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130 YEARS OF SEE ING THE IN VIS I BLE: THE STORY OF X-RAY DIS COV ERY 

Pavlína Øezáèová

In sti tute of Or ganic Chem is try and Bio chem is try, Czech Acad emy of Sci ences, Flemingovo nam. 2, 
16610 Prague, Czech Re pub lic

rezacova@uochb.cas.cz

In No vem ber 1895, the Ger man phys i cist Wil helm Conrad
Röntgen made a dis cov ery that changed sci ence and med i -
cine. While work ing with a Lenard dis charge tube in his
lab o ra tory at the Uni ver sity of Würzburg, he no ticed some -
thing strange. Al though the room was com pletely dark and
the tube was cov ered with black card board, a screen coated
with bar ium platinocyanide be gan to glow. Röntgen re al -
ized that in vis i ble rays were com ing from the tube and
pass ing through the card board. He closed him self in the
lab o ra tory for seven weeks and soon dis cov ered that these
rays could pass through many ma te ri als, such as wood and
pa per, but were blocked by denser ma te ri als, such as lead

and bone.
The most fa mous mo ment in this story hap pened on De -

cem ber 22, 1895, when Röntgen took the first med i cal
X-ray im age. For this ex per i ment, he used the hand of his
wife, Ber tha Röntgen. When the im age was de vel oped, it
clearly showed the bones of her hand and her wed ding ring. 
Al though, like many women in the 19th cen tury, Ber tha
was an in vis i ble sup porter of her hus band’s ca reer, this im -
age made her fa mous. Through the pic ture of her hand, she
be came part of the his tory of science and medicine.

Röntgen quickly shared his re sults by send ing cop ies of 
his pa per “On a new kind of rays” [1], and pho to graphs to
sci en tists around the world on New Year’s Day in 1896.
News of this “sen sa tional dis cov ery” spread around the
world very quickly. The Vi en nese news pa per Die Presse
pub lished the break through on Jan u ary 5, fol lowed closely
by Brit ish news pa pers The Daily Chron i cle and Ger man
Der Stan dard.

 People were fas ci nated by the idea of “see ing the in vis -
i ble.” Be cause Röntgen chose not to pat ent his dis cov ery,

doc tors and sci en tists ev ery where could be gin us ing

X-rays al most im me di ately around the world. In ter est -
ingly, the first re corded med i cal use of X-rays in Aus tra lia
dates to early 1896, when Wil liam Henry Bragg, then a
pro fes sor at the Uni ver sity of Adelaide, used home-made
equip ment to pro duce an X-ray pho to graph of his
six-year-old son’s arm af ter a tri cy cle ac ci dent. Years later,
the fa ther and son col lab o rated to study how X-rays in ter -
act with crys tals and in 1915, they were jointly awarded the 
Nobel Prize in Physics for their work. 

Other well-known in ven tors, in clud ing Thomas Ed i -
son, also be gan de vel op ing X-ray de vices such as the flu o -
ro scope. How ever, this early pe riod also re vealed the
dan gers of ra di a tion, in clud ing the tragic death of Ed i son’s
as sis tant, Clar ence Dally, from ra di a tion ex po sure.
Röntgen re ceived the first ever No bel Prize in Phys ics in
1901. To day, X-rays are in dis pens able tools in med i cine,

in dus try, are and sci ence.
This lec ture is tai lored for a gen eral au di ence to make

Röntgen’s dis cov ery ac ces si ble and en gag ing. It fea tures a
prac ti cal dem on stra tion us ing props from the thea tre play
writ ten by Pavlína Øezáèová and per formed by the

non-pro fes sional group Scéna Kralupy nad Vltavou[2]. 

1. Röntgen, W. (1895). Ueber eine neue Art von Strahlen.
Vorläufige Mitteilung, Aus den Sitzungsberichten der
Würzburger Physik.-medic. Gesellschaft Würzburg.

2.http://www.scenakralupy.cz/nase-hry/berta-rtg-jako-bych-vid
ela-svou-smrt/.
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X-RAY TECH NIQUES IN STRUC TURAL BI OL OGY AND HER I TAGE SCI ENCE

Klaudia Hradil, Valentina Ljubæ Tobisch

X-ray cen ter, TU Wien, Wien, Aus tria
klaudia.hradil@tuwien.ac.at

Crys tal log ra phy plays a cen tral role in her i tage sci ence be -
cause it en ables the min i mally in va sive or non-de struc tive
char ac ter iza tion of cul tural and nat u ral her i tage ma te ri als
at the atomic and mi cro scopic scales. For coun tries such as
Aus tria and the Czech Re pub lic, which share a rich cul tural 
and in dus trial her i tage, the tar geted ap pli ca tion of crys tal -
lo graphic meth ods is es sen tial for pre serv ing his tor i cal
artefacts, mon u ments, and nat u ral her i tage while en sur ing
the ef fi cient use of lim ited sci en tific and fi nan cial re -
sources. Mod ern lab o ra tory fa cil i ties, com ple mented by
large-scale re search in fra struc tures, pro vide a cost-ef fec -
tive and com pre hen sive an a lyt i cal frame work for her i tage
in ves ti ga tions.

The crys tal lo graphic tool box in cludes sin gle-crys tal
and pow der X-ray dif frac tion (SCXRD and PXRD), pair
dis tri bu tion func tion (PDF) anal y sis, elec tron dif frac tion

(ED), small-an gle X-ray scat ter ing (SAXS), X-ray flu o res -
cence (XRF), and com ple men tary spec tro scopic tech -
niques. To gether, these meth ods re veal crys tal struc tures,
phase com po si tion, deg ra da tion and cor ro sion pro cesses,
man u fac tur ing tech nol o gies, and pre vi ous con ser va tion
treat ments, thereby pro vid ing the sci en tific ba sis for sus -
tain able con ser va tion strat e gies and ev i dence-based res to -
ra tion.
The fol low ing lec ture will dis cuss the role of crys tal log ra -
phy in her i tage sci ence, high light ing its sci en tific, cul tural,
and eco nomic im pact through se lected ex am ples from Aus -
tria and the Czech Re pub lic, and dem on strat ing how com -
ple men tary crys tal lo graphic meth ods con trib ute to the
pres er va tion and un der stand ing of our shared cul tural and
nat u ral her i tage.

L3

ECOCULTURAL HER I TAGE IN EN VI RON MEN TAL CHANGE: AD AP TA TION, AGENCY 
AND JUS TICE

Lu cia Nováková1, Silviu-Mar ian Miloiu2

1De part ment of Clas si cal Ar chae ol ogy, Trnava Uni ver sity in Trnava, Trnava, Slovakia
2Doc toral School, Fac ulty of Hu man i ties, Valahia Uni ver sity of Târgoviºte, Târgoviºte, Ro ma nia

lu cia.novakova@truni.sk

Her i tage gov er nance still sep a rates cul tural sig nif i cance
from eco log i cal value, al though places, prac tices and spe -
cies of ten ac quire mean ing through the same re la tions.
Ecocultural her i tage is used here as a re la tional an a lyt i cal
frame work for ex am in ing how eco log i cal pro cesses, cul -
tural prac tices, in sti tu tions and ma te rial traces jointly pro -
duce her i tage value. It dif fers from biocultural her i tage,
which fore grounds linked bi o log i cal and cul tural di ver sity,
and from cul tural land scape clas si fi ca tions, which re main
bounded by par tic u lar ad min is tra tive tra di tions. More-
 than- hu man her i tage ex tends agency be yond peo ple;
ecocultural anal y sis asks how that agency en ters de ci sions
and with what con se quences [1, 2].

This crit i cal con cep tual re view ex am ines when an
ecocultural ap proach can con nect cli mate ad ap ta tion,
more-than-hu man agency and her i tage jus tice with out
eras ing in sti tu tional dis tinc tions or lo cal con flict. The re -
view does not claim sys tem atic cov er age. In stead, it com -
pares on to log i cal as sump tions, treat ments of change and
loss, forms of agency and im pli ca tions for gov er nance. The 
anal y sis also dis tin guishes the o ret i cal prop o si tions from
pol icy com mit ments, man age ment guid ance and ev i dence
of lo cal im ple men ta tion.

The syn the sis iden ti fies par tial con ver gence rather than
a sin gle par a digm. Cli mate ad ap ta tion ex poses the lim its of
pre serv ing ma te rial fab ric un changed, yet de ci sions to
trans form a place or ac cept loss re main po lit i cally charged
[3, 4]. In te gra tion can re veal de pend en cies hid den by sep a -
rate pro tec tion re gimes, but it may also weaken spe cial ised
safe guards, blur in sti tu tional re spon si bil ity and con ceal un -
equal in ter ests be neath con sen sual lan guage. More-than-
 hu man ap proaches widen the field of care, al though re cog -
nis ing a river, for est or spe cies as an ac tor does not de ter -
mine who may rep re sent it. Such rep re sen ta tion re quires
trans par ent man dates, con test able ev i dence and ac count -
able de ci sions [5, 6].

These prob lems be come sharper when au thor ity and
jus tice are con sid ered to gether. West ern the ory should not
pres ent long-stand ing In dig e nous ac counts of hu man-en vi -
ron ment re la tions as a re cent ac a demic dis cov ery [7]. Nor
should In dig e nous peo ples or lo cal com mu ni ties be treated
as uni tary con stit u en cies, since knowl edge, au thor ity and
vul ner a bil ity are sit u ated and may be dis puted. Biocultural
gov er nance shows why com mu nity lead er ship mat ters, but
par tic i pa tion alone does not set tle con flicts be tween eco -
log i cal in teg rity, cul tural con ti nu ity and ma te rial au then tic -
ity [8]. Choices about pro tec tion, man aged change or
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re lin quish ment there fore re quire at ten tion to who de cides,
who ben e fits and who bears cul tural, so cial and ma te rial
costs.

The pro posed frame work be gins by spec i fy ing the ob -
ject of care and the re la tions through which it gains sig nif i -
cance. It then ex am ines who can speak and de cide, how
ben e fits and bur dens are dis trib uted, and which as sump -
tions gov ern ad ap ta tion or loss. Fi nally, it lo cates each
claim at the level where it can be sup ported, sep a rat ing con -
cep tual ar gu ment from pol icy in tent and dem on strated
prac tice. Ecocultural in te gra tion is de fen si ble only when it
keeps con flicts vis i ble, pre serves nec es sary in sti tu tional
protections and per mits de ci sions to be re vised as eco log i -
cal and so cial con di tions change. Un der those con di tions, it 
of fers a rig or ous ba sis for her i tage man age ment with out

turn ing relationality into an ab stract prom ise of har mony. 

1. Har ri son, R. Be yond “nat u ral” and “cul tural” her i tage: To -
ward an on to log i cal pol i tics of her i tage in the age of the
Anthropocene. Her i tage & So ci ety 8, 24–42 (2015).

2. Palacio, R. D. & Goli, S. Bridg ing the na ture–cul ture di -
vide: A biocultural re clas si fi ca tion of the World Her i tage
Sites. Ecol ogy and So ci ety 30, Art. 31 (2025).

3. Seekamp, E. & Jo, E. Re sil ience and trans for ma tion of her -
i tage sites to ac com mo date loss and learn ing in a chang ing
cli mate. Cli ma tic Change 162, 41–55 (2020).

4. Holtorf, C. Em brac ing change: How cul tural re sil ience is
in creased by cul tural her i tage. World Ar chae ol ogy 50,
639–650 (2018).

5. Ster ling, C. Crit i cal her i tage and the posthumanities: prob -
lems and pros pects. In ter na tional Jour nal of Her i tage
Stud ies 26, 1029–1046 (2020).

6. Roudavski, S. & Rutten, J. To wards more-than-hu man her -
i tage: Ar bo real hab i tats as a chal lenge for her i tage pres er -
va tion. Built Her i tage 4, Art. 3 (2020).

7. Todd, Z. An In dig e nous fem i nist’s take on the on to log i cal
turn: “on tol ogy” is just an other word for co lo nial ism. Jour -
nal of His tor i cal So ci ol ogy 29, 4–22 (2016).

8. Lyver, P. O’B. et al. Build ing biocultural ap proaches into
Aotearoa–New Zea land’s con ser va tion fu ture. Jour nal of
the Royal So ci ety of New Zea land 49, 394–411 (2019).

L4

FROM THE BRAGGS TO BILL ASTBURY AND THE AD VENT OF MOD ERN
STRUC TURAL MO LEC U LAR BI OL OGY

Tomáš Bílý1,2, Da vid Kaftan2,3, Jakub Pšenèík4, Rebecca F. Thomp son5, Ro man Tùma1,5

1Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Czech Re pub lic
2In sti tute of Par a si tol ogy, Czech Acad emy of Sci ences, Czech Re pub lic

3In sti tute of Mi cro bi ol ogy, Algatech, Czech Acad emy of Sci ences, Czech Re pub lic
4Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Czech Re pub lic

5Astbury Cen tre for Struc tural Mo lec u lar Bi ol ogy, Uni ver sity of Leeds, United King dom

The Bragg law un der pins in ter pre ta tion of X-ray dif frac -
tion pat terns of crys tals as well as other par tially or dered
sys tems. We will first turn back the clocks to the be gin ning
of the 20th cen tury and look at the early de vel op ments of
X-ray dif frac tion and its con nec tion to the Uni ver sity of
Leeds where the data un der pin ning the fa mous law were
col lected. Sub se quently, Bill Astbury was re cruited to the
Uni ver sity of Leeds to take over the Bragg leg acy and ap -
plied X-ray dif frac tion to tex tiles. We will dis cuss how this
work fun da men tally con trib uted to the study of bi o log i cal
ma te rial and paved way to the dis cov ery of DNA struc ture.
In the end we will re turn to the pres ent day Astbury
Biostructure Lab o ra tory and il lus trate the complementarity 

of X-ray scat ter ing and elec tron cryo-mi cros copy in the
study of par tially or dered bi o log i cal as sem blies.  

1. Jenkin, John. Wil liam and Law rence Bragg, Fa ther and
Son: The Most Ex traor di nary Col lab o ra tion in Sci ence.
OUP Ox ford, 2008. 

2. Hall, Kersten T. The Man in the Monkeynut Coat: Wil liam
Astbury and How Wool Wove a For got ten Road to the
Dou ble-He lix. OUP Ox ford, 2014. 

3. Tomáš Bílý, Da vid Kaftan, Rebecca F. Thomp son, Da vid
Øeha, Jakub Pšenèík, Ro man Tuma (2026) Pla nar ar range -
ment of bacteriochlorophyll c ag gre gates in chlorosomes
of Chloroflexus aurantiacus. Biophys. J., 125, 1494-1505..
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CEL LU LAR SE CRETS UN VEILED: EVER WON DERED WHAT YOUR CELLS ARE UP
TO AT NIGHT?

K. Teznerová

Altium In ter na tional s.r.o., Na Jetelce 69/2, 190 00 Praha 9

In re cent years, dig i tal ho lo graphic mi cros copy (DHM) has 
gained wide spread pop u lar ity as a con ve nient and re li able
tool for ob serv ing cell pop u la tions. Its user-friendly, fully
au to mated workflow en ables long-term, la bel-free im ag ing 
with out the need for chem i cal stains or flu o res cent la bels,
which can in tro duce un wanted cytotoxic ef fects and in ter -
fere with nor mal cel lu lar be hav ior. By com bin ing quan ti ta -
tive phase im ag ing with non-in va sive data ac qui si tion,
DHM pro vides high-qual ity im ages while pre serv ing the
nat u ral char ac ter is tics and dy nam ics of liv ing cells.

This gen tle im ag ing ap proach elim i nates the need for
dis rup tive sam ple prep a ra tion and al lows con tin u ous ob -
ser va tion of cells with high spa tial and tem po ral res o lu tion. 

As a re sult, even sub tle changes in cell mor phol ogy,
growth, mi gra tion, and pro lif er a tion can be ac cu rately cap -
tured and quan ti fied over ex tended pe ri ods.

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.

L6

tRNA IN THE HIS TORY OF MO LEC U LAR AND STRUC TURAL BI OL OGY

Claude Sauter

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

Transfert RNAs or tRNAs are cen tral ac tors of the
translational ma chin ery, play ing the role of adapter mol e -
cules in mRNA de cod ing by the ri bo some dur ing pro tein
syn the sis. Their ex is tence was first hy poth es ised by Fran -
cis Crick in 1955 to ex plain how to go from a genomic mes -
sage coded in four let ters (the nu cleo tides that make up
DNA and RNA) to a polypetidic se quence of twenty let ters
(the amino ac ids). tRNAs were the first RNAs whose struc -
ture was in ves ti gated by X-ray crys tal log ra phy and long re -
mained the only source of 3D in for ma tion on RNA [1].
They carry an as ton ish ing di ver sity of chem i cal mod i fi ca -

tions that mod u late their sta bil ity and func tions. In deed,
they par tic i pate in many other cel lu lar pro cesses such as
gene reg u la tion, amino acid and cell wall biosynthesis, ini -
ti a tion of re verse tran scrip tion of vi ral genomes, etc. This
ex plo ra tion of tRNA bi ol ogy—from their dis cov ery to re -
cent de vel op ments—will pro vide an over view on this fas -
ci nat ing fam ily of small RNAs and il lus trate their unique
place in the his tory of mo lec u lar and strucural bi ol ogy.

1. Fernández-Millán, P. et al. Ar chives of Bio chem is try and
Bio phys ics 602, 95–105 (2016).
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MO LEC U LAR AP PROACHES FOR THE AU THEN TI CA TION AND PRES ER VA TION OF
TURK ISH GEO GRAPH ICAL IN DI CA TION FOODS AS CUL TURAL HER I TAGE 

Begüm Zeynep Hancerliogullari, Hasim Kelebek 

De part ment of Food En gi neer ing, Fac ulty of En gi neer ing, Adana Alparslan Türkes Sci ence and Tech nol ogy
Uni ver sity, 01250 Adana, Türkiye 

Tra di tional foods pro tected by geo graph ical in di ca tion
(GI) sta tus rep re sent an im por tant part of Türkiye’s cul tural 
her i tage, re flect ing re gional biodiversity, tra di tional
knowl edge, and lo cal pro duc tion prac tices. How ever, in -
creas ing con cerns about food fraud, adul ter a tion, and mis -
la bel ing high light the need for re li able sci en tific
ap proaches to sup port the au then tic ity and trace abil ity of
these prod ucts.

This pre sen ta tion pro vides an over view of cur rent mo -
lec u lar ap proaches used for the au then ti ca tion and pres er -
va tion of Turk ish GI foods. DNA-based meth ods,
in clud ing DNA barcoding, mo lec u lar mark ers, quan ti ta tive 

PCR, and next-gen er a tion se quenc ing, en able ac cu rate
spe cies iden ti fi ca tion, or i gin ver i fi ca tion, and adul ter a tion
de tec tion. In ad di tion, emerg ing RNA-based ap proaches
of fer com ple men tary in sights into mi cro bial ac tiv ity, fer -
men ta tion pro cesses, and prod uct qual ity. 

The pre sen ta tion will dis cuss how mo lec u lar tools, to -
gether with emerg ing foodomics ap proaches, con trib ute to
safe guard ing cu li nary her i tage by strength en ing food au -
then tic ity, trace abil ity, con sumer con fi dence, and qual ity
as sur ance. Fu ture per spec tives on the ap pli ca tion of
foodomics for the sus tain able pres er va tion of tra di tional
foods will also be highlighted. 

August 26, Wednesday

L8

PRO TEIN PU RI FI CA TION IN AND BE YOND THE CRYS TAL LOG RA PHY WORLD

Sergio Martínez-Rodríguez

De part ment of Bio chem is try and Mo lec u lar Bi ol ogy III and Inmunology, Uni ver sity of Granada
sergio@ugr.es

Pro tein pu ri fi ca tion is a crit i cal pre req ui site for bio chem i -
cal, bio phys i cal, and struc tural anal y ses [1]. How ever,
these biomolecules are also used at dif fer ent pu rity lev els
in eco nomic sec tors such as pharmaceuticals, hu man health 
or feed in dus try, also be com ing part of the cul tural her i tage 
of dif fer ent re gions/coun tries (e.g., en zymes used in
food-mak ing). Fur ther more, pro tein pu ri fi ca tion is key in
cul tural her i tage meth od ol o gies, such as paleoproteomics,
al low ing to de ci pher cul tural her i tage se crets [2,3]. In this
talk, we will sum ma rize dif fer ent pro tein pro duc tion/pu ri -
fi ca tion meth od ol o gies com monly as so ci ated with the

struc tural bi ol ogy world, which have also been em braced

by cul tural her i tage stud ies.

SMR is thank ful for the sup port pro vided by Grant
C-EXP-120-UGR23 by Consejería de Universidad,
Investigación e Innovación and ERDF Andalusia Pro gram 
2021-2027. 

1. Li, Q. (2026). Pro tein 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. Her i tage, 75:122–138.
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THE ROLE OF PRO TEIN CRYS TALS IN BIO TECH NOL OGY AND PHARMA

José A. Gavira 

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

The crys tal li za tion of biomolecules has played a piv otal
role in phar ma ceu ti cal in no va tion, with in su lin be ing the
first hor mone suc cess fully crys tal lized to ob tain a pure and
sta ble form that trans formed di a be tes treat ment and im -
proved the lives of mil lions of pa tients, its crys tal li za tion
not only en abled large-scale pu ri fi ca tion and sta bi li za tion,
but also es tab lished the foun da tion for mod ern pro -
tein-based ther a peu tics (Fig ure 1). Build ing on this leg acy,
pro tein crys tals have be come es sen tial tools for di verse ap -
pli ca tions rang ing from struc tural bi ol ogy to ad vanced
drug de liv ery. In the field of biocatalysis, en zymes ex ploit
their ver sa til ity, se lec tiv ity, and spec i fic ity to cat a lyze in -
dus tri ally rel e vant re ac tions un der mild con di tions. To ex -
tend their life time un der ex treme con di tions and en hance
ef fi ciency, en zymes can be im mo bi lized in dif fer ent sup -
ports, with Cross-Linked En zyme Crys tals (CLECs) of fer -
ing one of the most ro bust and re cy cla ble so lu tions [1].
CLECs are cur rently ex pe ri enc ing a re nais sance, boosted
by ad vances in pro tein crys tal li za tion over the last two de -
cades and by the de vel op ment of novel scaf fold ma te ri als.
In this lec ture, I will pres ent how knowl edge gained from
crys tal li za tion in con vec tion-free en vi ron ments has been
ap plied in our lab to pro duce pro tein crys tals for bio tech no -
log i cal ap pli ca tions, in clud ing: i) CLECs for the de vel op -
ment of en hanced, ro bust biosensors [2], ii) re in forced
cross-linked en zyme crys tals (rCLECs) for large-scale en -
zy matic re ac tions with du ra ble auto-sup ported cat a lysts
[3], and iii) re in forced pro tein crys tals for con trolled drug
de liv ery sys tems [4].

1. Jones, A. A. & Snow, C. D. Chem i cal Com mu ni ca -
tions 60, 5790–5803 (2024).

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

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

4. Contreras-Montoya, R. et al. ACS Appl Ma ter In ter -
faces 13, 11672–11682 (2021).

L10

NUCLEATION UNDER CONFINEMENT: FROM SALT WEATHERING TO
BIOMOLECULAR PHASE TRANSITIONS

Isaac Rodríguez-Ruiz

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

Con fine ment can act both as a phys i cal con straint and as an
ex per i men tal strat egy for in ves ti gat ing nu cle ation mech a -
nisms that re main dif fi cult to ac cess in con ven tional bulk
ex per i ments. By mod i fy ing nu cle ation prob a bil ity, trans -
port phe nom ena, and the ac ces si ble range of super -
saturations, con fined en vi ron ments en able the ex plo ra tion
of ther mo dy namic and ki netic re gimes that are rarely

reached at larger scales. As a re sult, they pro vide a unique
frame work for ex am in ing how phase-tran si tion path ways
evolve un der in creas ingly con strained and out-of-equi lib -
rium con di tions. De spite the ap par ent dif fer ences be tween
in or ganic and biomolecular ma te ri als, com mon phys i cal
prin ci ples of ten emerge when nu cle ation is ex am ined at
small scales.
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Fig ure 1. In May 1921, Fredrick Banting met in John
Macleod’s lab to be gin their ex per i ments with in su lin. In Jan -
u ary 1922, the first per son re ceived an in su lin in jec tion. By
1923, in su lin was com mer cially avail able. Banting and
Macleod re ceived the 1923 No bel Prize in med i cine.



This lec ture will first in tro duce the fun da men tal ef fects
of con fine ment on nu cle ation dy nam ics be fore il lus trat ing
these con cepts through ex am ples drawn from microfluidic
stud ies of crys tal li za tion and phase tran si tions. Par tic u lar
em pha sis will be placed on the abil ity of drop let-based
microfluidics to iso late in di vid ual nu cle ation events, ac -
cess highly metastable states, and gen er ate sta tis ti cally sig -
nif i cant datasets un der well-con trolled con di tions. To
il lus trate the broad ap pli ca bil ity of these con cepts, ex am -
ples will then be drawn from microfluidic in ves ti ga tions of
both in or ganic crys tal li za tion and biomolecular phase tran -
si tions.

The first ex am ple will fo cus on in or ganic salt crys tal li -
za tion in evap o rat ing microdroplets. Un der con fine ment,
evap o ra tion-driven con cen tra tion en ables the ex plo ra tion
of ex treme supersaturation con di tions that are rarely
achieved in mac ro scopic ex per i ments. Stud ies of so dium
chlo ride crys tal li za tion will be dis cussed as model sys tems
for un der stand ing nu cle ation un der strong con fine ment,
with im pli ca tions for salt weath er ing pro cesses and the de -
te ri o ra tion of po rous materia1s [1, 2]. Ad di tional ex am ples
will il lus trate how microfluidic ap proaches can pro vide
mech a nis tic in sights into crys tal li za tion path ways in in or -
ganic sys tems.

The dis cus sion will sub se quently turn to biomolecular
phase tran si tions through the study of lysozyme crys tal li za -
tion path ways across its phase di a gram. Tak ing ad van tage

of con fine ment and high-through put microfluidic ap -
proaches, these stud ies pro vide a con tin u ous pic ture of the
crys tal li za tion pro cess, link ing intermolecular pro tein in -
ter ac tions and early as so ci a tion events to liq uid-liq uid
phase sep a ra tion and the emer gence of dis tinct nu cle ation
mech a nisms un der in creas ingly out-of-equi lib rium con di -
tions. Par tic u lar at ten tion will be given to the tran si tion
from clas si cal crys tal li za tion re gimes to con di tions where

non-clas si cal path ways be come dom i nant [3].
To gether, these ex am ples high light how the study of

nu cle ation un der con fine ment pro vides a com mon phys i cal 
per spec tive on phase tran si tions across sys tems, link ing
ques tions that range from the de te ri o ra tion of cul tural her i -
tage ma te ri als to the mo lec u lar or i gins of biomolecular

self-as sem bly.

1. Ro dri guez-Navarro, C., et al. Salt weath er ing: in flu ence of
evap o ra tion rate, supersaturation and crys tal li za tion pat -
tern. Earth Sur face Pro cesses and Land forms: The Jour nal
of the Brit ish Geomorphological Re search Group, 24(3),

191-209 (1999).

[2] Rodríguez-Ruiz, I., et al. Mon i tor ing picoliter ses sile
microdroplet dy nam ics shows that size does not mat ter.

Langmuir, 29(41), 12628-12632 (2013).

[3] Karibjanova, et al. Microfluidics re solves non-clas si cal
lysozyme nu cle ation driven by at trac tive pro tein in ter ac -
tions. Jour nal of Mo lec u lar Liq uids, 447, 129378 (2026).
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MO LEC U LAR HER I TAGE OF PLAS TICS TO WARD A MORE SUS TAIN ABLE

LIFESTYLE

Guillermo Escolano-Casado, Vedran Milosavljevic

Chem is try and Bio chem is try De part ment, Men del Uni ver sity, Brno, Czech Re pub lic
guillermo.casado@mendelu.cz

Since their large-scale in tro duc tion dur ing the past cen tury, 
pe tro leum-based syn thetic plas tics (PBSP) have be come
es sen tial for mod ern life. Their pres ence is ubiq ui tous in all 
daily prod ucts and in dus tries as ma te ri als for pack ag ing,
mer chan dis ing, con struc tion, elec tron ics, trans por ta tion,
and health care, which is pos si ble thanks to their unique
prop er ties: light weight, chem i cal in ert ness, me chan i cal
ver sa til ity and, above all, low-cost pro duc tion. How ever,
PBSP over pro duc tion car ries a heavy mo lec u lar leg acy. It
is es ti mated that of the mil lions of tonnes of plas tics pro -
duced to date, only around 9% has been re cy cled, 79% has
ac cu mu lated in the nat u ral en vi ron ment, and  12% has been 
in cin er ated [1]. From a chem i cal point of view, PBSP are
poly mers de rived from fos sil hy dro car bons such as poly -
eth yl ene, poly propy lene and poly(eth yl ene terephthalate).
Con se quently, PBSP are es sen tially non-bio de grad able,
and per sist in na ture as mi cro- and nanoplastics, pro duc ing
di rect eco log i cal and health con se quences for liv ing be -
ings. For such rea sons, this prob lem can be con sid ered the
start ing point of the mo lec u lar her i tage of plas tics, from
PBSP to wards the novel bio-based poly mers pro posed to
re place them. The fi nal tar get is to use films from

plant-based biopolymers (bioplastics) that en sure a green
fu ture while main tain ing in dus try re quire ments. The
bioplastics al ter na tive rests on three broad fam i lies: mi cro -
bial poly es ters ob tained by fer men ta tion, bioplastics poly -
mer ised from re new able mono mers (corn or sug ar cane
mono mers), and nat u rally oc cur ring biopolymers, chiefly
poly sac cha rides or pro teins, that al ready pos sess in trin sic
film-form ing abil ity [2]. In par tic u lar, poly sac cha rides
from plant- and ma rine-de rived sources com bine nat u ral
abun dance, biodegradability, biocompatibility and in her -
ent ca pac ity to form biofilms. These bioplastics gen er ally

ex hibit strong bar rier prop er ties against at mo spheric gases
(O2, CO2), but un for tu nately, their hy dro philic char ac ter
lim its mois ture re sis tance and me chan i cal prop er ties
(strength, elon ga tion at break, Young’s modulus) [3] .
There fore, the bioplastic struc tural units must be mod i fied
to reach the per for mance char ac ter is tics of PBSP. There
are two pos si ble ways of mod i fi ca tion. The first is phys i cal, 
based on com pos ite and blend strat e gies, i.e. com bin ing
poly sac cha rides with pro teins or lipids and add ing plas ti -
cis ers. The sec ond is chem i cal, based on the tar geted mod i -
fi ca tion of the biopolymer back bone: crosslinking,
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ox i da tion, esterification, amidation and graft ing re ac tions
that tune hydrophobicity, me chan i cal re sponse and re ac tiv -
ity. More over, the mod i fi ca tion strat egy can also be ad -
dressed to ward the in cor po ra tion of ac tive agents (es sen tial 
oils, polyphenols and/or nanoparticles), ei ther phys i cally
or chem i cally, with the aim of ob tain ing the de sired struc -
tur ally re in forced bioplastics that also show spe cific
functionalities, such as antimicrobial or an ti ox i dant prop -
er ties. Con se quently, at the fi nal step, re search moves to -
ward the pro duc tion of ac tive and stim uli-re spon sive
bioplastics, tai lor ing the chem i cal mod i fi ca tion ac cord ing
to the fu ture ap pli ca tions of the bioplastics. In sum mary, by 
ad just ing clas si cal chem i cal mod i fi ca tions to more sus tain -
able meth od ol o gies and ap ply ing them to the re in force -
ment and im prove ment of the prop er ties of the nat u ral

biopolymers, the mo lec u lar her i tage of plas tics can be re di -
rected from an en vi ron men tal bur den to a more sus tain able

life style.

1. R. Geyer, J.R. Jambeck, K.L. Law, Pro duc tion, use, and
fate of all plas tics ever made, Sci ence ad vances 3, 
e1700782 (2017). 

2. A.Z. Naser, I. Deiab, B.M. Darras. Poly (lac tic acid)(PLA)
and polyhydroxyalkanoates (PHAs), green al ter na tives to
pe tro leum-based plas tics: a re view. RSC ad vances 11,
17151-17196 (2021). 

3. P. Cazón, G. Velazquez, J.A. Ramírez, M. Vázquez,
Polysaccharide-based films and coat ings for food pack ag -
ing: A re view. Food hy dro col loids 68, 136-148 (2017). 
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The surg ing de mand for sus tain able post-har vest pres er va -
tion tech nol o gies has ad vanced the de vel op ment of green
nanotechnology-based coat ing sys tems with ad vanced
antimicrobial and pro tec tive functionalities. How ever, the
re cent ad vances in plant-me di ated syn the sis of
nanoparticles (NPs) have evolved as an en vi ron men tally
friendly, sus tain able ap proach, and cost-ef fec tive, which
uti lizes nat u rally oc cur ring phytochemicals as re duc ing,
cap ping, and sta bi liz ing agents. In ad di tion, the biogenic
NPs of fer su pe rior an ti ox i dant, antimicrobial, and bar rier
prop er ties, which en hance the po ten tial for multifunctional
food pres er va tion uti li za tion. There fore, postharvest de te -
ri o ra tion caused by mi cro bial con tam i na tion, en vi ron men -
tal stress, and ox i da tive deg ra da tion re mains a ma jor
chal lenge that af fects the safety, shelf life, and qual ity of
fresh agro-based ma te ri als. Whereas, to ad dress such lim i -
ta tions for bio de grad able nanocomposite coat ings, which
in cor po rate metal ox ide NPs within nat u ral poly mer ma tri -
ces, has re ceived con sid er able at ten tion. The plant-de rived
zinc ox ide (ZnO) NPs ex hibit broad-spec trum an ti bac te rial 
ac tiv ity with en hanced com pat i bil ity with biopolymer
coat ings. Thus, this en hances the mi cro bial in hi bi tion and
pre serves prod uct qual ity [1].  Ad di tion ally, cop per ox ide
(CuO) NPs pos sess sig nif i cant photocatalytic prop er ties
that con trib ute to the de vel op ment of multifunctional coat -
ings with im proved pres er va tion ef fi ciency and du ra bil ity
[2]. Fur ther more, nat u ral biopolymers, which in clude
alginate and chitosan, pro vide ideal ma tri ces for NPs in cor -
po ra tion due to their better film-form ing abil ity, biocom -

patibility, biodegradability, and in her ent anti microbial
char ac ter is tics. Thus, the re cent stud ies ex hib ited that ZnO
NPs-in cor po rated with chitosan coat ings can sig nif i cantly
im proves antimicrobial per for mance and ex tend the stor -
age life of fresh pro duce [3]. Sim i larly, alginate-chitosan
nanocomposite coat ings en riched with ZnO NPs ef fec -
tively re duce mi cro bial spoil age, which pre serves the
physicochemical char ac ter is tics and en hances the
postharvest qual ity of fruits and veg e ta bles [4]. 

In ad di tion, the syn er gis tic in te gra tion of plant-syn the -
sized metal ox ide NPs with bio de grad able poly meric coat -
ings rep re sents a prom is ing path way for the de vel op ment
of next-gen er a tion sus tain able pres er va tion sys tems.
There fore, these green nanocoatings pro vide an
eco-friendly so lu tion to con ven tional pres er va tion tech -
niques by min i miz ing post-har vest losses and en hanc ing
food safety by ex tend ing shelf life and re duc ing en vi ron -
men tal im pact.  Thus, fu ture re search mainly fo cuses on
com pre hen sive tox ic ity as sess ments, reg u la tory con sid er -
ations, scal able man u fac tur ing, and long-term sta bil ity
stud ies to fa cil i tate the safe com mer cial iza tion of these sus -
tain able nanocoating tech nol o gies. 

The au thors sin cerely ac knowl edge the pro ject No.
CZ.02.01.01/00/22_008/000463 Ma te ri als and tech nol o -
gies for sus tain able de vel op ment within the Jan Amos
Komenský Op er a tional Programme, fi nanced by the Eu ro -
pean Un ion and the state bud get of the Czech Re pub lic.

1. Dulta, K. et al. Un veil ing the ef fects of ZnO nanoparticle
in cor po rated chitosan coat ing on postharvest qual ity of
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egg plant (Solanum melongena L.). Food Con trol 168,
110912 (2025).

2. Dulta, K. et al. Multifunctional CuO nanoparticles with en -
hanced photocatalytic dye deg ra da tion and an ti bac te rial ac -
tiv ity. Sus tain. En vi ron. Res. 32, 2 (2022). 

3. Dulta, K. et al. De vel op ment of alginate–chitosan-based
coat ing en riched with ZnO nanoparticles for in creas ing the

shelf life of or ange fruits (Cit rus sinensis L.). J. Polym. En -
vi ron. 30, 3293–3306 (2022). 

4. Dulta, K. et al. A novel ap proach of syn the sis zinc ox ide
nanoparticles by Bergenia ciliata rhi zome ex tract: an ti bac -
te rial and anticancer po ten tial. J. Inorg. Organomet. Polym. 
Ma ter. 31, 180–190 (2021).
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La ser-in duced graphene (LIG) has emerged as an at trac tive 
ma te rial for elec tro chem i cal sens ing ow ing to its high elec -
tri cal con duc tiv ity, large spe cific sur face area, and po rous
mor phol ogy. The per for mance of LIG, how ever, is
strongly in flu enced by the chem i cal com po si tion and
microstructure of the pre cur sor ma te rial. In this work,
nanocomposite polyimide thin films pre pared by RF mag -
ne tron sput ter ing were em ployed as tai lored pre cur sors for
la ser-in duced graphitization. Op ti mi za tion of the plasma
de po si tion pro cess en abled pres er va tion of es sen tial mo -
lec u lar mo tifs, in clud ing aliphatic groups and par tially re -
tained poly mer back bone struc tures, pro mot ing ef fi cient
la ser-in duced car bon iza tion.

The chem i cal com po si tion of the de pos ited films was
char ac ter ized by FTIR and NMR spec tros copy prior to la -
ser pro cess ing. Raman spec tros copy con firmed the suc -
cess ful for ma tion of multilayer graphene, with I(D)/I(G)
and I(2D)/I(G) in ten sity ra tios in di cat ing con trolled gra -
phitic or der ing and de fect den sity. SEM ob ser va tions fur -
ther re vealed a highly po rous, in ter con nected net work
fa vor able for elec tro chem i cal ap pli ca tions.

To ex tend the func tion al ity of the re sult ing LIG, two
nanocomposite ap proaches were in ves ti gated. Flu o rine
was in cor po rated by co-sput ter ing PTFE, while Cu
nanoparticles pro duced us ing a gas ag gre ga tion source
were em bed ded into the pre cur sor films dur ing de po si tion.
The nanoparticle size dis tri bu tion, con cen tra tion, and spa -
tial uni for mity were quan ti ta tively an a lyzed by small-an gle 
X-ray scat ter ing (SAXS). Both mod i fi ca tion strat e gies en -
abled sys tem atic tun ing of the elec tronic prop er ties of the
la ser-in duced graphene, lead ing to en hanced car rier con -
cen tra tion and im proved charge trans port. These re sults
dem on strate that plasma-de pos ited nanocomposite thin
films pro vide a ver sa tile plat form for en gi neer ing func -
tional LIG elec trodes for next-gen er a tion elec tro chem i cal
sens ing.

This work was fi nan cially sup ported by the Tech nol ogy
Agency of the Czech Re pub lic (TACR) un der pro ject NCK
MATCA (TN02000069/007) and by the Pol ish Min is try of
Sci ence and Higher Ed u ca tion un der Pro ject No.
RID/SP/0042/2024/01, Im prov ing Com pe tence in Haz ard -
ous Ma te ri als Haz ard Iden ti fi ca tion, im ple mented at WAT.
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Iron carboxymaltose (ICM) is an in tra ve nous iron for mu la -
tion in which fer ric hy drox ide nanoparticles are sta bi lized
by a carboxymaltose shell. Un der stand ing its in ter nal ar -
chi tec ture is es sen tial for elu ci dat ing the struc ture–prop -
erty re la tion ships that gov ern its sta bil ity and bio -av
ailability. In this study, the microstructure of ICM was in -

ves ti gated us ing small-an gle X-ray scat ter ing (SAXS) and
X-ray dif frac tion (XRD).

XRD anal y sis in di cated that the iron core con sists of

nanocrystalline akaganeite (b-FeOOH). The dif frac tion
pat terns ex hib ited broad re flec tions char ac ter is tic of a
poorly crys tal line, nanoscale ma te rial, con firm ing the
nanocrystalline na ture of the iron oxyhydroxide core.
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SAXS anal y sis re vealed a core–shell mor phol ogy com -
pris ing nanometer-sized iron oxyhydroxide cores sur -
rounded by a dis or dered car bo hy drate shell, con sis tent
with a col loi dal nanoparticle sys tem. The scat ter ing pro -
files were suc cess fully fit ted us ing a model con sist ing of
two lognormally dis trib uted spher i cal par ti cle pop u la tions
com bined with a hard-sphere struc ture fac tor, re veal ing a
bi modal par ti cle size dis tri bu tion. The larger par ti cle pop u -
la tion ex hib ited mean di am e ters of ap prox i mately 10–15

nm, whereas the smaller par ti cle population had mean
diameters of approximately 3.5–5 nm.

The com bi na tion of SAXS and XRD pro vides com ple -
men tary mor pho log i cal struc tural and microstructural in -
for ma tion, dem on strat ing that ICM con sists of
nanocrystalline iron oxyhydroxide do mains em bed ded
within an amor phous polysaccharide ma trix. These find -
ings con trib ute to a deeper un der stand ing of the
physicochemical sta bil ity of ICM and the struc tural fea -
tures gov ern ing its controlled iron release in vivo.
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Inter na tion ali sa tion is one of the key stra te gic pri or i ties of
Trnava Uni ver sity in Trnava (TRUNI). Based on an in sti -
tu tional au dit, its 2025-2030 strat egy seeks to em bed an in -
ter na tional di men sion across ed u ca tion, re search, mo bil ity, 
ser vices, and co op er a tion with so ci ety. This con tri bu tion
pres ents how the strat egy is be ing trans lated into prac tice
through TRUNI In ter na tional and par tic i pa tion in the
KreativEU - Knowl edge & Cre ativ ity Eu ro pean Uni ver sity 
Al li ance.

The strat egy com bines mea sur able tar gets with in sti tu -
tional de vel op ment. Its pri or i ties in clude a stron ger In ter -
na tional Re la tions and Mo bil ity Of fice, a phys i cal and
vir tual TRUNI Hub, the TRUNI Fo rum for in ter na tional
ac a demic di a logue, sus tain able and in clu sive mo bil ity, im -
proved sup port for in ter na tional re search ers, more courses
and programmes in Eng lish, hy brid learn ing, micro -
credentials, joint de grees, and sys tem atic mon i tor ing. By
2030, TRUNI aims to in crease stu dent and ac a demic staff
mo bil ity by 30%, ad min is tra tive staff mo bil ity by 20%, and 
in ter na tional re search pro jects by 25%, while ex pand ing
Eng lish-taught provision and strengthening mutual
recognition within KreativEU.

These goals build on an es tab lished in ter na tional base.
In 2024/25, 216 TRUNI stu dents and em ploy ees par tic i -
pated in mo bil ity abroad and 139 in ter na tional stu dents and 
em ploy ees came to TRUNI; the uni ver sity co op er ates with
more than 200 part ner in sti tu tions. Within KreativEU, this

bi lat eral net work is be ing de vel oped into more struc tured,
in ter dis ci plin ary, and al li ance-wide col lab o ra tion. Ac tiv i -
ties in clude Blended In ten sive Programmes, sum mer
schools, teach ing and train ing mo bil i ties, joint sem i nars,
stu dent par tic i pa tion, hy brid for mats, and net work ing
among uni ver si ties, cul tural or gani sa tions, and re gional
stake holders. Cul tural her i tage serves as an es pe cially pro -
duc tive bridge be tween dis ci plines. The Her i tage Game
sem i nar hosted by TRUNI in 2025 brought to gether more
than 60 par tic i pants from seven coun tries to ex plore
gamification and com mu nity-based her i tage work. The
MoCuHer BIP sim i larly con nects scientific training,
cultural heritage, intercultural exchange, and institutional
cooperation.

The con tri bu tion ar gues that KreativEU func tions as an
ac cel er a tor of TRUNI's inter na tion ali sa tion strat egy: it
broad ens ac cess to in ter na tional ex pe ri ence, sup ports inter -
na tion ali sa tion at home, and links mo bil ity with cur ric u lum 
de vel op ment, re search col lab o ra tion, and so ci etal en gage -
ment. It also iden ti fies the next im ple men ta tion pri or i ties:
em bed ding al li ance op por tu ni ties across all fac ul ties, en -
sur ing in clu sive par tic i pa tion, re cog nis ing learn ing out -
comes, sup port ing staff ca pac ity, and us ing ev i dence- 
based mon i tor ing to turn in di vid ual ac tiv i ties into sus tain -
able in sti tu tional 
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