Nazev ramcového
tématu
cesky/anglicky

Anotace (Cesky)

Anotace (anglicky)

Skolitel

2

2

Skolitel-
specialist

Cislo a
nazev
projektu
/grantu

DNA moduly pro kontrolovany pienos energie mezi molekulami
DNA-assembled energy-transfer modules

Optické senzory zalozené na pienosu energie mezi
molekulami jsou Siroce vyuZzivany v biomedicinské
diagnostice k detekci molekularni blizkosti, interakci
a konformacnich zmén dulezitych pro identifikaci
onemocnéni. Jejich klinické vyuziti je vSak casto
limitovano kratkym dosahem a omezenou moznosti
fizeni pfenosovych mechanismtl, coz vytvaii potiebu
novych, programovatelnych senzort. Cilem prace je
vybudovat knihovnu molekularnich modul na bazi
DNA, které kontroluji rizné mechanismy pienosu
energie, od Kklasického Forsterova rezonanéniho
ptenosu energie (FRET) az po koherentni
excitonickou delokalizaci. S pomoci DNA origami
uspoiada  student/ka  fluorofory s  pfesné
kontrolovanymi vzdalenostmi a orientaci, coz
umozni systematickou kontrolu nad tim, jak jsou
optické excitace sdileny a prenaseny. Konkrétné
stanovi, jak molekularni uspofadani ftidi vznik
riznych rezimi pfenosu sestavenim: (i) para FRET s
laditelnou vzdalenosti donor—akceptor a orientaci
dipolu, (ii) koherentnich J- a H-agregati tvofenych
uspoiadanym skladanim barviv uvnitt uzavienych
dutin origami a (iii) cyklickych prstencovych
geometrii podporujicich delokalizované excitonové
stavy. Vysledna modularni sada nastroji vytvofi
zaklad pro nové molekularni senzory zaloZené na
prenosu energie. To povede K rozsifeni rozsahu
vzdalenosti molekularnich senzorti na bazi prenosu
energie — nejvetsi praktické limitace této techniky.
Kandidat/ka ziska expertizu v DNA nanotechnologii,
konjugaci fluorofor pomoci "click" chemie,
molekularnim designu pomoci simulaci (0xDNA) a
optické spektroskopii.

Energy-transfer—based optical sensors are widely used in
biomedical diagnostics to report on molecular proximity,
interactions, and conformational changes relevant to disease
biomarkers. However, their clinical applicability is often
limited by short sensing ranges and restricted design
flexibility, motivating new bioengineered platforms that
extend and control energy transfer with molecular precision.
The aim of this PhD project is to build a library of DNA-
based molecular modules that control distinct energy-
transfer mechanisms, ranging from classical Forster
resonance energy transfer (FRET) to coherent excitonic
delocalization. Using DNA origami as a programmable
scaffold, the candite will construct fluorophore assemblies
with precisely controlled distances, orientations, and
packing geometries, enabling systematic control over how
optical excitations are shared and transferred between
molecules. Specifically they will establish, how molecular
arrangement governs the emergence of different transfer
regimes by assembling: (i) FRET pairs with tunable donor—
acceptor distance and dipole orientation, (ii) coherent J- and
H-aggregates formed by ordered dye stacking inside
confined origami cavities, and (iii) cyclic ring geometries
supporting delocalized excitonic states. This will extend the
spatial range of energy transfer-based molecular sensors, the
biggest practical limitation of this technique, improving the
overall performance of the device. The candidate will be
trained in DNA nanotechnology, fluorophore conjugation
via click chemistry, molecular design using coarse-grained
simulations (0xDNA), and steady-state and time-resolved
optical spectroscopy. The resulting modular toolkit will
form a foundation for constructing higher-order excitonic
architectures and for new energy transfer-based molecular
Sensors.
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