reaction. PdZn particles are found to
be uniformly distributed over CeO2 by STEM and corresponding EDS analysis. HR-TEM
image showed aligned lattice fringes parallel to each other. The lattice space is approximately
equal to 0.21nm which matches exactly with the PdZn alloy (111) d-spacing obtained from
XRD results for this sample. Characteristics d-spacing (111), (200), (220) and (311) of CeO2
along with PdZn d-spacing (111), (200) and (201) are quite evident from the SAED (Selected
area electron diffraction) pattern of the tested sample. Around 120 particles were selected to
estimate particle size distribution (PSD) and showed that the majority of particles were found
to be in the range of 3—6 nm. EDS image showing the presence of metals and EDS ternary
diagram obtained after mapping over 200cnm2 exhibiting atomic concentration of
Pd0.56Zn0.35Ca0.09 in 0.5Ca5P5ZC. So it is quite obvious from the XRD, HRTEM, STEM
and EDS results that well dispersed, uniformly distributed nano-structured PdZn alloy
formation was successfully achieved over CeO2 with a simple chelating method in this study.
In NCs synthesis, < 2nm Pt, Ru and Rh NCs were anchored over CeO2 and TEM image
showed that after anchoring onto the support the NCs particle size distribution is still well
below 2 nm.
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Transmission Electron Microscopy of Ceria Supported Metal Nanoparticles
Ali Shan Malik '
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CeO2 supported metal nanoparticles (Pd and PdZn) and nanoclusters (Ru, Pt and Rh) were
prepared via facile synthesis procedure and tested for high-pressure CO2 hydrogenation.
Nanostructure morphology of metal supported samples were analyzed using transmission
electron microscopy (TEM) to understand and visualize the morphology in a more tangible
manner. HR-TEM images showed that PdZn nanoparticles, present over the surface of CeO2,
were well-dispersed and thermally stable even after the reaction. PdZn particles are found to
be uniformly distributed over CeO2 by STEM and corresponding EDS analysis. HR-TEM
image showed aligned lattice fringes parallel to each other. The lattice space is approximately
equal to 0.21nm which matches exactly with the PdZn alloy (111) d-spacing obtained from
XRD results for this sample. Characteristics d-spacing (111), (200), (220) and (311) of CeO2
along with PdZn d-spacing (111), (200) and (201) are quite evident from the SAED (Selected
area electron diffraction) pattern of the tested sample. Around 120 particles were selected to
estimate particle size distribution (PSD) and showed that the majority of particles were found
to be in the range of 3—6 nm. EDS image showing the presence of metals and EDS ternary
diagram obtained after mapping over 200cnm2 exhibiting atomic concentration of
Pd0.56Zn0.35Ca0.09 in 0.5Ca5P5ZC. So it is quite obvious from the XRD, HRTEM, STEM
and EDS results that well dispersed, uniformly distributed nano-structured PdZn alloy
formation was successfully achieved over CeO2 with a simple chelating method in this study.
In NCs synthesis, < 2nm Pt, Ru and Rh NCs were anchored over CeO2 and TEM image
showed that after anchoring onto the support the NCs particle size distribution is still well
below 2 nm.
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Femtoszekundumos SRS mikroszkopi képalkoto rendszer spektralis

fokuszalassal
Vaczi Tamas ', Veres Miklos !

! Wigner Fizikai Kutatokézpont, Szilardtestfizikai és Optikai Intézet

vaczi.tamas@wigner.hu

A stimulalt Raman-spektroszkopia (SRS) gyors, kémiailag szelektiv mikroszkopi képalkotast
tesz lehetdveé arra alkalmas mintakon. El6adasunkban bemutatjuk a stimulalt Raman-szoras
jelenségét, illetve a femtoszekundumos gerjesztés mellett alkalmazhatéd spektralis fokuszalés
tulajdonsagait, az erre épiild multimodalis SRS-mikroszkopi képalkotas sajatossagait és
alkalmazasi lehetdségeit. A Wigner Fizikai Kutatokdzpontban kialakitott SRS-képalkotd
rendszer magja egy kétfotonos optikai mikroszkop tiikros pasztdzassal. Ennek a
mikroszkdpnak az optikai bemenetéhez illesztettiink Osszetett optikai rendszeren keresztiil
egy két kimend fényuttal rendelkezd lézerforrast, melyben az egyik hulldmhossz széles
tartomanyban hangolhat6. Ez a kialakitas lehetdvé tesz tobb, akar parhuzamos képalkotasi
modalitast: az SRS mellett kétfotonos fluoreszcens emisszidt, masodharmonikus-keltést is
lehet vizsgalni, valaszthatéan nyujtott (2-3 ps) vagy rovid (2-300 fs) 1ézerimpulzusokkal.
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Valume Viewer

Fonalas alga (Spirogyra sp.) mikroszkopi preparatumardl készitett SRS-mikroszkopi kép. 82 mélységi optikai metszetbdl készitett 3D
rekonstrukcio. Az algafonal atmérdje kb. 100 um.

An introducion to a spectrally focused femtosecond SRS microscopy system
Tamas Vaczi ', Miklos Veres '

! Institute for Solid State Physics and Optics, Wigner Research Centre for Physics

vaczi.tamas@wigner.hu

Stimulated Raman spectroscopy (SRS) is a fast, chemically selective method applicable to
the microscopy of suitable samples. The presentation will introduce the phenomenon of
stimulated Raman scattering, and outline the properties of femtosecond excitation combined
with the method called spectral focusing (SF-SRS). The peculiarities and application
examples of a multimodal SF-SRS system will be described. The core of the SRS imaging
system constructed at the Wigner RCP is a two-photon scanning optical microscope. This
microscope is fed with laser beams from a dual-output source, one of which is tunable in a
broad range, though a complex optical system. This layout allows multiple simultaneous
imaging modalities: in addition to SRS, it is possible to record two-photon fluorescence
emission or second harmonic generation with optional stretched (2—-3 ps) or short (2-300 £5s)
laser pulses.
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Projection of a 3D volume reconstruction, obtained from a z-stack of 82 SRS image frames, recorded on a Spirogyra single filament
from a prepared slide. The filament is approx. 100 um thick.

A TEM szerepe a Qubitek fejlesztésében
Janos L. Libar ', Béla Pécz ', Francesca Chiodi *, Fabrice Nemouchi *, Zhen Zhang ¢, Shi-Li Zhang *,
Francois Lefloch *

! EK-MFA,, ? C2N-Paris Saclay,, > CEA-Grenoble,, * Uppsala University

labar.janos@ek-cer.hu

Ez az eldadds egy 0j Quant-ERA projekt, a “Superconducting Silicon Qubit in CMOS
Technology (SIQUOS)” els6 eredményeit ismerteti. A projekt 2022. 4prilis 1-én indult. A
SIQUOS projekt célja, hogy megvaldsitson €s tanulmanyozzon egy Si gatemon qubit-et, ami
a gate-vezérelt transmon qubit, ami Si Josephson térvezérelt tranzisztoron (JOFET) alapul és
csatolasdt mikrohulldimu rezonator biztositja. Ez valoban integralhaté és skalazhato
alternativat jelent a tisztdn fémes szupravezetd qubit-ekkel szemben. SiQUOS projekt a Si
JoFET-re fokuszal, ami egy Si tranzisztor szupravezetd source (S) ¢és drain (D)
kontaktusokkal, amik kozott a disszipacio-mentes szupraveezeto-aram egy elektrosztatikus
gate-tel modulalhatd. A szupravezetdé S&D kontaktusok anyagaul CMOS-kompatibilis
anyagokat, nevezetesen fém szilicideket és er0sen borral (B) adalékolt Si-t hasznalunk. Cél a
szupravezetd/Si (S/Sm) hatarfeliilet alapos tanulméanyozéasa szerkezeti, kémiai és alacsony
hémérsékleti transzport mérésekkel. Az eléadas a Si(B) mintdkon a TEM-ben elért elsd
eredményeket mutatja be. Kiilonb6z6 B-tartalmt Si(B) mintdkat vizsgaltunk a TEM-ben
FIB-bel vagott vékony lamelldkon. A mintdkat TEM-mel és energiadiszperziv rontgen
spektroszkopiaval (EDS) egy Super-X EDS detektorral felszerelt Titan Themis G2 200
STEM-ben elemeztiik. A gOombi hiba korrektor (Cs) a leképezésben van, mig a
sugarformalasban nincsen korrektor. A faziskontrasztt HRTEM kép felolddsa 0.08 nm a
STEM rendszam érzékeny (Z-kontraszt) leképezés felbontasa 0.16 nm (Fishione nagy szogi
gylrlis (HAADF) detektorral). A HRTEM felvételeket 200 keV-en egy 4k x 4k CETA 16
CMOS kameraval rogzitettiik. A B atomok okozta racstorzulast mértiik a Si(B) rétegben és
ebbdl hataroztuk meg a B tartalmat. A réteg vastagsaga latszik a HRTEM képek kontrasztjan.
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EDS-sel a TEM-ben nem tudjuk mérni a B koncentracidkat a nagy talfesziiltség, az alacsony
fluoreszcencia hozam és a nagy abszorpcié miatt. Az elektrondiffrakcié azt bizonyitotta, hogy
a rétegben ugyanaz a kristalyszerkezet, mint a Si-ban. A boérral adalékolt réteg B-tartalmanak
mérése a racsparaméter valtozasan alapult, amit a Si és B atomok eltéré mérete okoz. Az
ebbdl eredd torzulds és kristalyhibak jol latszanak mar a vildgos latoteri (BF) felvételeken is
a TEM-ben. Azonban csak a faziskontraszti nagyfeloldast (HRTEM) felvételek tették
lehetévé a torzulds kvantitativ mérését. E racsparaméter torzuldst a Vegard-szabaly
segitségével valtottuk B-koncentracid értékre. A bérnak elemi formaban nincsen kobos
valtozata, igy az elemi végpontokon alapuld Vegard-szabaly kozvetleniil nem hasznalhato
Si(B) réteg B-tartalmanak mérésére. Azonban a rontgendiffrakcios adatbazisban taldlhato a
Si-mal azonos szerkezetli Si-1%B, ami lehetdvé teszi a Vegard-szabaly alkalmazéasat. Ahogy
az abrardl lathatd, a B-ral adalékolt réteg vastagsaga 30 nm. Esetenként e réteg rétegzési
hibakat is tartalmaz. Kristalyhiba mentes teriileteket valasztva megmértiik mind a Si, mind a
Si(B) teriileteken a racstavolsagokat. A Si-ban mért értéket hasznaltuk aTEM nagyitasanak a
szokasosnal nagyobb pontossagii kalibralasara. Tobb felvétel kiértékelésébol azt kaptuk,
hogy a B-tartalom 7.15+£2.86 at% egy 30 nm vastag rétegben. A nagy szoras a lokalis
Strukturalis Alapok VEKOP-2.3.3-15-2016-00002 szamu tamogatdsa is segitette (a TEM
beszerzésen keresztiil).

i s O m)
Keresztmetszeti minta HRTEM képe. Az a-C és a Pt véddrétegeket a FIB vagas kezdetén vittiik fel a felszin megévdsa érdekében. SF
a rétegzeési hiba egyik végpontjat jelzi.
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Role of TEM in the development of Qubits
Janos L. Labar ', Béla Pécz ', Francesca Chiodi 3, Fabrice Nemouchi *, Zhen Zhang ¢, Shi-Li Zhang ¢,
Francois Lefloch *

' EK-MFA,, * C2N-Paris Saclay,, ° CEA-Grenoble,, * Uppsala University

labar.janos@ek-cer.hu

This is a first report on a new Quant-ERA project: “Superconducting Silicon Qubit in CMOS
Technology (SIQUOS)”. The project formally started on 1 April 2022. The aim of SIQUOS
is to realise and study a Si gatemon qubit, a gate tuneable transmon qubit composed of a Si
Josephson field-effect transistor (JOFET) coupled to a microwave resonator. It represents a
valid integrable and scalable alternative to fully metallic superconducting qubits. SIQUOS
will focus on the Si JoFET, i.e., a Si transistor with superconducting source and drain (S&D)
contacts, whose non-dissipative supercurrent can be modulated by an electrostatic gate.
CMOS-compatible metal silicides, heavily boron (B) doped Si will be used as the
superconducting S&D contacts. Structural, chemical and low-temperature electronic transport
characterization aims at comprehensive investigation of the superconductor/Si (S/Sm)
interface. The talk will present some preliminary results on Si(B) samples in the TEM. Si(B)
samples with different B-content were examined by TEM on thin lamellae cut by FIB. We
examine these samples by TEM and energy-disperse X-ray spectroscopy (EDS) in a Titan
Themis G2 200 STEM equipped with a four-segment Super-X EDS detector. A corrector for
the spherical aberration (Cs) is at the imaging part, while no probe-correction is present.
Image resolution limit is 0.08 nm in phase-contrast HRTEM mode, while resolution is 0.16
nm in STEM Z-contrast imaging mode (by using a Fishione high-angle annular dark-field
(HAADF) detector). HRTEM images were recorded at 200 keV with a 4k x 4k CETA 16
CMOS camera. Lattice distortion caused by the B atoms in the silicon was used to quantify
the B-content in the single crystalline Si(B) layer. Thickness of the layer was seen in the
HRTEM images. EDS in the TEM was unable to measure B properly, due to the extremely
high overvoltage, low fluorescence yield and high absorption. Electron diffraction proved
that the crystal structure in the layer is identical to that of Si. Measurement of both the B
concentration and the thickness of the B-doped layer were based on observation of the change
in the lattice parameter due to the difference in the atomic radii of Si and B. The resulting
strain and lattice defects made the layer visible even in the bright field (BF) image in the
TEM. However, it was only the lattice resolution image (HRTEM) recorded by phase contrast
that facilitated measuring the change in the local lattice parameter quantitatively. That
difference in lattice parameter was converted into local B concentration by using the Vegard’s
law. Boron in pure form cannot be found in cubic structure, so Vegard’s law cannot be
applied to the pure end-members of the oversaturated Si(B). However, the x-ray diffraction
database contains Si-1%B, which has the same crystal structure as Si, which still allows to
rely on Vegard’s law. As it is seen in the figure, the thickness of the B-doped layer is 30 nm.
It also contains stacking faults occasionally. Selecting regions without crystal defects, we can
measure the lattice parameter both in the layer and in the pure Si substrate. The latter one was
used to fine-tune the calibration of the magnification of the TEM. The result of measurements
on several images is that the B-content is 7.15+2.86 at% in a 30 nm thick layer. The large
standard deviation is probably a superposition of both local variation and measurement
uncertainty. This research was also supported by VEKOP-2.3.3-15-2016-00002 of the
European Structural and Investment Funds.
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HRTEM image from a cross section of the sample. The a-C and Pt layers are deposited prior to FIB milling to protect the original
surface. SF indicates one end of a stacking fault.

A hipotalamusz melanokortin sejtjeinek ultrastrukturalis valtozasai az
oregedés soran
Kapiller Matyas ', Dietrich Marcelo ‘, Matyas Ferenc " >3, Horvath L. Tamas " ‘, Riacz Bence !

! Allatorvostudomdnyi Egyetem, Anatomiai és Szovettani Tanszék, Budapest, Magyarorszdg, * Természettudomdnyi
Kutatokozpont, Budapest, Magyarorszag, * Kisérleti Orvostudomanyi Kutato Intézet, Budapest, Magyarorszag, * Yale
Egyetem, Osszehasonlito Orvostudomanyi Tanszék, New Haven, Amerikai Egyesiilt Allamok

bence.racz@gmail.com

A hipotalamusz melanokortin sejtjei kulcsfontossdgiak a metabolikus adaptacidban.
Miikodésiik mindsége hatarozza meg a kaloriakorlatozas élettartamra gyakorolt hatasat. Itt az
AgRP ¢és POMC sejtek intracellularis paramétereit vizsgaltuk kiilonbozé életkorokban
kvantitativ elektronmikroszkopiaval. Adataink azt mutatjdk, hogy az AgRP sejtek legtobb
paramétere stabil, azonban a POMC sejtek intracellularis szerkezete igen érzékeny a
valtozasokra. Megerdsitettiik, hogy az AgRP neuronok kisebbek a POMC sejtekhez képest.
Erdekes médon a lizoszomak siirtisége stabil az AgRP sejtekben, a POMC sejtekben azonban
az ¢letkor kozepéig csokken, majd az dregedés utolso szakaszdban ndvekszik. Fontos, hogy a
POMC sejtekben a rezidualis testek denzitasa folyamatosan nétt, mig az AgRP sejtekben ez a
ndvekedés kevésbé volt nyilvanvald. Osszehasonlitva ezeket a paramétereket olyan
allatokban, amelyeket standard étrenden (SD) vagy magas kaloriatartalmu étrenden (HFD)
tartottunk, azt talaltuk, hogy a POMC sejtekben, de a HFD éllatok AgRP sejtjeiben nem, a
maradéktestek szadma szignifikansan megndtt, hasonléan az oOregedéshez. A HFD
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bizonyitottan elSsegiti az Oregedessel Osszefliggd kronikus  betegségek  kialakulasat
egerekben. Osszességében az AgRP neuronok ellenallobbak az oregedéssel szemben, és a
HFD eldsegitheti a POMC sejtek dregedését.

r RO Tl >
500 nm Residual bodies

Elektronmikroszkopos felvételek az AgRP és POMC sejtek rezidudlis testjeirdl.

Ultrastructural changes of hypothalamic melanocortin cells during aging
Matyas Kapiller ', Marcelo Dietrich ¢, Ferenc Matyas * > *, Tamas Horvath * ¢, Bence Racz !

! University of Veterinary Medicine Budapest, Department of Anatomy and Histology, Budapest, Hungary, * Research Centre
for Natural Sciences, Budapest, Hungary, * Institute of Experimental Medicine, Budapest, Hungary, * Yale University,

Comparative Medicine, New Haven, United States

bence.racz@gmail.com

The hypothalamic melanocortin cells are pivotal to metabolic adaptation. The quality of their
function determines the effect of caloric restriction on lifespan. Here we examined the
intracellular parameters of AgRP and POMC cells at different ages using quantitative
electron microscopy. Our data show that most parameters of AgRP cells are stable, however,
the intracellular structure of POMC cells is highly susceptible to changes. We confirmed that
AgRP neurons are smaller, compared to POMC cells. Interestingly, the density of lysosomes
is stable in AgRP cells, however, in POMC cells they decrease until mid-age and then
increase in the last phase of aging. Importantly, the density of residual bodies in POMC cells
increased steadily, while this increase was less obvious in AgRP cells. Comparing these
parameters in animals that were maintained on either a standard diet (SD) or a high-calorie
diet (HFD) we found that in POMC cells, but not in AgRP cells of HFD animals, the number
of residual bodies was significantly increased, similar to aging. HFD has been shown to
promote the development of age-related chronic diseases in mice. Taken together, AgRP

neurons are more resistant to aging and HFD may promote ageing of POMC cells.
£ B 1L 3 Residual bodies
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Residual bodies
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Electron micrographs of residual bodies in AgRP (4) and POMC (B) cells
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