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In No vem ber 1895, Wil helm Conrad Röntgen dis cov ered
X-rays, a new type of in vis i ble ra di a tion that can pass
through the body and cre ate im ages of bones and or gans.
His me tic u lous ex per i ments not only re vealed a new
branch of phys ics but also trans formed med i cine by in tro -
duc ing di ag nos tic im ag ing.  Röntgen’s wife, Anna Ber tha,
was part of this story—her hand was the sub ject of the very
first X-ray pic ture, which showed her wed ding ring and be -
came a pow er ful sym bol of the new in ven tion.

News about X-rays spread very fast. Within weeks,
news pa pers in Eu rope and the United States were re port ing 

the dis cov ery. This quick pub lic ity helped bring X-rays
from the lab o ra tory into med i cal prac tice al most im me di -
ately.

To day, X-rays are used ev ery day in hos pi tals and clin -
ics to di ag nose bro ken bones, lung dis eases, and many
other con di tions. They are also im por tant in can cer treat -
ment, den tistry, air port se cu rity, and sci en tific re search.
From Röntgen’s first ex per i ment to mod ern tech nol ogy,
X-rays have be come one of the most valu able tools in both
medicine and science.
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X-RAY IN STRUCTU RAL BI O LO GY
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Prague, Czech Re pub lic

How do we know what pro teins look like? How can we
study the in vis i ble ma chin ery of life at the atomic level?
The an swer lies in the pow er ful use of X-rays in struc tural
bi ol ogy. By an a lyz ing how X-rays dif fract on crys tals of
biomolecules, we can re con struct de tailed 3D struc tures
that re veal how these mol e cules work – and how we can

tar get them in med i cine, bio tech nol ogy, and re search. This
talk ex plores how X-ray crys tal log ra phy has be come one

of the most es sen tial tools in struc tural bi ol ogy, chang ing
our un der stand ing of life, health, and dis ease, and how it is
still driv ing ma jor dis cov er ies to day. We will walk through 
the prin ci ples be hind the tech nique, its his tor i cal mile -
stones, and ex plain why see ing is be liev ing when it co mes
to bi ol ogy.
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TRACING THE ORIGIN OF THE TIMBERS OF NOTRE-DAME DE PARIS: SR–ND
ISOTOPIC AND MULTI-ELEMENTAL FINGERPRINTS

A. Imbert Štulc
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ALMA Lab o ra tory, Øež, Czech Re pub lic
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The wooden frame work of No tre-Dame de Paris Ca the dral
was al most en tirely de stroyed by fire on 15 April 2019. Al -
though the charred tim bers could not be re used for the re -
con struc tion, they were of great in ter est to his to ri ans and
ar chae ol o gists. Their study pro vided an unique op por tu nity 
to ex plore over 800 years of the mon u ment’s his tory and to
gain new in sight into ca the dral con struc tion in the Cen tral
Mid dle Ages (11th–13th cen tu ries). A key ques tion for un -
der stand ing me di eval for estry man age ment and the tim ber
trade was the prov e nance of the beams.

Prov e nance de ter mi na tion was based on a multi -
disciplinary ap proach com bin ing the study of his tor i cal ar -
chives, the ob ser va tion of ar chae o log i cal fea tures, and the
anal y sis of the geo chem i cal (multi-el e men tal and Sr–Nd
iso to pic) com po si tion of the wood. Trac ing with geo chem -
i cal sig na tures con sists of dis crim i nat ing sites based on
their geo log i cal and pedological con texts. Trees take up
nu tri ents from the bioavailable soil pool dur ing their
growth. Con cen tra tions of min eral nu tri ents and iso to pic
ra tios in wood are there fore linked to the geo chem i cal com -
po si tion of soils and un der ly ing rocks. Ab sorp tion of cer -
tain el e ments (e.g., Mn, Ca) is con trolled by soil pH, while
iso tope ra tios re flect the type and age of the bed rock. These 
trac ers pro vide com ple men tary in for ma tion on the en vi -
ron ment where trees grow. In the case of ar chae o log i cal
wood, geo chem i cal sig na tures may be fur ther mod i fied by
post-depositional con di tions [1].

The case study of the No tre-Dame tim bers re quired (1)
ver i fi ca tion of the sta bil ity of geo chem i cal trac ers in car -
bon ized wood, and (2) the es tab lish ment of a ref er ence da -
ta base of multi-el e men tal and iso to pic sig na tures in
pres ent-day woods around Paris.

High-tem per a ture ex po sure did not al ter the Sr and Nd
iso to pic com po si tion, but caused vol a til iza tion and the loss
of some el e ments. El e men tal trac ers were there fore se -
lected based on their thermostability (i.e., el e ments show -
ing < 20% de crease at 800 °C) [2]. The ref er ence da ta base
com prised 12 for est sites, each rep re sent ing a dis tinct type
of sub strate, cov er ing the geo log i cal and soil di ver sity of
the Seine River catch ment area. Prov e nance of pres ent-day
wood could be re solved with 93% ac cu racy, with site dis -
crim i na tion pri mar ily con trolled by the 87Sr/86Sr iso to pic
ra tio and the Mn/Ca and Sr/Ca ra tios [3]. The car bon ized
No tre-Dame tim bers were ana lysed for fell ing dates and
geo chem i cal sig na tures, which were com pared both in ter -
nally and with source for ests from ref er ence da ta base. The
sig na tures of most me di eval beams were char ac ter is tic of
stands grow ing on deep silty soils, consistent with archival
evidence placing their origin southeast of Paris.

1. F. Hajj, A. Poszwa, J. Bouchez, and F. Guérold, 'Ra dio -
genic and "sta ble" stron tium iso topes in prov e nance stud -
ies: A re view and first re sults on ar chae o log i cal wood from 
ship wrecks', J. Archaeol. Sci., vol. 86, pp. 24-49, Oct.
2017, doi: 10.1016/j.jas.2017.09.005.

2. A. I. Štulc et al., 'Multi-el e men tal and Stron tium-Neo dym -
ium Iso to pic Sig na tures in Charred Wood: Po ten tial for
Wood Prov e nance Stud ies', Int. J. Wood Cult., vol. 1, no.
aop, pp. 1-48, 2023.

3. A. I. Štulc et al., 'Trac ing the or i gin of wood at the re gional 
scale with dendrochemical mark ers: el e men tal and stron -
tium and neo dym ium iso to pic com po si tion', Sci. To tal En -
vi ron., vol. 957, p. 177640, Dec. 2024, doi:
10.1016/j.scitotenv.2024.177640.
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REVEALING OF LEAD AND MERCURY SOAPS IN MINIATURE PORTRAITS
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Saponification of paint lay ers of ten in duces un wanted
changes of the orig i nal ap pear ance of paint ings caused by
the in creased trans par ency and/or opac ity of the af fected
paint lay ers. The as formed soap ag gre gates have a strong
ten dency to grow ing in time. They could, there fore,
threaten the sta bil ity of works of art when the pro trud ing
and efflorescing soaps re sult in the loose of paint lay ers’
ad he sion. [1] In the stud ies of saponification pro cesses, the
at ten tion is paid in the first place to zinc and lead-based
pig ments which are ap par ently the most sen si tive ones to
in ter act with fatty bind ing me dia un der for ma tion of metal
soaps. Nev er the less, our re search of por trait min ia tures has 
re vealed pres ence of dif fer ent types of crys tal line metal
carboxylates fre quently in a con joined oc cur rence of lead
white (2PbCO3·Pb(OH)2) and cin na bar (HgS) in paint lay -
ers, ex cep tion ally even with out pres ence of any lead-based
pig ment, in di cat ing that HgS as sisted to the for ma tion of
Pb and/or Hg carboxylates. [2] How ever, the lack of re li -
able ref er ence struc tural data for mer cury carboxylates lim -
ited both their proper iden ti fi ca tion in artworks and the
ex per i men tal re search of HgS in ter ac tions with bind ers on
mo lec u lar level.

There fore, we syn the sized long chain sim ple and mixed 
mer cury (II) carboxylates of the gen eral for mula
Hg(C16)x(C18)2-x (where C16 and C18 stand for palmitate
and stearate, resp., and (0 ? x ? 2) in the form of pure
polycrystalline pow ders and char ac ter ized them pri mar ily
by XRPD and ssNMR. The crys tal struc ture de scrip tion of
the syn the sized mer cury carboxylates [3] en abled us the
suc cess ful iden ti fi ca tion of mer cury and lead carboxylates
in min ia ture por traits [4]. More over, ap pli ca tion of the
Rietveld re fine ment on the col lected XRPD pat terns pro -
vided a de tailed in sight into the chem i cal com po si tion of

de tected crys tal line mer cury and lead carboxylates, show -
ing their mixed char ac ter (i.e., both palmitate and stearate
an ions are in cor po rated in one com pound). In ad di tion,
spec i fi ca tion of chem i cal com po si tion of de tected mer cury
and lead soaps al lowed us to es ti mate con sump tion of cin -
na bar and lead white by saponification re ac tion based on
mass bal ance re la tions, in di cat ing the orig i nal com po si tion
of de graded paint layers.

This con tri bu tion dem on strates re sults of the first ever
anal y ses of por trait min ia tures by var i ous non-in va sive
meth ods with the spe cial fo cus to XRPD. It also sum ma -
rizes the fun da men tal struc tural char ac ter is tics of syn the -
sized ref er ence mer cury carboxylates and their in valu able
role in the iden ti fi ca tion of mer cury soaps found in painted
artworks.

1. P. No ble, in Metal Soaps in Art. Con ser va tion and Re -
search, ed ited by F. Casadio, K. Keune & P. No ble.
(Springer), 2019, pp. 1-22.

2. S. Garrappa, D. Hradil, J. Hradilová, E. Koèí, M. Pech, P.
Bezdièka, S. Švarcová, Anal Bioanal Chem, 413, (2021),
263 - 278.

3. R. Barannikov, E. Koèí, P. Bezdièka, L. Kobera,
A. Mahun, J. Rohlíèek, J. Plocek, S. Švarcová, Dal ton
Trans, 51, (2022), 4019 – 4032.

4. S. Garrappa, P. Bezdièka, S. Švarcová, J. Hradilová, M.
Pech, D. Hradil, Eur Phys J Plus, 138, (2023), 219.

The au thors thank to all col leagues who par tic i pated in the
re search and anal y ses, namely E. Koèí, S. Garrappa,
M. Pech, D. Hradil, J. Hradilová, J. Plocek, L. Kobera,
J. Rohlíèek, and J. Hermans, as well as to re stor ers, cu ra -
tors and artworks’ own ers col lab o rat ing in the in ves ti ga -
tion of paintings.
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COUN TER FEIT ANAL Y SIS IN REAL FO REN SIC PRAC TICE

Marek Kotrlý, Ivana Turková

In sti tute of Criminalistics, Bartolomìjská 12, 110 00 Praha 1, Czech Re pub lic

The cur rent world mar ket is flooded with coun ter feits in
ev ery sec tor, and the art mar ket and mar ket for art ob jects
are no ex cep tion. Most es ti mates agree that ap prox i mately
30% of items in the art mar ket are coun ter feit. Very of ten, it 
is mod ern or con tem po rary art where it is eas ier to in tro -
duce coun ter feit pieces. Un for tu nately, iden ti fy ing these
coun ter feits is also more dif fi cult when they are of high
qual ity.

In the fo ren sic field, the ten dency is to ap ply a com plex
an a lyt i cal ap proach that en ables the anal y sis of all com po -
nents of a piece of art. The area of paint ing anal y sis is prob -
a bly the most ex ten sive. Com plex anal y ses of the paint
lay ers and other ma te ri als can gen er ally be di vided into
com pletely non-de struc tive meth ods and those re quir ing
the col lec tion of microsamples.

Meth ods clas si fied as non-de struc tive anal y ses in clude
ini tial im ag ing in the vis i ble spec trum, in fra red and UV
spec trum, multispectral pho tog ra phy, and X-ray im ag ing.
X-ray im ag ing is used for non-de struc tive de tec tion of the
com po si tion, struc ture, and con di tion of artworks, for iden -
ti fy ing pre-paint ings and under paint ings, and for map ping
sty lis tic dif fer ences be tween orig i nals and coun ter feits.
Other non-de struc tive meth ods in clude X-ray flu o res cence 
(XRF) and Raman spec tros copy. These meth ods are typ i -
cally used as screen ing tools to ob tain ini tial in for ma tion
about the ex am ined item and to spec ify lo ca tions from
which microsamples should be col lected for fur ther anal y -
sis.

A wide range of de vices and tech niques are used for
fur ther in stru men tal anal y sis. The most im por tant are:

a) Op ti cal and elec tron mi cros copy and micro -
analysis (SEM/FIB and EDS/WDS, mXRF) – these are
ba sic meth ods ap plied to most in or ganic sam ples. Their ad -
van tage is non-de struc tive ness, al low ing the sam ple to be
re used. If cross-sec tion ex am i na tion of paint lay ers is not
nec es sary, the item can be placed di rectly into the mi cro -
scope cham ber with out ad just ment (for sizes up to 20 by 20 
cm). For many items, such as gem stones and jew elry, this is 
the only op tion. To de ter mine quan ti ta tive char ac ter is tics
(for ex am ple, mor pho log i cal pa ram e ters of min eral
grains), im ag ing anal y sis meth ods are used. The data from
in di vid ual sam ples are com pared us ing multivariate sta tis -
ti cal anal y ses. To com pare tex tile fi bers and their frag -
ments, meth ods of quan ti ta tive color mea sure ment at the
microscale are used. For study ing microelements and ad -
mix tures, an XRF de vice built di rectly into the SEM cham -
ber (mXRF) with an an a lyzed sur face size of about 30 µm
is ben e fi cial. This de vice also en ables si mul ta neous
EDS/XRF anal y sis and is suc cess fully used to an a lyze
microelement ad mix tures, for ex am ple, in syn thetic gem
ma te ri als that im i tate nat u ral gem stones. Based on
microelement con tent, it is pos si ble, for in stance, to de ter -
mine the or i gin of cu bic zir co nia (ZrO2), etc. FIB meth ods
are ap plied to study thin lay ers and metal ma te rial struc -

tures (e.g., im i ta tions of gold items coated with ti ta nium
nitride). Items are eval u ated com pre hen sively, and can -
vases are ex am ined—the type of weave is iden ti fied, fi bers
are an a lyzed, and fi ber pig ments and dyes are stud ied. The
ma te ri als used for frames are also ex am ined, etc.

b) X-ray pow der dif frac tion and microdiffraction
(XRD, mXRD) – these meth ods en able di rect phase anal y -
sis of sub stances even within mix tures. The mXRD al lows
ob tain ing com plete struc tural in for ma tion from an area of
ap prox i mately 100 µm, mak ing it pos si ble to an a lyze in di -
vid ual pig ment grains, thin lay ers, etc., di rectly.

c) In fra red spec tros copy (IR, FTIR) and Raman
spec tros copy – these are im por tant com ple men tary meth -
ods. Prob lems can arise when an a lyz ing mix tures due to
sig nif i cant over lap ping of ab sorp tion bands. In IR spec -
tros copy, so-called mir ror re flec tions of ten ap pear in spec -
tra from pol ished sec tions. In Raman spec tros copy,
flu o res cence can com pletely pre vent mea sure ment at the
la ser wave length used.

d) Gas chro ma tog ra phy cou pled with mass spec -
trom e try (GC-MS, MS/MS) – these meth ods are es pe -
cially use ful for iden ti fy ing or ganic sub stances in mix tures. 
In the case of coun ter feit paint ings, they are used to de tect
impregnants that cre ate the ap pear ance of “aged” can vases.

Other meth ods in clude bo tan i cal tech niques (iden ti fi -
ca tion of wood spe cies), bi o log i cal meth ods, and ge netic
anal y sis (for ex am ple, anal y sis of bind ers of bi o log i cal or i -
gin). Sig na ture anal y sis is also per formed, though it is very
chal leng ing since sig na tures usu ally do not rep re sent con -
tin u ous script and the texts are very short.

The multidisciplinary ap proach has en abled the col lec -
tion of a large dataset for both the art ma te ri als da ta base
and the da ta base of paint ing tech niques of im por tant Czech 
paint ers. Re search us ing mo bile spec tro scopic meth ods has 
yielded very sat is fac tory re sults. Thanks to these meth ods,
de tailed char ac ter iza tions of in di vid ual art ists’ pal ettes
have been pos si ble. The data ob tained are fun da men tal for
as sess ing the au then tic ity of artworks. All data, in clud ing
pri mary doc u men ta tion, are stored in spe cially pro -
grammed da ta bases, which will later be used for au then tic -
ity as sess ment of paint ings. Al though these da ta bases are
still in their ini tial stages, they al ready con tain more than
eleven thou sand data en tries.

In prac tice, a few thou sand cases are pro cessed an nu -
ally. Large cases may con tain sev eral hun dred items. Be -
sides pig ment and color anal y sis and com par i son in the
broader sense, a sig nif i cantly wider spec trum of ma te ri als
is ex am ined. These in clude com plex anal y ses of sam ples
with pet ro log i cal and min er al og i cal char ac ter (e.g., rem -
nants of stat ues, sculp tures, gemological items, etc.), anal -
y ses of metal ma te ri als in a broader sense, fi ber
iden ti fi ca tion and tex tile ma te rial anal y sis, anal y sis of tool
marks (e.g., on paint ing frames, com par i son with paint -
ings, de tec tion of tool marks), and more.
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ANAL Y SIS OF FINE ART FORG ER IES IN FO REN SIC PRAC TICE

Ivana Turková, Marek Kotrlý

In sti tute of Criminalistics of the Po lice of the Czech Re pub lic

In vest ing in fine art is widely per ceived as a safe and pres ti -
gious form of long-term cap i tal ap pre ci a tion. How ever,
when the au then tic ity of an art work is ques tioned, such an
in vest ment may be come a sig nif i cant fi nan cial risk. The
ex po nen tial rise in auc tion prices over the past de cades has
made the pro duc tion and sale of art forg er ies an in creas -
ingly lu cra tive and thus dan ger ous field of crim i nal ac tiv -
ity. In many cases, coun ter feits are so so phis ti cated that
they can not be dis tin guished from orig i nals by vi sual in -
spec tion alone, which makes the ap pli ca tion of ad vanced
fo ren sic and an a lyt i cal meth ods in dis pens able.

The In sti tute of Criminalistics of the Po lice of the
Czech Re pub lic, in close co op er a tion with the Na tional
Gal lery in Prague and, more re cently, with the Uni ver sity
of Pardubice, has been de vel op ing ro bust and court-de fen -
si ble pro ce dures for the au then ti ca tion of fine art. These
pro ce dures are based on sys tem atic re search of orig i nal
works by sig nif i cant Czech and Eu ro pean paint ers, es pe -
cially from the late 19th and 20th cen tu ries, and on build ing 
com pre hen sive da ta bases of pig ments and other ar tis tic
ma te ri als. The goal is to pro vide fo ren sic ex perts and law
en force ment au thor i ties with re li able, re pro duc ible, and
sci en tif i cally ver i fi able tools for dis tin guish ing gen u ine
works from forg er ies.

The meth od olog i cal frame work com bines a wide range
of com ple men tary an a lyt i cal tech niques. Op ti cal mi cros -
copy pro vides ini tial in for ma tion on the stra tig ra phy of
paint lay ers, the mor phol ogy of pig ment par ti cles, and ev i -
dence of re touch ing or later in ter ven tions. Scan ning elec -
tron mi cros copy with en ergy-dispersive X-ray
spec tros copy (SEM/EDS) en ables high-res o lu tion im ag ing 
and el e men tal anal y sis of pig ments, fill ers, and fi bers. Fou -
rier-trans form in fra red spec tros copy (FTIR) is ap plied to

iden tify bind ing me dia and or ganic com po nents within
paint lay ers, while Raman spec tros copy sup plies highly
spe cific mo lec u lar in for ma tion, par tic u larly valu able for
iden ti fy ing pig ments and dyes in microsamples. These
tech niques are com ple mented by X-ray dif frac tion (XRD),
which is cru cial not only for the pre cise iden ti fi ca tion of
crys tal line phases but also for de tect ing his tor i cal changes
in pig ment pro duc tion, such as those as so ci ated with ti ta -
nium white or Na ples yel low.

The ap pli ca bil ity of these pro ce dures has been con -
firmed in a num ber of fo ren sic cases in volv ing dis puted
artworks. Fre quently in ves ti gated ma te ri als in clude not
only pig ments and bind ers but also tex tile fi bers and other
com po nents of cul tural her i tage ob jects, which are of ten
es sen tial for dat ing or ver i fy ing both artworks and his tor i -
cal ar ti facts. For ex am ple, the In sti tute has col lab o rated
with re stor ers dur ing the ex am i na tion of the his toric thea tre 
cur tain of the Jew ish Mu seum in Prague, as well as with the 
Náprstek Mu seum in Prague, where in dig e nous South
Amer i can rit ual ar ti facts, in clud ing shrunken heads
(tsantsas), were sub jected to de tailed ma te rial anal y sis.
These case stud ies high light not only the an a lyt i cal chal -
lenges but also the ne ces sity of in ter dis ci plin ary col lab o ra -
tion be tween fo ren sic sci en tists, con ser va tion spe cial ists,
and art his to ri ans. 

The de vel op ment of stan dard ized meth od ol o gies, sup -
ported by this in ter dis ci plin ary ap proach, en sures that the
re sults are both sci en tif i cally valid and le gally de fen si ble
in court. This re search has been fi nan cially sup ported by
the pro ject of the Min is try of the In te rior of the Czech Re -
pub lic: The De vel op ment of a Stra te gic Clus ter for Ef fec -
tive In stru men tal Tech no log i cal Meth ods of Fo ren sic
Au then ti ca tion of Mod ern Artworks (VJ01010004).

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 31,  no. 2a (2025)      s9



Sep tem ber 7, Tuesday

L8

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

Sergio Martínez-Rodríguez

Dpto. de Bioquímica y Biología Mo lec u lar III e Inmunología, Universidad de Granada
sergio@ugr.es

The X-Ray Struc tural Bi ol ogy field re lies on the pro duc -
tion of abun dant, pure and ho mo ge neous pro tein sam ples
for pro tein crys tal li za tion [1]. Be sides its im por tance in
Struc tural Stud ies, pro teins are used at dif fer ent pu rity lev -
els in eco nomic sec tors such as feed in dus try, pharma -
ceuticals or hu man health. Pu ri fi ca tion meth od ol o gies
have im proved dra mat i cally in the past de cades, but they
rep re sent multifactorial-pro cesses highly de pend ent (but
not lim ited to) pro tein pro duc tion hosts, re com bi nant con -
struc tion de sign, lysis meth ods, pro tein sta bil ity (deg ra da -

tion, ag gre ga tion pro pen sity, thermostability,…) and/or
sam ple com po si tion (pH, ionic strength, tem per a ture, ad di -
tives,…) [2,3].

1. McPherson, A. & Gavira, J.A. (2014) Acta Crystallogr F

Struct Biol Commun. 70:2-20.

2 Papaneophytou, C.P. & Kontopidis G. (2014). Pro tein
Expr Purif. 4:22-32.

3. Papaneophytou C. (2019). Mol Biotechnol.
61(12):873-891.
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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).
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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.



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).
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Al though it has been known for more than a cen tury, pro -
tein crys tal li za tion in liv ing cells was con sid ered an ar ti fi -
cial, patho genic phe nom e non for a long time. How ever,
dur ing the past de cades, it has been ob served sur pris ingly
of ten in all do mains of life and is now rec og nized as a phys -
i o log i cal as sem bly pro cess that is also ac ces si ble for re -
com bi nant pro teins in host cells [1]. The ad vent of
high-bril liance syn chro tron sources, X-ray free-elec tron
la sers, and im proved se rial data col lec tion strat e gies has al -
lowed the use of these mi crom e ter-sized crys tals for struc -
tural bi ol ogy [2-7]. Thus, in cellulo crys tal li za tion of fers
ex cit ing new pos si bil i ties for the struc tural in ves ti ga tion of
pro teins in a quasi-na tive en vi ron ment, com ple ment ing
con ven tional X-ray crys tal log ra phy ap proaches.

This lec ture will pres ent an over view of the cur rent
knowl edge about in cellulo crys tal li za tion of na tive and re -
com bi nant pro teins, com ple mented with a dis cus sion of the 
cur rent method de vel op ments to suc cess fully col lect X-ray
dif frac tion data from intracellular crys tals. Ef forts to sys -
tem at i cally ex ploit liv ing in sect cells as pro tein crys tal li za -
tion cham bers and to stream line this pro cess for struc tural
bi ol ogy re sulted in the es tab lish ment of a pipe line to elu ci -
date the struc tural in for ma tion of in cellulo crys tal lized tar -
get pro teins in short time, de noted as ‘InCellCryst’ [8].
Af ter clon ing of the tar get gene into baculovirus trans fer
vec tors, the as so ci ated re com bi nant baculoviruses are gen -
er ated to in fect in sect cells, and crys tal for ma tion is de -
tected at day 4 to 6 af ter in fec tion. If intracellular crys tal 
-lization is suc cess ful, X-ray dif frac tion data of tens of
thou sands of crys tals are col lected di rectly within the liv -

ing cells us ing re cently de vel oped se rial crys tal log ra phy
ap proaches at XFELs [2,3,6,7] or syn chro tron sources
[4,8]. How ever, a re cent proof-of-prin ci ple ex per i ment
dem on strated that a full elec tron dif frac tion (mED) dataset
can be col lected only us ing a sin gle intracellular crys tal in
the low µm size-range [10]. Since low num bers of crys tal
con tain ing cells are fre quently ob tained within a cell cul -
ture, in cellulo mED holds the prom ise to over come this
ma jor bot tle neck of in cellulo pro tein crys tal li za tion, which 
cur rently re stricts a wider ap pli ca tion in struc tural bi ol ogy. 

1. Schönherr R, Rudolph JM, Redecke L, Biol Chem 399,
751-772 (2018).

2. Koopmann R, et al., Nat Meth ods 9, 259-262 (2012).

3. Redecke L, et al., Sci ence 339, 227-231 (2013).

4. Gati C, et al., IUCrJ 1, 87-94 (2014).

5. Schönherr R, et al., Struct Dyn 2, 041712 (2015).

6. Nass KN, Redecke L, et al., Nat Commun 11, 620 (2020).

7. Lahey-Rudolph JM, et al., IUCrJ 8, 665-677 (2021).

8. Schönherr R, Boger J, Lahey-Rudolph JM, et al., Nat
Commun. 15, 1709 (2024).

9.  Lahey-Rudolph JM, et al., J Appl Crystallogr 53,
1169-1180 (2020).

10. Bílá Š, et al., bioRxiv 2025.07.08.663504; doi:
https://doi.org/10.1101/2025.07.08.663504.
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Anae mia glob ally af fects roughly one-quar ter of the world
pop u la tion. It af fects vul ner a ble pop u la tions, par tic u larly
chil dren, preg nant women, and women of re pro duc tive
age, lead ing to se vere health con se quences like in creased
ma ter nal and child mor tal ity, im paired cog ni tive and phys i -
cal de vel op ment, and re duced pro duc tiv ity.

Re li gious her i tage, cul tural and di etary pref er ences sig -
nif i cantly in flu ence anae mia prev a lence by re strict ing ac -
cess to es sen tial nu tri ents like iron, vi ta min B12 and fo late
as seen in per sons with food ta boos, gen der-based food re -
stric tions, or cul tural/re li gious di etary rules, with the haz -
ard of an in creas ing anae mia risk.

Ad dress ing anae mia re quires – be sides cul tur ally sen si -
tive in ter ven tions and com mu nity in volve ment – tai lored
nu tri tion ed u ca tion and pre ci sion med i cine to en sure ef fec -
tive anae mia pre ven tion and man age ment.

Nu tri tion ed u ca tion – re spect ing re li gious her i tage, cul -
tural and di etary pref er ences – starts with a deeper un der -
stand ing of the phys i o log i cal and bio chem i cal back ground
of iron up take.

Se lec ted rea dings 

https://www.who.int/news-room/fact-sheets/detail/anaemia

Biology of Anemia: A Public Health Per spec tive. Britterham et

al., 2023, J. Nutr.

https://doi.org/10.1016/j.tjnut.2023.07.018

Iron insight: exploring dietary patterns and iron deficiency
among teenage girls in Sweden. Stubbendorff et al., 2025,

Eur. J. Nutr. https://doi.org/10.1007/s00394-025-03630-z

Impact of Vegan and Vegetarian Diets on Neurological Health:

A Critical Review. Clemente-Suares et al., 2025, Nutrients.

https://pmc.ncbi.nlm.nih.gov/articles/PMC11901473

Health effects associated with consumption of unprocessed red
meat: a Burden of Proof study. Lescinsky et al. 2022,
Nature Med.

https://www.nature.com/articles/s41591-022-01968-z

As so ci a tions of un pro cessed and pro cessed meat in take with
mor tal ity and cardiovas-cular dis ease in 21 coun tries [Pro -
spec tive Ur ban Ru ral Ep i de mi ol ogy (PURE) Study]: a pro -
spec tive co hort study. Iqbal et al., 2021, Am. J. Clin. Nutr.
https://doi.org/10.1093/ajcn/nqaa448
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This pa per pro poses a reconceptualization of her i tage epis -
te mol ogy through the in te gra tion of eco-cul tural per spec -
tives with con tem po rary the o ret i cal frame works in her i tage 
stud ies. In re sponse to the in creas ing ur gency of en vi ron -
men tal deg ra da tion, cli mate change, and cul tural frag men -
ta tion, her i tage schol ar ship must move be yond tra di tional
di chot o mies of nat u ral ver sus cul tural her i tage. Eco-cul -
tural her i tage, un der stood as the en tan gle ment of eco log i -
cal sys tems and cul tural prac tices, of fers a dy namic lens for 
in ter pret ing, pre serv ing, and man ag ing her i tage in the
Anthropocene. Draw ing on in ter dis ci plin ary the o ries from
en vi ron men tal hu man i ties, crit i cal her i tage stud ies, and In -
dig e nous epistemologies, this pa per de vel ops a con cep tual
model that bridges eco log i cal in ter de pen dence with cul -
tural con ti nu ity. The model is then tested through se lected

case stud ies in East-Cen tral Eu rope, dem on strat ing how
this in te grated ap proach re ori ents her i tage prac tice to ward
sustainability, com mu nity en gage ment, and re sil ience. The 
pa per ar gues that em brac ing eco-cul tural her i tage as a core
an a lyt i cal cat e gory not only en riches our un der stand ing of
place and iden ti ties, but also fos ters in no va tive strat e gies
for her i tage gov er nance and pol icy. Ul ti mately, this study
con trib utes to the for mu la tion of a new her i tage epis te mol -
ogy, one that is re flex ive, ho lis tic, and at tuned to the com -
plex i ties of con tem po rary socio-en vi ron men tal re al i ties.
The pro posed ap proach - cen tral to KreativEU Al li ance as
well - is in tended to serve as both a con cep tual ad vance -
ment and a prac ti cal tool for schol ars, prac ti tio ners, and
policymakers alike.
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Bi o log i cal col o ni za tion is among the most press ing threats
to the in teg rity of built cul tural her i tage, ac cel er at ing ma te -
rial de te ri o ra tion and com pro mis ing long-term pres er va -
tion. Mi cro or gan isms—in clud ing fungi and
bac te ria—pro duce ac ids, pig ments, and en zymes that de te -
ri o rate both or ganic and in or ganic sub strates, re sult ing in
dis col or ation, crack ing, sur face de tach ment, and struc tural
weak en ing. Tra di tional mit i ga tion strat e gies rely heavily
on syn thetic biocides such as qua ter nary am mo nium com -
pounds, phe nols, or com mer cial for mu la tions, which, al -
though ef fec tive, pres ent sig nif i cant draw backs: their
tox ic ity to hu mans, per sis tence in the en vi ron ment, and po -
ten tial to cause ir re vers ible al ter ations to her i tage ma te ri -
als. In line with global sustainability goals and eco log i cal
en gi neer ing prin ci ples, there is in creas ing in ter est in de vel -
op ing bio-based, less harm ful al ter na tives for pre ven tive
and cu ra tive con ser va tion prac tices.

This re search ex plores the use of plant-de rived es sen -
tial oils (EOs) as nat u ral biocides for the sus tain able pres er -
va tion of cul tural her i tage ma te ri als, with a fo cus on mu ral
paint ings, stone, and ce ram ics ma te ri als. EOs ob tained
from fen nel (Foeniculum vulgare Mill.), pen ny royal
(Mentha pulegium L.), lav en der (Lavandula viridis
L’Hér.), and thyme (Thy mus mastichina L.) were tested
against mi cro or gan isms iso lated from em blem atic Por tu -
guese her i tage sites, in clud ing the Con vent of Christ in
Tomar [1], the Ro man city of Conímbriga [2], and the
18th-cen tury mu rals of the House of Moscadim [3]. The
tested strains com prised both bac te ria and fungi, rep re sen -
ta tive of biodeteriorative com mu ni ties af fect ing built her i -
tage.

Biocidal ef fi cacy was as sessed through di rect-con tact
(disk dif fu sion) and mi cro-at mo sphere meth ods. The lat ter
proved par tic u larly prom is ing for frag ile sur faces, as it cap -
i tal izes on the vol a til ity of EOs, en abling antimicrobial ac -
tiv ity with out phys i cal con tact or risk of chem i cal
in ter ac tion with orig i nal sub strates. Field tri als were per -
formed to val i date lab o ra tory re sults un der real en vi ron -
men tal con di tions.

EOs from fen nel, pen ny royal, lav en der, and thyme
showed sig nif i cant antimicrobial ac tiv ity against the mi -

cro or gan isms iso lated from stone and mu ral paint ings, al -
though gen er ally less ef fec tive than the com mer cial
biocide Bi o tin T®. Pen ny royal and fen nel EOs proved the
most po tent antifungal over all, even sur pass ing Bi o tin T®
against fungi. Mix tures of EOs re vealed syn er gis tic ef fects, 
en hanc ing biocidal ef fi cacy. The re sults con firm that the
ef fec tive ness of plant-based biocides de pends on both the
mi cro or gan ism spe cies and the chem i cal com po si tion of
the EOs, high light ing the need for con text-spe cific eval u a -
tion in cul tural her i tage pres er va tion. Field tri als con firmed 
the prac ti cal po ten tial of EO-based treat ments for cul tural
her i tage pres er va tion.

Over all, this re search pro vides com pel ling ev i dence
that plant-de rived es sen tial oils rep re sent a vi a ble and
eco-friendly strat egy for the sus tain able pres er va tion of
built cul tural her i tage. Their dem on strated antimicrobial
ef fi cacy, re new able or i gin, re duced en vi ron men tal im pact,
and po ten tial for non-in va sive ap pli ca tion sup port their in -
te gra tion into con ser va tion prac tice. Fur ther op ti mi za tion
of EO-based for mu la tions and ap pli ca tion meth ods can
strengthen their role as ef fec tive and sus tain able sub sti tutes 
for syn thetic biocides, align ing her i tage con ser va tion with

en vi ron men tal re spon si bil ity.

1. Mateus, D.M.R.; Costa, F.M.C.; Triães, R.P. Es sen -
tial Oils of Plants as Biocides Against Mi cro or gan -
isms Iso lated from Por tu guese Con vent of Christ in
Tomar. In: Yang, Z. (eds) En vi ron men tal Sci ence and 
Tech nol ogy: Sus tain able De vel op ment. ICEST 2022. 
Environmental Sci ence and En gi neer ing. Springer,
Cham. 

2. Mateus, D.M.R.; Ferraz, E.; Perna, V.; Sales, P.;
Hipólito-Correia, V. Es sen tial Oils and Ex tracts of Plants
as Biocides against Mi cro or gan isms Iso lated from the Ru -
ins of the Ro man City of Conímbriga (Por tu gal). En vi ron -
men tal Sci ence and Pol lu tion Re search 2023, 31,
40669–40677.

3. Mateus, D.; Costa, F.; de Je sus, V.; Malaquias, L. Biocides
Based on Es sen tial Oils for Sus tain able Con ser va tion and
Res to ra tion of Mu ral Paint ings in Built Cul tural Her i tage.
Sustainability 2024, 16, 11223. 
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NO LA BELS NE E DED – ANA LY ZE YOUR OR GA NEL LES USING HO LO GRA PHY
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Cell me tab o lism plays a piv otal role in both health and dis -
ease, yet con ven tional flu o res cence-based tech niques are
of ten con strained by phototoxicity, photobleaching, and
de mand ing sam ple prep a ra tion. Nanolive’s holotomo -
graphic tech nol ogy en ables la bel-free, high-res o lu tion, and 
con tin u ous mon i tor ing of met a bolic ac tiv ity with out com -
pro mis ing cell vi a bil ity. 

The Smart Lipid Drop let As say and Smart Mi to -
chon drial As say pro vide quan ti ta tive anal y sis of lipid

drop let mor phol ogy and dis tri bu tion, as well as de tailed as -
sess ment of mi to chon drial dy nam ics. By elim i nat ing the
need for dyes and en abling long-term real-time ob ser va -
tion, Nanolive’s tech nol ogy rep re sents a ma jor in no va tion
for bio med i cal re search, ac cel er at ing the dis cov ery of
disease mechanisms and drug responses.

Sep tem ber 8, Wednesday
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Enteroviruses (EV), in clud ing EV-A71 and EV-D68, rep -
re sent an in creas ing pub lic health con cern, es pe cially
among chil dren [1,2]. These vi ruses are as so ci ated with se -
ri ous neu ro log i cal and re spi ra tory ill nesses such as hand,
foot, and mouth dis ease (HFMD) [3,4] and acute flac cid
my eli tis (AFM) [5,6]. Cur rently, there are no spe cific an ti -
vi ral ther a pies avail able for these in fec tions.

This pro ject ex plores a novel ap proach: tar geted pro -
tein deg ra da tion. In stead of in hib it ing vi ral en zymes, we
aim to elim i nate them by ex ploit ing the ubiquitin-
 proteasome sys tem. Our tar get is the 2A pro te ase (2Apro), 
a vi ral en zyme es sen tial for rep li ca tion and im mune eva -
sion. 2Apro pro cesses the vi ral polyprotein and in ter feres
with host de fense mech a nisms by cleav ing eIF4G and dis -
rupt ing in ter feron sig nal ing through IFNAR1 deg ra da tion
and cleav age of MAVS and MDA5 [7,8].

To achieve tar geted deg ra da tion, we pro pose the de vel -
op ment of pro te ol y sis-tar get ing chi me ras (PROTACs)
that link 2Apro to cereblon (CRBN)-me di ated
ubiquitination and proteasomal deg ra da tion [9,10].
PROTACs pro vide ad van tages over con ven tional in hib i -
tors, in clud ing cat a lytic ac tiv ity, com plete re moval of the
tar get pro tein, and re duced sus cep ti bil ity to re sis tance
[9,11].

Our strat egy com bines struc tural bi ol ogy tools (X-ray
crys tal log ra phy, crosslinking mass spec trom e try) with ra -
tio nal de sign to de velop and op ti mize PROTAC mol e cules. 
We es tab lished an ex pres sion and pu ri fi ca tion workflow to
ob tain mil li gram quan ti ties of ac tive, monodisperse 2Apro

us ing sol u bil ity-en hanc ing fu sion tags and
chro ma tog ra phy tech niques, en sur ing suit abil ity for struc -
tural and bio chem i cal stud ies.

This re search builds on the vi sion of the PANVIPREP
con sor tium for broad-spec trum an ti vi ral de vel op ment and
rep re sents a par a digm shift from in hi bi tion to deg ra da -
tion-based an ti vi ral strat e gies. Ul ti mately, this work may
pro vide a foun da tion for new classes of ther a peu tics
against enteroviruses and other RNA vi ruses of ep i demic
and pan demic rel e vance.

1. Grizer CS et al. (2024). Front. Virol., 4:1328457.

2. Ooi MH et al. (2010). Lan cet Neurol., 9:1097–1105.

3. Cordey S et al. (2012). PLoS Pathog., 8:e1002826.

4. Teoh HL et al. (2016). JAMA Neurol., 73:300–307.

5. Xiang Z & Wang J (2016). Semin Respir Crit Care Med.,
37:578–585.

6. Vogt MR et al. (2022). N Engl J Med., 386:2059–2060.

7. Li C et al. (2018). Vi rus Res., 244:262–269.

8. Feng Q et al. (2014). J Virol., 88:3369–3378.

9. Ishida T & Ciulli A (2021). SLAS Discov., 26:484–502.

10. Cow an AD & Ciulli A (2022). Annu Rev Biochem.,
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For over a cen tury, Drosophila melanogaster has stood as
one of the most pow er ful and sta ble model or gan isms in bi -
ol ogy, shap ing our un der stand ing of ge net ics, de vel op -
ment, and neu ro sci ence. While far from be ing a “new
trend,” the fruit fly con tin ues to adapt to in no va tive ap -
proaches. To day, its ge netic trac ta bil ity and con served
path ways make it in valu able for study ing hu man dis ease.

Neurodevelopmental dis or ders (NDDs), such as In tel -
lec tual Dis abil ity and Au tism Spec trum Dis or der, af fect
mil lions of peo ple world wide and are of ten linked to ge -
netic mu ta tions. In our re search, we use Drosophila to in -
ves ti gate a con served, yet poorly char ac ter ized gene
re cently im pli cated in NDDs through clin i cal stud ies. Us -
ing mod ern CRISPR/Cas9 ge nome ed it ing, we gen er ated
knock out and pa tient-spe cific al leles to model the con se -
quences of these mu ta tions in the ner vous sys tem. Cog ni -
tive func tion is as sessed through ha bit u a tion learn ing, a

fun da men tal and evolutionarily con served form of non-as -
so cia tive learn ing, to gether with ad di tional de vel op men tal
and mor pho log i cal anal y ses.

By com bin ing the long-stand ing tra di tion of
Drosophila re search with cut ting-edge ge netic tools, we
ad vance the un der stand ing of genes im pli cated in
neurodevelopmental dis or ders while ex tend ing the rel e -
vance of this clas si cal model or gan ism to hu man health.
This ap proach dem on strates how a cen tury-old model, con -
tin u ally re fined by mod ern tech nol o gies, re mains in dis -
pens able for un cov er ing the mo lec u lar ba sis of hu man
dis or ders and guid ing fu ture bio med i cal re search.

This work is sup ported by a grant from the Czech Sci ence
Foun da tion (grant no. 23-07810S), an EMBO In stal la tion
grant (grant no. IG-5310-2023) to M. Fenckova, and by the 
GAJU grant from the Uni ver sity of South Bo he mia to A.
Koutska.
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FROM THE BRAGGS TO BILL ASTBURY AND THE AD VENT OF MOD ERN
STRUC TURAL MO LEC U LAR BI OL OGY

Tomas Bily1,2, Da vid Kaftan2,3, Jakub Psencik4, Rebecca F. Thomp son5, Ro man Tuma1,5

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.  Jakub Pšenèík, Mika Torkkeli, Anita Zupèanová,
František Vácha, Ritva E Serimaa, Ro man Tuma
(2010). The lamellar spacing in self-assembling
bacteriochlorophyll aggregates is proportional to the length 

of the esterifying alcohol. Pho to syn the sis re search, 104, 
211-219.
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EX TREMELY BRIL LIANT X-RAY SOURCES AND NEW OP POR TU NI TIES IN

MACROMOLECULAR CRYS TAL LOG RA PHY

Petr Pachl

ARN - IBMC - CNRS - Unistra - Strasbourg (France)
IOCB AV CR (Czech Re pub lic)

Over the past de cade, the ad vent of X-ray free elec tron la -
sers de liv er ing ul tra in tense X-ray beams has rev o lu tion -
ized biocrystallography. With a bril liance a bil lion times
higher than at synchrotrons, the XFEL beam de stroys the
sam ple just af ter the emis sion of its dif frac tion sig nal in a
pro cess called “dif frac tion be fore de struc tion”. While this
fire power al lows the char ac ter iza tion of smaller crys tals
than ever (mi cro or even nanocrystals), the sam ple needs to
be re freshed af ter each shot and the col lec tion of a full
dataset re quires se ries of thou sands of crys tals. Also, crys -
tal cryocooling is no lon ger nec es sary and this type of anal -
y sis is mostly per formed at room tem per a ture. In these
near-to-phys i o log i cal con di tions and thanks to the tem po -
ral res o lu tion of XFEL pulses (<100 fs), the dy nam ics of
bi o log i cal sys tems (conformational changes, cat a lytic
events) can be probed in crystallo. Sim i lar pro to cols have
been im ple mented at syn chro tron fa cil i ties and are widely
ac ces si ble.

To take ad van tage of these new ap proaches, crys tal
grow ers need to adapt cur rent pro to cols mainly de voted to

the pro duc tion of large sin gle crys tals, to the prep a ra tion of
show ers of microcrystals with ho mo ge neous size and dif -
frac tion qual ity. Based on crys tal growth prin ci ples and ex -
am ples of al ter na tive crys tal li za tion ap proaches in clud ing
ad vanced crys tal li za tion con trol or microfluidics tech nol o -
gies [1,2,3].

1. de Wijn, Rollet et al. Mon i tor ing the pro duc tion of high
dif frac tion-qual ity crys tals of two en zymes in real time us -
ing in situ dy namic light scat ter ing. Crys tals (2020), 10:
65-77.

2. de Wijn et al. A sim ple and ver sa tile microfluidic de vice
for ef fi cient biomacromolecule crys tal li za tion and struc -
tural anal y sis by seriál crys tal log ra phy. IUCrJ (2019), 6:
454–464.

3. de Wijn, Rollet et al. Crys tal li za tion and struc ture de ter mi -
na tion of an en zyme:sub strate com plex by se rial crys tal log -
ra phy in a ver sa tile microfluidic chip. Jour nal of Vi su al ized 
Ex per i ments (2021), 169: e61972.
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PLASMA DE PO SI TION OF NANOSTRUCTURED SUR FACES: FROM PREP A RA TION

TO (BIO)AP PLI CA TIONS

V. Stranak, P. Curda, A. Horak, H. Maskova, L. Doudova, J. Sterba 

Uni ver sity of South Bo he mia in Èeské Budìjovice, Fac ulty of Sci ence, Branisovska 1760, 37005 Ceske
Budejovice, Czech Re pub lic

Nanostructured sur faces pre pared by means of low-tem -
per a ture plasma rep re sent a rap idly de vel op ing field at the
in ter face of dis charge phys ics, solid-state phys ics,
nanotechnology, and ma te ri als sci ence. The growth of the
field is driven by the ex pan sion of nanomaterials, where
struc tural di men sions on the or der of 10–100 nm pro vide
ma te ri als/sur faces with unique physicochemical prop er -
ties. Nanostructured sur faces can be fab ri cated as ho mo ge -
neous thin films, 2D nanoislands, or nanoparticles
de pos ited di rectly on the sur face or em bed ded into the bulk
of a host ma te rial, with sub se quent ap pli ca tions in mod ern

semi con duc tor elec tron ics, sens ing, biomedicine, cat a lytic
pro cesses, and be yond.

The lec ture maps the pro cess of plasma-as sisted prep a -
ra tion of nanoparticles and nanocomposite films—from the 
ini tial phase of growth ini ti a tion, through the for ma tion of
lay ers with de fined prop er ties, to the uti li za tion of
nanostructures for patho gen de tec tion, dem on strated on
two sen sor de sign con cepts. In the first case, as pects of op -
ti miz ing the prep a ra tion of a nanocomposite of Ag
nanoparticles em bed ded in a plasma poly mer C:H:N:O for
LSPR (Lo cal ized Sur face Plasmon Res o nance) de tec tion
of Lyme dis ease patho gens will be dis cussed.
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EX PLOR ING THE MOR PHOL OGY AND STRUC TURE OF FE-BASED
NANOMATERIALS FOR PHAR MA CEU TI CAL AP PLI CA TIONS US ING X-RAY

SCAT TER ING METH ODS

Mi lan Dopita

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5,  121 16 Praha 2

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 struc ture–func tion
re la tion ships that gov ern sta bil ity and bioavailability. 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). SAXS anal y sis re vealed a core–shell
mor phol ogy with nanometer-scale fer ric oxyhydroxide
cores (~2–5 nm ra dius) and a dis or dered car bo hy drate

coat ing, con sis tent with a col loi dal com plex. XRD pat terns 
ex hib ited broad re flec tions char ac ter is tic of poorly crys tal -
line ferrihydrite, con firm ing the amor -
phous-to-nanocrystalline na ture of the iron core. The
com bi na tion of SAXS and XRD pro vides com ple men tary
in sights, dem on strat ing that ICM is com posed of ultrasmall 
ferrihydrite-like 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 ICM’s physicochemical sta bil ity
and its con trolled iron re lease in vivo.
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