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Monday, August 24
Opening day

13:00-14:00 Registration & welcome coffee

14:00-14:45
Opening Remarks by Conference Chair [/vana Kutd Smatanovd]
Prologue by the USB and FSc USB representatives —
[Lucie Jerouskovad and Frantisek Vdchal
Prologue by the KreativEU representative - Valahia University of
Targoviste [Silviu Miloiu]

Prologue by the USB and KreativEU representative —

Member of Steering Committee [Radka Zdvodskd]
14:50 L1 - page s5
Pavlina Rezacova

130 years of seeing the invisible: The story of X-Ray Discovery

11:15

Isaac Rodriguez Ruiz

Nucleation under confinement: from salt weathering to
biomolecular phase transitions

12:00

Guillermo Escolano Casado L11 -s11
From petroleum-based plastics to biofilms: A journey through the
molecular heritage of plastics toward a more sustainable lifestyle

L10 -s10

13:00-14:30 Time for lunch

14:30 Escape room: https://www.saancb.cz/en/elementor-6124/

17:00-20:00 Work on student’s projects

15:35 Break, refreshment

16:00

Klaudia Hradil

X-ray Techniques in Structural Biology and Heritage Science
16:45

Silviu Miloiu, Lucia Novakova

Eco-Cultural Heritage: Conceptual Innovations and Applied
Methodologies for the 21st Century

17:45

Roman Tima

From the Braggs to Bill Astbury and the advent of modern structural
molecular biology

L2 —s6

L3 -s6

L4 —s7

Thursday, August 27
Excursion to Vienna (TU Wien X-Ray Centre)

8:30 Departure from Ceské Budéjovice

11:30 Visit to TU Wien X-ray Centre

12:30 Time for lunch

13:30-15:30
Expert Lecture &/or Meeting with a Senior Principal Scientist at
the TU Wien X-ray Centre (Scientific discussion)

16:00 Departure to Ceské Budéjovice

19:00-22:00
Networking & Get-to-Know Session, Informal Welcome Dinner

Tuesday, August 25
Lecture day and Lab hands-on Training

09:30

Katefina Teznerova

Development of targeted approaches for combating prostate
10:15

Claude Sauter

Development of targeted approaches for combating prostate

L5 —s8

L6 —s8

Friday, August 28
Advanced Lectures, Internationalization & Student
Presentations
09:30
Kanika Dulta L12 -s12

Green Nanotechnology in Cultural Heritage: Plant-Based
Nanoparticle Coatings as Protective Layers

10:15

Vitézslav Stranak L13 -s13
Functional nanostructured surfaces: from design to sensing
applications

11:00 Break, refreshment

11:00 Break, refreshment

11:15-12:30
Lab Walking Tour & Informal Networking

13:00-14:30 Time for lunch

14:30

Begiim Zeynep Hangerliogullari L7 —s9
Molecular Approaches for the Authentication and Preservation of
Turkish Geographical Indication Foods as Cultural Heritage

11:15

Milan Dopita

Exploring the Morphology and Structure of Fe-Based
Nanomaterials for Pharmaceutical Applications Using X-ray
Scattering Methods
12:00

Madria Hercegova
Internationalisation in Action: Trnava University’s Strategy and
Engagement in the KreativEU Alliance

L14 -s13

L15-s14

15:15 Laboratory Workshops by Altium (Hands-on Training)

13:00 Time for lunch

18:00-19:00 Guided Discussion: Reflection on Laboratory Results
and Methods

14:30-16:00 Students’ Project Presentations and Certificates
16:00-18:30 The festival “City for the People, People for the City
2026” - Cultural Heritage in Budweis

Wednesday, August 26
Lecture day
09:30 L8 —s9
Sergio Martinez-Rodriguez
Protein purification in and beyond the crystallography world
10:15 L9 —s10

Jose A. Gavira-Gallardo
Pharma & Biotechnological Use of Protein Crystals

Saturday, August 29
Cultural Heritage & Closing

10:00-12:00 Option 1 - The festival “City for the People, People for
the City 2026” - Cultural Heritage in Budweis

10:00-12:00 Option 2 - Meeting with course participants at the
faculty and final discussions

11:00 Break, refreshment

12:00 Official End of MoCuHer BIP 2026
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MoCuHer - MOLECULES IN CULTURAL HERITAGE

Ceské Budéjovice, 24.8.-29.8. 2026

August 24, Monday

L1

130 YEARS OF SEEING THE INVISIBLE: THE STORY OF X-RAY DISCOVERY

Pavlina Reza¢ova

Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo nam. 2,
16610 Prague, Czech Republic
rezacova@uochb.cas.cz

In November 1895, the German physicist Wilhelm Conrad
Rontgen made a discovery that changed science and medi-
cine. While working with a Lenard discharge tube in his
laboratory at the University of Wiirzburg, he noticed some-
thing strange. Although the room was completely dark and
the tube was covered with black cardboard, a screen coated
with barium platinocyanide began to glow. Rontgen real-
ized that invisible rays were coming from the tube and
passing through the cardboard. He closed himself in the
laboratory for seven weeks and soon discovered that these
rays could pass through many materials, such as wood and
paper, but were blocked by denser materials, such as lead
and bone.

The most famous moment in this story happened on De-
cember 22, 1895, when Rontgen took the first medical
X-ray image. For this experiment, he used the hand of his
wife, Bertha Rontgen. When the image was developed, it
clearly showed the bones of her hand and her wedding ring.
Although, like many women in the 19th century, Bertha
was an invisible supporter of her husband’s career, this im-
age made her famous. Through the picture of her hand, she
became part of the history of science and medicine.

Rontgen quickly shared his results by sending copies of
his paper “On a new kind of rays” [1], and photographs to
scientists around the world on New Year’s Day in 1896.
News of this “sensational discovery” spread around the
world very quickly. The Viennese newspaper Die Presse
published the breakthrough on January 5, followed closely
by British newspapers The Daily Chronicle and German
Der Standard.

People were fascinated by the idea of “seeing the invis-
ible.” Because Rontgen chose not to patent his discovery,

doctors and scientists everywhere could begin using
X-rays almost immediately around the world. Interest-
ingly, the first recorded medical use of X-rays in Australia
dates to early 1896, when William Henry Bragg, then a
professor at the University of Adelaide, used home-made
equipment to produce an X-ray photograph of his
six-year-old son’s arm after a tricycle accident. Years later,
the father and son collaborated to study how X-rays inter-
act with crystals and in 1915, they were jointly awarded the
Nobel Prize in Physics for their work.

Other well-known inventors, including Thomas Edi-
son, also began developing X-ray devices such as the fluo-
roscope. However, this early period also revealed the
dangers of radiation, including the tragic death of Edison’s
assistant, Clarence Dally, from radiation exposure.
Rontgen received the first ever Nobel Prize in Physics in
1901. Today, X-rays are indispensable tools in medicine,
industry, are and science.

This lecture is tailored for a general audience to make
Rontgen’s discovery accessible and engaging. It features a
practical demonstration using props from the theatre play
written by Pavlina Rezadova and performed by the non-
professional group Scéna Kralupy nad Vltavou[2].

1. Rontgen, W. (1895). Ueber eine neue Art von Strahlen.

Vorldufige Mitteilung, Aus den Sitzungsberichten der
Wiirzburger Physik.-medic. Gesellschaft Wiirzburg.

2.http://www.scenakralupy.cz/nase-hry/berta-rtg-jako-bych-vid
ela-svou-smrt/.

© Krystalograficka spoleé¢nost
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X-RAY TECHNIQUES IN STRUCTURAL BIOLOGY AND HERITAGE SCIENCE
Klaudia Hradil, Valentina Ljub¢ Tobisch

X-ray center, TU Wien, Wien, Austria
klaudia.hradil@tuwien.ac.at

Crystallography plays a central role in heritage science be-
cause it enables the minimally invasive or non-destructive
characterization of cultural and natural heritage materials
at the atomic and microscopic scales. For countries such as
Austria and the Czech Republic, which share a rich cultural
and industrial heritage, the targeted application of crystal-
lographic methods is essential for preserving historical
artefacts, monuments, and natural heritage while ensuring
the efficient use of limited scientific and financial re-
sources. Modern laboratory facilities, complemented by
large-scale research infrastructures, provide a cost-effec-
tive and comprehensive analytical framework for heritage
investigations.

The crystallographic toolbox includes single-crystal
and powder X-ray diffraction (SCXRD and PXRD), pair
distribution function (PDF) analysis, electron diffraction

L3

(ED), small-angle X-ray scattering (SAXS), X-ray fluores-
cence (XRF), and complementary spectroscopic tech-
niques. Together, these methods reveal crystal structures,
phase composition, degradation and corrosion processes,
manufacturing technologies, and previous conservation
treatments, thereby providing the scientific basis for sus-
tainable conservation strategies and evidence-based resto-
ration.

The following lecture will discuss the role of crystallogra-
phy in heritage science, highlighting its scientific, cultural,
and economic impact through selected examples from Aus-
tria and the Czech Republic, and demonstrating how com-
plementary crystallographic methods contribute to the
preservation and understanding of our shared cultural and
natural heritage.

ECOCULTURAL HERITAGE IN ENVIRONMENTAL CHANGE: ADAPTATION, AGENCY
AND JUSTICE

Lucia Novakova', Silviu-Marian Miloiu?

"Department of Classical Archaeology, Trnava University in Trnava, Trnava, Slovakia
2Doctoral School, Faculty of Humanities, Valahia University of Targoviste, Targoviste, Romania
lucia.novakova@truni.sk

Heritage governance still separates cultural significance
from ecological value, although places, practices and spe-
cies often acquire meaning through the same relations.
Ecocultural heritage is used here as a relational analytical
framework for examining how ecological processes, cul-
tural practices, institutions and material traces jointly pro-
duce heritage value. It differs from biocultural heritage,
which foregrounds linked biological and cultural diversity,
and from cultural landscape classifications, which remain
bounded by particular administrative traditions. More-
than-human heritage extends agency beyond people;
ecocultural analysis asks how that agency enters decisions
and with what consequences [1, 2].

This critical conceptual review examines when an
ecocultural approach can connect climate adaptation,
more-than-human agency and heritage justice without
erasing institutional distinctions or local conflict. The re-
view does not claim systematic coverage. Instead, it com-
pares ontological assumptions, treatments of change and
loss, forms of agency and implications for governance. The
analysis also distinguishes theoretical propositions from
policy commitments, management guidance and evidence
of local implementation.

The synthesis identifies partial convergence rather than
a single paradigm. Climate adaptation exposes the limits of
preserving material fabric unchanged, yet decisions to
transform a place or accept loss remain politically charged
[3, 4]. Integration can reveal dependencies hidden by sepa-
rate protection regimes, but it may also weaken specialised
safeguards, blur institutional responsibility and conceal un-
equal interests beneath consensual language. More-than-
human approaches widen the field of care, although recog-
nising a river, forest or species as an actor does not deter-
mine who may represent it. Such representation requires
transparent mandates, contestable evidence and account-
able decisions [5, 6].

These problems become sharper when authority and
justice are considered together. Western theory should not
present long-standing Indigenous accounts of human-envi-
ronment relations as a recent academic discovery [7]. Nor
should Indigenous peoples or local communities be treated
as unitary constituencies, since knowledge, authority and
vulnerability are situated and may be disputed. Biocultural
governance shows why community leadership matters, but
participation alone does not settle conflicts between eco-
logical integrity, cultural continuity and material authentic-
ity [8]. Choices about protection, managed change or

© Krystalograficka spoleénost



&

Materials Structure, vol. 32, no. 2a (2026)

s7

relinquishment therefore require attention to who decides,
who benefits and who bears cultural, social and material
costs.

The proposed framework begins by specifying the ob-
ject of care and the relations through which it gains signifi-
cance. It then examines who can speak and decide, how
benefits and burdens are distributed, and which assump-
tions govern adaptation or loss. Finally, it locates each
claim at the level where it can be supported, separating con-
ceptual argument from policy intent and demonstrated
practice. Ecocultural integration is defensible only when it
keeps conflicts visible, preserves necessary institutional
protections and permits decisions to be revised as ecologi-
cal and social conditions change. Under those conditions, it
offers a rigorous basis for heritage management without
turning relationality into an abstract promise of harmony.

1. Harrison, R. Beyond “natural” and “cultural” heritage: To-
ward an ontological politics of heritage in the age of the
Anthropocene. Heritage & Society 8, 24-42 (2015).

2. Palacio, R. D. & Goli, S. Bridging the nature—culture di-
vide: A biocultural reclassification of the World Heritage
Sites. Ecology and Society 30, Art. 31 (2025).

L4

3.  Seekamp, E. & Jo, E. Resilience and transformation of her-
itage sites to accommodate loss and learning in a changing
climate. Climatic Change 162, 41-55 (2020).

4. Holtorf, C. Embracing change: How cultural resilience is
increased by cultural heritage. World Archaeology 50,
639-650 (2018).

5. Sterling, C. Critical heritage and the posthumanities: prob-
lems and prospects. International Journal of Heritage
Studies 26, 1029-1046 (2020).

6. Roudavski, S. & Rutten, J. Towards more-than-human her-
itage: Arboreal habitats as a challenge for heritage preser-
vation. Built Heritage 4, Art. 3 (2020).

7. Todd, Z. An Indigenous feminist’s take on the ontological
turn: “ontology” is just another word for colonialism. Jour-
nal of Historical Sociology 29, 4-22 (2016).

8. Lyver, P. O’B. et al. Building biocultural approaches into
Aotearoa—New Zealand’s conservation future. Journal of
the Royal Society of New Zealand 49, 394—411 (2019).

FROM THE BRAGGS TO BILL ASTBURY AND THE ADVENT OF MODERN
STRUCTURAL MOLECULAR BIOLOGY

Tomas Bily'?, David Kaftan?®, Jakub P$enéik®, Rebecca F. Thompson®, Roman Tima"®

"Faculty of Science, University of South Bohemia, Czech Republic
?Institute of Parasitology, Czech Academy of Sciences, Czech Republic
3Institute of Microbiology, Algatech, Czech Academy of Sciences, Czech Republic
*Faculty of Mathematics and Physics, Charles University, Czech Republic
SAstbury Centre for Structural Molecular Biology, University of Leeds, United Kingdom

The Bragg law underpins interpretation of X-ray diffrac-
tion patterns of crystals as well as other partially ordered
systems. We will first turn back the clocks to the beginning
of the 20" century and look at the early developments of
X-ray diffraction and its connection to the University of
Leeds where the data underpinning the famous law were
collected. Subsequently, Bill Astbury was recruited to the
University of Leeds to take over the Bragg legacy and ap-
plied X-ray diffraction to textiles. We will discuss how this
work fundamentally contributed to the study of biological
material and paved way to the discovery of DNA structure.
In the end we will return to the present day Astbury
Biostructure Laboratory and illustrate the complementarity

of X-ray scattering and electron cryo-microscopy in the
study of partially ordered biological assemblies.

1. Jenkin, John. William and Lawrence Bragg, Father and
Son: The Most Extraordinary Collaboration in Science.
OUP Oxford, 2008.

2. Hall, Kersten T. The Man in the Monkeynut Coat: William
Astbury and How Wool Wove a Forgotten Road to the
Double-Helix. OUP Oxford, 2014.

3. Tomas Bily, David Kaftan, Rebecca F. Thompson, David
Reha, Jakub Penéik, Roman Tuma (2026) Planar arrange-
ment of bacteriochlorophyll ¢ aggregates in chlorosomes
of Chloroflexus aurantiacus. Biophys. J., 125, 1494-1505..

© Krystalograficka spolecnost
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CELLULAR SECRETS UNVEILED: EVER WONDERED WHAT YOUR CELLS ARE UP
TO AT NIGHT?

K. Teznerova
Altium International s.r.o., Na Jetelce 69/2, 190 00 Praha 9

In recent years, digital holographic microscopy (DHM) has
gained widespread popularity as a convenient and reliable
tool for observing cell populations. Its user-friendly, fully
automated workflow enables long-term, label-free imaging
without the need for chemical stains or fluorescent labels,
which can introduce unwanted cytotoxic effects and inter-
fere with normal cellular behavior. By combining quantita-
tive phase imaging with non-invasive data acquisition,
DHM provides high-quality images while preserving the
natural characteristics and dynamics of living cells.

This gentle imaging approach eliminates the need for
disruptive sample preparation and allows continuous ob-
servation of cells with high spatial and temporal resolution.

Lé6

As a result, even subtle changes in cell morphology,
growth, migration, and proliferation can be accurately cap-
tured and quantified over extended periods.

By enabling real-time monitoring of cellular processes
in their native environment, DHM offers an innovative
platform for long-term live-cell imaging. Its ability to
provide quantitative, label-free measurements with
minimal disturbance to the sample has opened new
opportunities for studying complex biological processes
and has made DHM an increasingly valuable tool in fields
such as cell biology, microbiology, cancer research, drug
discovery, and tissue engineering.

tRNA IN THE HISTORY OF MOLECULAR AND STRUCTURAL BIOLOGY

Claude Sauter

Institut de Biologie Moléculaire et Cellulaire (IBMC), CNRS, University of Strasbourg (Unistra), France
c.sauter@ibmc-cnrs.unistra.fr

Transfert RNAs or tRNAs are central actors of the
translational machinery, playing the role of adapter mole-
cules in mRNA decoding by the ribosome during protein
synthesis. Their existence was first hypothesised by Fran-
cis Crick in 1955 to explain how to go from a genomic mes-
sage coded in four letters (the nucleotides that make up
DNA and RNA) to a polypetidic sequence of twenty letters
(the amino acids). tRNAs were the first RNAs whose struc-
ture was investigated by X-ray crystallography and long re-
mained the only source of 3D information on RNA [1].
They carry an astonishing diversity of chemical modifica-

tions that modulate their stability and functions. Indeed,
they participate in many other cellular processes such as
gene regulation, amino acid and cell wall biosynthesis, ini-
tiation of reverse transcription of viral genomes, etc. This
exploration of tRNA biology—from their discovery to re-
cent developments—will provide an overview on this fas-
cinating family of small RNAs and illustrate their unique
place in the history of molecular and strucural biology.

1. Fernandez-Millan, P. et al. Archives of Biochemistry and
Biophysics 602, 95-105 (2016).

© Krystalograficka spoleénost
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MOLECULAR APPROACHES FOR THE AUTHENTICATION AND PRESERVATION OF
TURKISH GEOGRAPHICAL INDICATION FOODS AS CULTURAL HERITAGE

Begiim Zeynep Hancerliogullari, Hasim Kelebek

Department of Food Engineering, Faculty of Engineering, Adana Alparslan Tiirkes Science and Technology
University, 01250 Adana, Tlirkiye

Traditional foods protected by geographical indication
(GI) status represent an important part of Tiirkiye’s cultural
heritage, reflecting regional biodiversity, traditional
knowledge, and local production practices. However, in-
creasing concerns about food fraud, adulteration, and mis-
labeling highlight the need for reliable scientific
approaches to support the authenticity and traceability of
these products.

This presentation provides an overview of current mo-
lecular approaches used for the authentication and preser-
vation of Turkish GI foods. DNA-based methods,
including DNA barcoding, molecular markers, quantitative

August 26, Wednesday

L8

PCR, and next-generation sequencing, enable accurate
species identification, origin verification, and adulteration
detection. In addition, emerging RNA-based approaches
offer complementary insights into microbial activity, fer-
mentation processes, and product quality.

The presentation will discuss how molecular tools, to-
gether with emerging foodomics approaches, contribute to
safeguarding culinary heritage by strengthening food au-
thenticity, traceability, consumer confidence, and quality
assurance. Future perspectives on the application of
foodomics for the sustainable preservation of traditional
foods will also be highlighted.

PROTEIN PURIFICATION IN AND BEYOND THE CRYSTALLOGRAPHY WORLD

Sergio Martinez-Rodriguez

Department of Biochemistry and Molecular Biology /Il and Inmunology, University of Granada
sergio@ugr.es

Protein purification is a critical prerequisite for biochemi-
cal, biophysical, and structural analyses [1]. However,
these biomolecules are also used at different purity levels
in economic sectors such as pharmaceuticals, human health
or feed industry, also becoming part of the cultural heritage
of different regions/countries (e.g., enzymes used in
food-making). Furthermore, protein purification is key in
cultural heritage methodologies, such as paleoproteomics,
allowing to decipher cultural heritage secrets [2,3]. In this
talk, we will summarize different protein production/puri-
fication methodologies commonly associated with the

structural biology world, which have also been embraced
by cultural heritage studies.

SMR is thankful for the support provided by Grant
C-EXP-120-UGR23 by Consejeria de Universidad,
Investigacion e Innovacion and ERDF Andalusia Program
2021-2027.

1. Li, Q. (2026). Protein Expr Purif. 241:106934.

2. Giuffrida, M.G., Mazzoli, R. & Pessione, E. (2018). Appl
Microbiol Biotechnol 102, 5445-5455.

3. Bertrand, C. et al. (2025). J. Cult. Heritage, 75:122—138.

© Krystalograficka spolecnost



s10 MoCuHer - Lectures

Materials Structure, vol. 32, no. 2a (2026) @

L9

THE ROLE OF PROTEIN CRYSTALS IN BIOTECHNOLOGY AND PHARMA

José A. Gavira

Laboratorio de Estudios Cristalograficos, IACT-CSIC, Avd. las Palmeras, 4, 18100 Armilla, Spain
J.gavira@csic.es

The crystallization of biomolecules has played a pivotal
role in pharmaceutical innovation, with insulin being the
first hormone successfully crystallized to obtain a pure and
stable form that transformed diabetes treatment and im-
proved the lives of millions of patients, its crystallization
not only enabled large-scale purification and stabilization,
but also established the foundation for modern pro-
tein-based therapeutics (Figure 1). Building on this legacy,
protein crystals have become essential tools for diverse ap-
plications ranging from structural biology to advanced
drug delivery. In the field of biocatalysis, enzymes exploit
their versatility, selectivity, and specificity to catalyze in-
dustrially relevant reactions under mild conditions. To ex-
tend their lifetime under extreme conditions and enhance
efficiency, enzymes can be immobilized in different sup-
ports, with Cross-Linked Enzyme Crystals (CLECs) offer-
ing one of the most robust and recyclable solutions [1].
CLECs are currently experiencing a renaissance, boosted
by advances in protein crystallization over the last two de-
cades and by the development of novel scaffold materials.
In this lecture, I will present how knowledge gained from
crystallization in convection-free environments has been
applied in our lab to produce protein crystals for biotechno-
logical applications, including: i) CLECs for the develop-
ment of enhanced, robust biosensors [2], ii) reinforced
cross-linked enzyme crystals (rCLECs) for large-scale en-
zymatic reactions with durable auto-supported catalysts
[3], and iii) reinforced protein crystals for controlled drug
delivery systems [4].

1. Jones, A. A. & Snow, C. D. Chemical Communications 60,
5790-5803 (2024).

2. Conejero-Muriel, M., eta al., Anal Chem 88, 11919-11923
(2016).

L10

Figure 1. In May 1921, Fredrick Banting met in John
Macleod’s lab to begin their experiments with insulin. In Jan-
uary 1922, the first person received an insulin injection. By
1923, insulin was commercially available. Banting and
Macleod received the 1923 Nobel Prize in medicine.

3. Fernandez-Penas, R., et al., Cryst Growth Des 21,
1698-1707 (2021).

4. Contreras-Montoya, R. et al. ACS Appl Mater Interfaces
13, 11672-11682 (2021).

NUCLEATION UNDER CONFINEMENT: FROM SALT WEATHERING TO
BIOMOLECULAR PHASE TRANSITIONS
Isaac Rodriguez-Ruiz

Laboratoire de Génie Chimique de Toulouse (LGC-CNRS), France
isaac.rodriguez-ruiz@cnrs.fr

Confinement can act both as a physical constraint and as an
experimental strategy for investigating nucleation mecha-
nisms that remain difficult to access in conventional bulk
experiments. By modifying nucleation probability, trans-
port phenomena, and the accessible range of super-
saturations, confined environments enable the exploration
of thermodynamic and kinetic regimes that are rarely

reached at larger scales. As a result, they provide a unique
framework for examining how phase-transition pathways
evolve under increasingly constrained and out-of-equilib-
rium conditions. Despite the apparent differences between
inorganic and biomolecular materials, common physical
principles often emerge when nucleation is examined at
small scales.

© Krystalograficka spoleénost
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This lecture will first introduce the fundamental effects
of confinement on nucleation dynamics before illustrating
these concepts through examples drawn from microfluidic
studies of crystallization and phase transitions. Particular
emphasis will be placed on the ability of droplet-based
microfluidics to isolate individual nucleation events, ac-
cess highly metastable states, and generate statistically sig-
nificant datasets under well-controlled conditions. To
illustrate the broad applicability of these concepts, exam-
ples will then be drawn from microfluidic investigations of
both inorganic crystallization and biomolecular phase tran-
sitions.

The first example will focus on inorganic salt crystalli-
zation in evaporating microdroplets. Under confinement,
evaporation-driven concentration enables the exploration
of extreme supersaturation conditions that are rarely
achieved in macroscopic experiments. Studies of sodium
chloride crystallization will be discussed as model systems
for understanding nucleation under strong confinement,
with implications for salt weathering processes and the de-
terioration of porous materials [1, 2]. Additional examples
will illustrate how microfluidic approaches can provide
mechanistic insights into crystallization pathways in inor-
ganic systems.

The discussion will subsequently turn to biomolecular
phase transitions through the study of lysozyme crystalliza-
tion pathways across its phase diagram. Taking advantage
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of confinement and high-throughput microfluidic ap-
proaches, these studies provide a continuous picture of the
crystallization process, linking intermolecular protein in-
teractions and early association events to liquid-liquid
phase separation and the emergence of distinct nucleation
mechanisms under increasingly out-of-equilibrium condi-
tions. Particular attention will be given to the transition
from classical crystallization regimes to conditions where
non-classical pathways become dominant [3].

Together, these examples highlight how the study of
nucleation under confinement provides a common physical
perspective on phase transitions across systems, linking
questions that range from the deterioration of cultural heri-
tage materials to the molecular origins of biomolecular

self-assembly.

1. Rodriguez-Navarro, C., et al. Salt weathering: influence of
evaporation rate, supersaturation and crystallization pat-
tern. Earth Surface Processes and Landforms: The Journal
of the British Geomorphological Research Group, 24(3),

191-209 (1999).

2. Rodriguez-Ruiz, 1., et al. Monitoring picoliter sessile
microdroplet dynamics shows that size does not matter.

Langmuir, 29(41), 12628-12632 (2013).
3. Karibjanova, et al. Microfluidics resolves non-classical

lysozyme nucleation driven by attractive protein interac-
tions. Journal of Molecular Liquids, 447, 129378 (2026).

FROM PETROLEUM-BASED PLASTICS TO BIOFILMS: A JOURNEY THROUGH THE
MOLECULAR HERITAGE OF PLASTICS TOWARD A MORE SUSTAINABLE
LIFESTYLE

Guillermo Escolano-Casado, Vedran Milosavljevic

Chemistry and Biochemistry Department, Mende! University, Brno, Czech Republic
guillermo.casado@mendelu.cz

Since their large-scale introduction during the past century,
petroleum-based synthetic plastics (PBSP) have become
essential for modern life. Their presence is ubiquitous in all
daily products and industries as materials for packaging,
merchandising, construction, electronics, transportation,
and health care, which is possible thanks to their unique
properties: light weight, chemical inertness, mechanical
versatility and, above all, low-cost production. However,
PBSP overproduction carries a heavy molecular legacy. It
is estimated that of the millions of tonnes of plastics pro-
duced to date, only around 9% has been recycled, 79% has
accumulated in the natural environment, and 12% has been
incinerated [1]. From a chemical point of view, PBSP are
polymers derived from fossil hydrocarbons such as poly-
ethylene, polypropylene and poly(ethylene terephthalate).
Consequently, PBSP are essentially non-biodegradable,
and persist in nature as micro- and nanoplastics, producing
direct ecological and health consequences for living be-
ings. For such reasons, this problem can be considered the
starting point of the molecular heritage of plastics, from
PBSP towards the novel bio-based polymers proposed to
replace them. The final target is to use films from

plant-based biopolymers (bioplastics) that ensure a green
future while maintaining industry requirements. The
bioplastics alternative rests on three broad families: micro-
bial polyesters obtained by fermentation, bioplastics poly-
merised from renewable monomers (corn or sugarcane
monomers), and naturally occurring biopolymers, chiefly
polysaccharides or proteins, that already possess intrinsic
film-forming ability [2]. In particular, polysaccharides
from plant- and marine-derived sources combine natural
abundance, biodegradability, biocompatibility and inher-
ent capacity to form biofilms. These bioplastics generally
exhibit strong barrier properties against atmospheric gases
(Oy, COy), but unfortunately, their hydrophilic character
limits moisture resistance and mechanical properties
(strength, elongation at break, Young’s modulus) [3] .
Therefore, the bioplastic structural units must be modified
to reach the performance characteristics of PBSP. There
are two possible ways of modification. The first is physical,
based on composite and blend strategies, i.e. combining
polysaccharides with proteins or lipids and adding plasti-
cisers. The second is chemical, based on the targeted modi-
fication of the biopolymer backbone: -crosslinking,
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oxidation, esterification, amidation and grafting reactions
that tune hydrophobicity, mechanical response and reactiv-
ity. Moreover, the modification strategy can also be ad-
dressed toward the incorporation of active agents (essential
oils, polyphenols and/or nanoparticles), either physically
or chemically, with the aim of obtaining the desired struc-
turally reinforced bioplastics that also show specific
functionalities, such as antimicrobial or antioxidant prop-
erties. Consequently, at the final step, research moves to-
ward the production of active and stimuli-responsive
bioplastics, tailoring the chemical modification according
to the future applications of the bioplastics. In summary, by
adjusting classical chemical modifications to more sustain-
able methodologies and applying them to the reinforce-
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ment and improvement of the properties of the natural
biopolymers, the molecular heritage of plastics can be redi-
rected from an environmental burden to a more sustainable
lifestyle.

1. R. Geyer, J.R. Jambeck, K.L. Law, Production, use, and
fate of all plastics ever made, Science advances 3,
e1700782 (2017).

2. A.Z. Naser, . Deiab, B.M. Darras. Poly (lactic acid)(PLA)
and polyhydroxyalkanoates (PHAs), green alternatives to
petroleum-based plastics: a review. RSC advances 11,
17151-17196 (2021).

3. P.Cazébn, G. Velazquez, J.A. Ramirez, M. Vazquez,
Polysaccharide-based films and coatings for food packag-
ing: A review. Food hydrocolloids 68, 136-148 (2017).

GREEN NANOTECHNOLOGY IN CULTURAL HERITAGE: PLANT-BASED
NANOPARTICLE COATINGS AS PROTECTIVE LAYERS

Kanika Dulta"?, Nidhi Bhardwaj*®, Vedran Milosavljevic', Lukas Peter?

1Depan‘ment of Chemistry and Biochemistry, Mendel University in Brno, Zemédélska 1,
613 00 Brno, Czech Republic
2Faculty of Materials Science and Technology, VSB — Technical University of Ostrava, Czech Republic
*Department of Chemistry, Faculty of Science, University of Hradec Kralove, Rokitanskeho 62, 500 03,
Hradec Kralove, Czech Republic
kanikadulta10@gmail.com

The surging demand for sustainable post-harvest preserva-
tion technologies has advanced the development of green
nanotechnology-based coating systems with advanced
antimicrobial and protective functionalities. However, the
recent advances in plant-mediated synthesis of nano-
particles (NPs) have evolved as an environmentally
friendly, sustainable approach, and cost-effective, which
utilizes naturally occurring phytochemicals as reducing,
capping, and stabilizing agents. In addition, the biogenic
NPs offer superior antioxidant, antimicrobial, and barrier
properties, which enhance the potential for multifunctional
food preservation utilization. Therefore, postharvest dete-
rioration caused by microbial contamination, environmen-
tal stress, and oxidative degradation remains a major
challenge that affects the safety, shelf life, and quality of
fresh agro-based materials. Whereas, to address such limi-
tations for biodegradable nanocomposite coatings, which
incorporate metal oxide NPs within natural polymer matri-
ces, has received considerable attention. The plant-derived
zinc oxide (ZnO) NPs exhibit broad-spectrum antibacterial
activity with enhanced compatibility with biopolymer
coatings. Thus, this enhances the microbial inhibition and
preserves product quality [1]. Additionally, copper oxide
(CuO) NPs possess significant photocatalytic properties
that contribute to the development of multifunctional coat-
ings with improved preservation efficiency and durability
[2]. Furthermore, natural biopolymers, which include
alginate and chitosan, provide ideal matrices for NPs incor-
poration due to their better film-forming ability, biocom-
patibility, biodegradability, and inherent antimicrobial

characteristics. Thus, the recent studies exhibited that ZnO
NPs-incorporated with chitosan coatings can significantly
improves antimicrobial performance and extend the stor-
age life of fresh produce [3]. Similarly, alginate-chitosan
nanocomposite coatings enriched with ZnO NPs effec-
tively reduce microbial spoilage, which preserves the
physicochemical characteristics and enhances the
postharvest quality of fruits and vegetables [4].

In addition, the synergistic integration of plant-synthe-
sized metal oxide NPs with biodegradable polymeric coat-
ings represents a promising pathway for the development
of next-generation sustainable preservation systems.
Therefore, these green nanocoatings provide an eco-
friendly solution to conventional preservation techniques
by minimizing post-harvest losses and enhancing food
safety by extending shelf life and reducing environmental
impact. Thus, future research mainly focuses on compre-
hensive toxicity assessments, regulatory considerations,
scalable manufacturing, and long-term stability studies to
facilitate the safe commercialization of these sustainable
nanocoating technologies.

The authors sincerely acknowledge the project No.
CZ.02.01.01/00/22_008/000463 Materials and technolo-
gies for sustainable development within the Jan Amos
Komensky Operational Programme, financed by the Euro-
pean Union and the state budget of the Czech Republic.

1. Dulta, K. et al. Unveiling the effects of ZnO nanoparticle
incorporated chitosan coating on postharvest quality of
eggplant (Solanum melongena L.). Food Control 168,
110912 (2025).
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2. Dulta, K. ef al. Multifunctional CuO nanoparticles with en-
hanced photocatalytic dye degradation and antibacterial ac-
tivity. Sustain. Environ. Res. 32,2 (2022).

3. Dulta, K. ef al. Development of alginate—chitosan-based
coating enriched with ZnO nanoparticles for increasing the
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shelf life of orange fruits (Citrus sinensis L.). J. Polym. En-
viron. 30, 3293-3306 (2022).

4. Dulta, K. et al. A novel approach of synthesis zinc oxide
nanoparticles by Bergenia ciliata thizome extract: antibac-
terial and anticancer potential. J. Inorg. Organomet. Polym.
Mater. 31, 180-190 (2021).

TAILORED LASER-INDUCED GRAPHENE FROM NANOCOMPOSITE THIN FILMS
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"University of South Bohemia, Branisovska 1760, 37005 Ceske Budejovice, Czechia
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Laser-induced graphene (LIG) has emerged as an attractive
material for electrochemical sensing owing to its high elec-
trical conductivity, large specific surface area, and porous
morphology. The performance of LIG, however, is
strongly influenced by the chemical composition and
microstructure of the precursor material. In this work,
nanocomposite polyimide thin films prepared by RF mag-
netron sputtering were employed as tailored precursors for
laser-induced graphitization. Optimization of the plasma
deposition process enabled preservation of essential mo-
lecular motifs, including aliphatic groups and partially re-
tained polymer backbone structures, promoting efficient
laser-induced carbonization.

The chemical composition of the deposited films was
characterized by FTIR and NMR spectroscopy prior to la-
ser processing. Raman spectroscopy confirmed the suc-
cessful formation of multilayer graphene, with I(D)/I(G)
and 1(2D)/I(G) intensity ratios indicating controlled gra-
phitic ordering and defect density. SEM observations fur-
ther revealed a highly porous, interconnected network
favorable for electrochemical applications.
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To extend the functionality of the resulting LIG, two
nanocomposite approaches were investigated. Fluorine
was incorporated by co-sputtering PTFE, while Cu
nanoparticles produced using a gas aggregation source
were embedded into the precursor films during deposition.
The nanoparticle size distribution, concentration, and spa-
tial uniformity were quantitatively analyzed by small-angle
X-ray scattering (SAXS). Both modification strategies en-
abled systematic tuning of the electronic properties of the
laser-induced graphene, leading to enhanced carrier con-
centration and improved charge transport. These results
demonstrate that plasma-deposited nanocomposite thin
films provide a versatile platform for engineering func-
tional LIG electrodes for next-generation electrochemical
sensing.

This work was financially supported by the Technology
Agency of the Czech Republic (TACR) under project NCK
MATCA (TN02000069/007) and by the Polish Ministry of
Science and Higher Education under Project No.
RID/SP/0042/2024/01, Improving Competence in Hazard-
ous Materials Hazard Identification, implemented at WAT.

EXPLORING THE MORPHOLOGY AND STRUCTURE OF Fe-BASED
NANOMATERIALS FOR PHARMACEUTICAL APPLICATIONS USING X-RAY
SCATTERING METHODS

Milan Dopita

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Praha 2

Iron carboxymaltose (ICM) is an intravenous iron formula-
tion in which ferric hydroxide nanoparticles are stabilized
by a carboxymaltose shell. Understanding its internal ar-
chitecture is essential for elucidating the structure—prop-
erty relationships that govern its stability and bio-av
ailability. In this study, the microstructure of ICM was in-

vestigated using small-angle X-ray scattering (SAXS) and
X-ray diffraction (XRD).

XRD analysis indicated that the iron core consists of
nanocrystalline akaganeite (B-FeOOH). The diffraction
patterns exhibited broad reflections characteristic of a
poorly crystalline, nanoscale material, confirming the
nanocrystalline nature of the iron oxyhydroxide core.
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SAXS analysis revealed a core—shell morphology com-
prising nanometer-sized iron oxyhydroxide cores sur-
rounded by a disordered carbohydrate shell, consistent
with a colloidal nanoparticle system. The scattering pro-
files were successfully fitted using a model consisting of
two lognormally distributed spherical particle populations
combined with a hard-sphere structure factor, revealing a
bimodal particle size distribution. The larger particle popu-
lation exhibited mean diameters of approximately 10-15
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nm, whereas the smaller particle population had mean di-
ameters of approximately 3.5-5 nm.

The combination of SAXS and XRD provides complemen-
tary morphological structural and microstructural informa-
tion, demonstrating that ICM consists of nanocrystalline
iron oxyhydroxide domains embedded within an amor-
phous polysaccharide matrix. These findings contribute to
a deeper understanding of the physicochemical stability of
ICM and the structural features governing its controlled
iron release in vivo.

INTERNATIONALISATION IN ACTION: TRNAVA UNIVERSITY'S STRATEGY AND
ENGAGEMENT IN THE KREATIVEU ALLIANCE

Maria Hercegova

Trnava University in Trnava, Department for External Relations and Cooperation, Slovak Republic
maria.hercegova@truni.sk

Internationalisation is one of the key strategic priorities of
Trnava University in Trnava (TRUNI). Based on an insti-
tutional audit, its 2025-2030 strategy seeks to embed an in-
ternational dimension across education, research, mobility,
services, and cooperation with society. This contribution
presents how the strategy is being translated into practice
through TRUNI International and participation in the
KreativEU - Knowledge & Creativity European University
Alliance.

The strategy combines measurable targets with institu-
tional development. Its priorities include a stronger Inter-
national Relations and Mobility Office, a physical and
virtual TRUNI Hub, the TRUNI Forum for international
academic dialogue, sustainable and inclusive mobility, im-
proved support for international researchers, more courses
and programmes in English, hybrid learning, micro-
credentials, joint degrees, and systematic monitoring. By
2030, TRUNI aims to increase student and academic staff
mobility by 30%, administrative staff mobility by 20%, and
international research projects by 25%, while expanding
English-taught provision and strengthening mutual
recognition within KreativEU.

These goals build on an established international base.
In 2024/25, 216 TRUNI students and employees partici-
pated in mobility abroad and 139 international students and
employees came to TRUNI; the university cooperates with
more than 200 partner institutions. Within KreativEU, this

bilateral network is being developed into more structured,
interdisciplinary, and alliance-wide collaboration. Activi-
ties include Blended Intensive Programmes, summer
schools, teaching and training mobilities, joint seminars,
student participation, hybrid formats, and networking
among universities, cultural organisations, and regional
stakeholders. Cultural heritage serves as an especially pro-
ductive bridge between disciplines. The Heritage Game
seminar hosted by TRUNI in 2025 brought together more
than 60 participants from seven countries to explore
gamification and community-based heritage work. The
MoCuHer BIP similarly connects scientific training,
cultural heritage, intercultural exchange, and institutional
cooperation.

The contribution argues that KreativEU functions as an
accelerator of TRUNI's internationalisation strategy: it
broadens access to international experience, supports inter-
nationalisation at home, and links mobility with curriculum
development, research collaboration, and societal engage-
ment. It also identifies the next implementation priorities:
embedding alliance opportunities across all faculties, en-
suring inclusive participation, recognising learning out-
comes, supporting staff capacity, and using evidence-
based monitoring to turn individual activities into sustain-
able institutional
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