Témata disertac¢nich praci na PFF UJEP pro akademicky rok 2021/22 v doktorském
studijnim programu Aplikované Nanotechnologie.

Dissertation Topics at the Faculty of Science at the UJEP for the Academic Year
2021/2022 in the Doctoral Study Program Nanotechnology.

1. Nanocastice pro biologické aplikace
Nanoparticles for biological applications

Skolitel/Supervisor: Ing. Kamil Lang, CSc., DSc., Ustav anorganické chemie AVCR, Rez
E-mail: lang@iic.cas.cz

Konzultant/Consultant: Kaplan Kirakci, PhDr, Ustav anorganické chemie AVCR, Rez
E-mail: kaplan@iic.cas.cz

Anotace: Singletovy kyslik je reaktivni, cytotoxicka molekula s kratkou dobou Zivota. Vznika
pfenosem energie z excitované molekuly fotosensitizatoru na molekulu kysliku. Limitujicim
faktorem pro aplikace ve fotodynamické terapii rakoviny je omezeny prichod viditelného
svétla tkanémi, ktery sniZzuje G€innost ni¢eni nadord, které jsou umistény hloubéji v téchto
tkanich. Proto jsme zah4jili vyzkum nového typu sloucenin, tzv. radiosensitizatord (RSs), které
Ize excitovat rentgenovym zafenim. Jedna se o sloufeniny zaloZzené na struktufe
molybdenovych klastrovych komplexii. Tento pfistup zvySuje ucinnost excitaéniho procesu,
protoze prinik rentgenového zareni do tkan¢€ nema prakticky zadna omezeni. Cilem diserta¢ni
prace bude vyvinout nové funkéni komplexy a jejich nanocastice, popsat jejich fotochemické
vlastnosti a modifikace pro preferenc¢ni internalizaci v rakovinovych bunikéach. Experimentalni
prace budou pievazné probihat na pracovisti Ustavu anorganické chemie AVCR v Rezi.

Annotation: Singlet oxygen, a short-living, highly oxidative, and cytotoxic species, is
generated via energy transfer from an excited molecule of a photosensitizer to an oxygen
molecule. A limiting factor for application in photodynamic therapy of cancer is poor
transmission of visible light by tissues that reduces the efficiency of tumor destruction when
located in deeper tissues. We initiated the research on a new type of photosensitizers that can
be directly excited via X-rays, so called radiosensitizers (RSs). These compounds are derived
from the structure of octahedral molybdenum cluster complexes. This approach has practically
no limitations in the penetration depth in tissues. The aim of the Thesis will be to develop new
functional complexes and nanoparticle formulations, and investigate their photophysical
properties and modifications for the preferential uptake of RSs in tumor cells. Experimental
work will be predominantly performed at the Institute of Inorganic Chemistry of the CAS in
Rez.



2. Nanoporézni koordina¢ni polymery na bazi fosfinovych kyselin
Phosphinic acid based nanoporous coordination polymers

Skolitel/Supervisor: RNDr.Jan Demel, PhD. Ustav anorganické chemie AVCR, Rez
E-mail: demel@iic.cas.cz

Konzultant/Consultant: Ing. Kamil Lang, CSc., DSc., Ustav anorganické chemie AVCR, ReZ
E-mail: lang@iic.cas.cz

Anotace: Projekt je zaméfen na piipravu novych nanoporéznich koordinac¢nich polymert
zalozenych na linkerech obsahujicich fosfinové kyseliny a testovani jejich aplika¢niho
potencialu napf. pro separaci plynti, protonovou vodivost nebo fotofyzikalni aplikace. Bézné
krystalické nanoporézni koordina¢ni polymery (metal-organic framework, MOF) maji nizkou
stabilitu ve vodném prosttedi, nebo i v pfitomnosti vzdusné vlhkosti. Nedavno jsme v nasi
laboratofi objevili novy typ MOFu zalozenych na bisfosfinovych linkerech, které jsou stabilni
i ve vrouci vod¢. Cilem prace bude rozvinout tento novy druh koordinaénich polymert a
otestovani jejich aplikacniho potencidlu. Experimentalni prace bude probihat pfevazné na
Ustavu anorganické chemie AVCR v Rezi.

Annotation: The project aims at the development of novel nanoporous coordination polymers
based on phosphinic acid linkers and testing their application potentials for gas separation,
proton conductivity, or photophysical applications. Commonly, crystalline nanoporous
coordination polymers (metal-organic Framework, MOF) are not stable in aqueous
environment, or even in the presence of air moisture. Recently, we have in our lab developed
new type of MOFs composed of phosphinic acid-based linkers that are stable even in boiling
water. The aim of the project is to develop this new type of MOFs and testing their application
potential. The experimental work will be mostly done at the Institute of Inorganic Chemistry of
the CAS in Rez.

3. Priprava nanocastic pro ukotveni na pevné substraty
Preparation of nanoparticles for grafting onto solid surfaces

Skolitel/ Supervisor: Doc. Ing. Zdeiika Kolska, Ph.D., PiF UJEP Usti nad Labem
E-mail: Zdenka.Kolska@ujep.cz

Skolitel specialista: Mgr. Monika Benkocka, Ph.D.

Anotace: Cilem bude nalézt optimalni metody piipravy nanocastic (NPs) nékterych vybranych
kovil s cilem jejich nasledného roubovani na upravené povrchy s cilem ziskat materialy
s antibakteridlnimi u¢inky. NPs kovii budou piipravovany o riiznych velikostech, tvarech. Casti
prace bude 1 samotnd aktivace a modifikace vhodnych substrati a nasledné roubovani
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piipravenych NPs na né. Jak pfipravené NPs, tak aktivované a modifikované substraty budou
studovany dostupnymi technikami (UV-Vis, AFM, SEM, DLS, elektrokinetickd analyza,
goniometrie, BET, ...). Piipravené NPs i pevné modifikované a nasledn¢ NPS roubované
substraty budou testovany na antibakterialni aktivitu na vybrané kolonie a u nékterych povrchti
s roubovanymi NPs bude t¢Z sledovan rist a proliferace bun¢k, napt. VSMC, apod.

Annotation: The aim of this work is development of optimal synthesis of nanoparticles (NPs)
of selected metals with the aim their subsequent grafting onto solid substrates. The aim is
preparation of materials of antibacterial activity. Metal NPS will be prepared of different size
and shapes. The part of this work will be also activation and modification of solid substrates
and subsequent grafting of prepared NPs onto them. Either prepared NPs or activated and
modified surfaces will be studied by available methods (UV-Vis, AFM, SEM, DLS,
electrokinetic analysis, goniometry, BET, ...). Prepared NPs and solid substrates modified and
grafted with NPs will be studied for antibacterial activity.

4. Priprava nanostrukturovanych povrchi pro detekci, zachyceni a vyuziti CO2

Preparation of nanostructured surfaces for CO:2 Detection, Capture
and Utilization

§kolitel/Supervis0r: Doc. Ing. Zdetika Kolska, Ph.D., PF UJEP Usti nad Labem
E-mail: Zdenka.Kolska@ujep.cz

Skolitel specialista: Mgr. Monika Benkocka, Ph.D.

Anotace: Cilem prace bude nalézt optimalni metody ptipravy nanostrukturovanych materiali
(zejména polymerti) schopnych zachyceni CO2. Bude se jednat zejména o kompozitni materidly
na bazi polymert roubovanych vhodnymi chemickymi latkami.

Ptipravené materialy budou studovany dostupnymi technikami (UV-Vis, AFM, SEM, DLS,
elektrokinetickd analyza, goniometrie, BET, ...). Na téchto povrsich bude studovéna sorpce
dusiku a COa.

Annotation: The aim of the work will be to find optimal approaches for the preparation of
nanostructured materials (especially polymers) capable of capturing CO2. These materials will
be especially composite materials based on polymers grafted with suitable chemicals.

The prepared materials will be studied by available techniques (UV-Vis, AFM, SEM, DLS,
electrokinetic analysis, goniometry, BET,...). Nitrogen and CO sorption will be studied on
these surfaces.



5. Kompozitni materialy zaloZené na dendrimerech
Composite materials based on dendrimers

Skolitel/Supervisor: doc. Ing. Jan Cermék, CSc., PiF UJEP Usti nad Labem
E-mail: cermak@icpf.cas.cz

Konzultant/Consultant: Ing. Tomas Stragak, Ph.D., UCHP AV CR, v.v.i., strasak@icpf.cas.cz

Anotace: V posledni dobé prudce narostl zajem o nové hybridni anorganicko-organické
kompozitni materidly. Povaha takovych materialii umoznuje jejich jemnou modifikaci na
nanometrové urovni béhem ptipravy a docileni tak optimalnich vlastnosti pro danou aplikaci.
Cilem projektu je ptiprava kompozitii, kde anorganickou matrici budou tvofit levné vrstevnaté
minerdly (pfedev§im montmorillonit) a organickou slozkou budou synteticky pfipravené,
vysoce strukturované organické slouc¢eniny-dendrimery. Tyto slou¢eniny budou navrzeny tak
aby splnily pozadavky aplikace zamyslené pro vysledny material. Vyuziti bude smétovat
predevsim do oblasti katalyzy a materidlové chemie. Uchaze¢ bude muset také zvladnout
Sirokou skalu analytickych metod, které budou nutné pro charakterizaci (XRD, TGA, IC, EDX,
TEM, MAS NMR atd.). PrestoZze syntéza dendrimerd bude provadéna na spolupracujicim
pracovisti, m¢l by byt uchaze¢ alesponl strucné obezndmen s metodami jejich pfipravy a
charakterizace.

Annotation: Recently, a growing interest in new hybrid inorganic-organic composite materials
is observed. Their nature is finely modifiable on nanometer scale and thus allows reaching of
optimum properties for a given application. The aim of the project is the preparation of
nanocomposites in which the inorganic matrix will consist of inexpensive layered minerals
(mostly montmorillonite) and the organic component will be represented by synthetic highly
structured organic compounds — dendrimers. The design of those compounds will concentrate
on fulfilling the needs of application intended for the resulting material. The use of the materials
is expected mainly in catalysis and materials chemistry. The candidate will have to master a
broad spectrum of analytical methods necessary for characterization (XRD, TGA, IR, EDX,
TEM, MAS NMR etc.). The dendrimers will be synthesized at a collaborating institution,
despite that, the candidate should be acquainted at least briefly with methods of their
preparation and characterization.

6. Studium biologickych ucinki novych typu karbosilanovych dendrimeri
The study of biological effects of new types of carbosilane dendrimers

Skolitel/Supervisor: Mgr. Jan Maly, PhD, PfF UJEP Usti nad Labem
E-mail: jan.maly@ujep.cz

Konzultant/Consultant: RNDr. Marek Maly, PhD



Anotace: Cilem prace bude studovat vliv typu, generace a povrchovych modifikaci
polymernich nanocastic, tzv. karbosilanovych dendrimeri na interakci s modelovymi
biologickymi membranami (lipozémy, sBLM, bunééné membrany), modelovymi buné¢énymi
kulturami a vybranymi biomakromolekulami (peptidy, nukleové kyseliny). Ke studiu budou
vyuzity dendrimery p¥ipravené v laboratofich spolupracujicich partnert (v CR tak i v zahrani¢i)
s potencialem jejich biomedicinského vyuziti napf. v oblasti cilené dopravy Iéciv Ci
diagnostiky. Pfedpoklada se vyuziti zejména biofyzikalnich metod (napt. spektro-fluorimetrie,
mikroskopie atomarnich sil, dynamicky rozptyl svétla, stanoveni elektro-kinetického
potencialu, elektroforéza atp.) a provadéni experimentii na modelovych bunécnych liniich
(studium cytotoxicity a transfekce, vyuziti priutokové cytometrie, fluorescenéni mikroskopie
atp.). Tyto techniky jsou dostupné na pracovisti UJEP. V rdmci studia se ptfedpoklada
zahrani¢ni staz na nékterém ze spolupracujicich pracovist. Prace je finan¢né¢ podpoiena
fesenym projektem GACR.

Annotation: The aim of this project is to study the effect of type, generation and and surface
modification of carbosilane denrimeric nanoparticles on interaction with model biological
membranes (liposomes, sBLM, cell membranes) and the selected cell cultures
biomacromolecules (peptides, nucleic acids). Materials will be prepared with regard to their
potential biomedical uses, i.e. in targeted drug delivery and diagnostics and characterized by
biophysical methods (e.g. fluorimetry spectroscopy, atomic force microscopy, fluorescence
microscopy, dynamic light scattering, the determination of the electro-kinetic potential,
electrophoresis) and by cytotoxicity, transfection studies, flow cytometry, etc

7. Polymerni nanovlikenné funkéni membrany pro separaci plyni
Polymeric nanofibrous functional membranes for gas separation

Skolitel/SuperVisor: Prof. RNDr. Pavla Capkové, DrSc, PiF UJEP
E-mail: Pavla.Capkova@ujep.cz

Konzultant/consultant: RNDr. Petr Ry$anek, PhD

Anotace: Vyzkum bude cileny na vyvoj a charakterizaci chemicky modifikovanych
polymernich nanovlakennych textilii pro separace plynt se zaméfenim na zachyt CO.. Bude
provedena optimalizace technologie chemické modifikace a srovnani riznych metod zvlaknéni.
Prace bude zahrnovat i screening vhodnych modifikujicich latek a charakterizaci a testy
funk¢nosti membran.

Annotation: Research will be targeted on the development and characterization of chemically
modified polymeric nanofiber textiles for gas separation with a focus on CO capture.
Optimization of chemical modification technology and comparison of different spinning
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methods will be performed. The work will also include screening of suitable modifiers and
characterization and testing of membrane functionality.

8. Nanokompozitni nanovlikenné membrany pro zachyt vodiku z odpadnich plyni

Nanocomposite nanofiber membranes for hydrogen capture from waste gases

Skolitel/Supervisor: Prof. RNDr. Pavla Capkova, DrSc, PfF UJEP
E-mail: Pavla.Capkova@ujep.cz

Konzultant/consultant: RNDr. Petr Rysanek, PhD

Anotace: Nanokompozity na bazi polymernich nanovlaken s ukotvenymi nanocasticemi kovt
budou pfipravovany pro zachyt a zpétné vyuziti vodiku z odpadnich plynt. Budou hledany
nejvhodnéjsi technologie zvlaknéni (elektrostatické/centrifugalni) a technologie plazmo-
chemické modifikace nanovldken pro stabilni ukotveni nanocéstic. Soucésti prace bude
charakterizace nanovlakennych membran a testy jejich stability a funk¢nosti.

Annotation: Nanocomposites based on polymer nanofibers with anchored metal nanoparticles

will be prepared for the capture and reuse of hydrogen from waste gases. Research will include
the search for the most suitable spinning technology (electrostatic / centrifugal) and plasma
treatment of nanofibres for the stable anchoring of the nanoparticles. Important part of the work
will be the membranes characterization and functionality tests.

9. Transport nano a mikro ¢astic v pritoénych mikrozarizenich urcenych pro
biomedicinské aplikace

Transport of nano- and microparticles in microfluidic devices intended for
biomedical applications

Skolitel/Supervisor: doc. Ing. Jaromir Havlica, Ph.D., PiF UJEP Usti nad Labem

Konzultant/consultant: Mgr. Marcel Stofik, Ph.D., PiF UJEP Usti nad Labem
E-mail: jaromir.havlica@ujep.cz, marcel.stofik@ujep.cz

Anotace: V posledni dobé€ se velmi intenzivné rozviji zékladni vyzkum v oboru biomediciny a
zaroven se rozSifuje 1 fada uspéSnych aplikaci mikrofluidnich zafizeni vyuzitelnych v této
oblasti. Zejména rozvoj tzv. soft-litografie, laserové litografie a rychlého prototypovani pomoci
3D tisku umoznil roz§itené vyuzivani mikrofluidnich zatizeni s moZnosti jejich kontinudlniho
provozu a flexibilitou ovlivilovani v nich probihajicich transportnich jevii dle potieb
jednotlivych aplikaci. Specificnost mikrofluidnich zatizeni s sebou pfinasi Siroké pole novych


mailto:Pavla.Capkova@ujep.cz

moznosti, které vSak lze plné¢ vyuzit, pouze pokud je dané zafizeni optimalizovano pro danou
aplikaci. DalSim specifikem a zaroven komplikaci pti vyvoji a vyuziti pratoénych mikrozatizeni
v bioaplikacich je fakt, ze se Casto manipuluje s vicefaizovym systémem tvorenym kapalinou a
pevnymi Casticemi, které jsou na zacatku rozptyleny v roztoku, ale v ¢ase spolu interaguji,
shlukuji se nebo pouze vlivem gravitace se mohou usazovat ve spodnich ¢astech zatizeni. Pevné
¢astice mohou také rtiznymi zptsoby interagovat s povrchy zatizeni. Pfedlozend prace se bude
zabyvat popisem transportu a chovani nano- a mikro-suspenzi v mikrofluidnich zatizenich za
ucelem optimalizace jejich procesniho vyuziti. Zkoumané suspenze budou naptiklad roztoky
obsahujici nanovesikuly ptirodniho ptivodu, tzv. exozomy, buiiky, nebo vétsi objekty jako jsou
rybi embrya. Vyzkum bude probihat jak pomoci pocitatového modelovani, tak v sobé bude
zahrnovat rozsahlou experimentalni praci.

Annotation: Recently, basic research in the field of biomedicine has been developing very
intensively. Simultaneously, the number of successful applications of microfluidic devices
usable in this field has also been increasing. In particular, the development of so-called soft
lithography, laser lithography, and rapid prototyping using 3D printing enabled the widespread
use of microfluidic devices with the possibility of their continuous operation and the flexibility
of influencing the transport phenomena taking place in them, according to the needs of
individual applications. Microfluidic devices' specificity brings a wide range of new
possibilities, which, however, can be fully utilized only if the device is optimized for the given
application. Another particular complication in the development and use of flow microdevices
in bioapplications is that it is often manipulated with a multiphase system consisting of liquid
and solid particles, which are initially dispersed in solution. But over time, they interact
together, cluster, or only due to gravity may settle in the lower parts of the device. Solid particles
can also interact with the surfaces of the device in various ways. The presented work will
describe the transport and behavior of nano- and micro-suspensions in microfluidic devices to
optimize their operating functionality. The suspensions examined will be, for example,
solutions containing nanovesicles of natural origin, so-called exosomes, cells, or larger objects
such as fish embryos. The research will be carried out both by computer modeling and extensive
experimental work.

10. Izolace a charakterizace rostlinnych nanovesikulii pro biomedicinské aplikace.
Isolation and characterization of plant nanovesicles for biomedical applications

Skolitel/Supervisor: Milan Gryndler, doc., Katedra biologie, PiF UJEP

Konzultant/consultant: Mgr. Jan Maly, PhD., Mgr. Hana Auer-Malinska, PhD.
E-mail: gryndler@centrum.cz, jan.maly@ujep.cz
Anotace: Exosomy jsou malé (30—100 nm) membranové nanovesikuly, které jsou sekretovany

riznymi savéimi buiikami. Tyto nanovesikuly mohou byt pifeneseny do sousednich ¢i
vzdalenych bunék a hrat vyznamnou roli v mezibunééné komunikaci. V nedavné dobé¢ byly
také pozorovany exosémy a exosomum podobné nanocastice rostlinného piivodu, které maji
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strukturu  podobnou exosomim savéim. Exosdémy zprostiedkovavaji mezibunécénou
komunikaci tim, Ze pfendseji sviij biologicky aktivni obsah do vzdéalenych bunck a tim se
podileji na zménach genové exprese a obsahu lipidi v cilovych buiikach. Zda se, ze tyto efekty
spoc¢ivaji v kombinovaném vlivu mitogennich lipidd, signalizacnich proteinti a molekul RNA,
které jsou pfitomny v nanovesikulech. V tekutém prostfedi jsou exosomy znacné stabilni kvli
omezené degradaci jejich rigidni membrany hydrolytickymi enzymy.

Bylo pozorovano, Ze tyto nanostruktury mohou ptisobit jako biologické efektory i mezidruhove,
mezi rostlinami a zivocichy (a podle vSeho i1 Clovékem) a Zze mohou modulovat fadu
fyziologickych procesti. Fyziologicky vyznam exosoma byl prokazan jejich ucasti v
patologickych stavech, jako naptiklad v tvorbé rakovinnych metastdz a v pfenosu patogennich
agens u nékterych neurodegenerativnich onemocnéni. Pro svou idedlni strukturu a dalsi
charakteristiky jsou exosémy slibnymi klinickymi nosi¢i 1é¢iv. Exosémy jsou vyrabény
bunikami za pfirozenych podminek, ale aby mohlo byt dosazeno jejich ucelné¢ modifikace, je
treba dalSitho vyzkumu. Cilem navrhovanych praci je sumarizace znalosti o moznostech
pasivniho i aktivniho "nabijeni" (plnéni) exosému, o moznostech jejich specifickych modifikaci
a o prikladech aplikace 1éCiv a zobrazovacich markerti pomoci exosomu.

Annotation: Exosomes are small (30-100 nm) membranous nanovesicles secreted by a variety
of mammalian cells. These nanovesicles can be transferred into neighbouring or distant cells
and play an important role in intercellular communication. In recent years, plant-derived
exosomes and exosome-like nanoparticles (ELNs) have also been shown to have structures
similar to those of mammalian exosomes. Exosomes mediate cell-to-cell communication by
ferrying their bioactive cargo to distant cells and can facilitate changes in gene expression, as
well as the lipid content in the target cells. These effects appear to result from the combined
action of mitogenic lipids, signalling proteins, and RNAS present in the vesicles. They are quite
stable in biological fluids owing to a rigid membrane that helps prevent degradation by
hydrolytic enzymes.

The findings reveal that the nanoparticles can act as biological effectors across species, from
plants to animals (and presumably humans), and that they can modulate physiological
processes. Exosomes’ physiological importance is evidenced by their involvement in disease
processes such as cancer metastasis and transmission of pathogenic agents in neurodegenerative
diseases. Because of their ideal native structure and characteristics, exosomes are promising
nanocarriers for clinical use. Exosomes are engineered at the cellular level under natural
conditions, but successful exosome modification requires further exploration. The focus of the
proposed work is to summarize passive and active loading approaches, as well as specific
exosome modifications and examples of the delivery of therapeutic and imaging molecules.



