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Zlaté nanoklastry jako novy molekuliarni marker a senzor
Gold nanoclusters as new molecular markers and sensors

Molekularni znaceni a senzory tvoii zaklad moderni
klinické diagnostiky, od detekce biomarkert az po
sledovani uCinnosti terapie, pricemz jejich funkce je
Casto omezena stabilitou signalu. Biomedicinské
inzenyrstvi proto hleda nové typy molekularnich sond,
které umozni spolehliveéjsi a kvantitativnéjsi detekci
vazebnych udalosti v biologicky komplexnim prostredi.
Cilem tohoto doktorského projektu je vyvinout novy
molekularni marker zalozeny na klastrech atomu zlata,
ktery zlepsi citlivost molekularni detekce a zlepsi
pfesnost snimani vazebnych udalosti. To povede
Kk zlepSeni diagnostickych vlastnosti molekularnich
sond. Zlaté nanoklastry vykazuji Siroka excitacni
spektra a emisi v daleké Cervené oblasti. To z nich déla
slibné kandidaty pro nové typy markerti a senzord.
Zlepseni spociva v modifikaci optickych vlastnosti
(read-out markeru), které zvysi stabilitu fluorescence, a
umozni nastavit pienos energie mezi dvéma vazebnymi
molekulami  (naptiklad pary protilatka-antigen).
Student/ka ziska expertizu Vv optické spektroskopii,
fluorescencnich technikdch jednotlivych molekul a
fotofyzikalnim modelovani. Bude zkoumat pfenos
energie ve FRET systémech, kde zlaté nanoklastry
funguji jako univerzalni akceptory, se zaméfenim na
pochopeni a vyuziti jejich schopnosti piijmout efektivni
dipolovou orientaci donoru, coz potencialné eliminuje
nejistoty souvisejici s orientaci pii meéteni vzdalenosti
mezi interagujicimi molekulami. Dale bude student/ka
charakterizovat dynamiku tripletovych stavli a spinové
zavislou fotofyziku nanoklastrli, aby posoudil/a jejich
vhodnost pro optickou manipulaci se spiny a senzoriku.
Tento projekt stanovi zakladni principy navrhu pro
pouziti zlatych nanoklastri jako robustnich sond v
biomolekularnich zafizenich a nové vznikajicich
aplikacich kvantového sensingu.

Molecular imaging and sensing are central to modern
clinical diagnostics, from early disease detection to
monitoring treatment efficacy, yet current fluorescent
markers are often limited by photostability and
sensitivity. Biomedical engineering therefore seeks new
classes of robust molecular probes that enable more
reliable, quantitative read-out of biomolecular binding
events in complex biological environments. The aim of
this PhD project is to develop a new molecular marker
based on clusters of gold atoms that will improve the
sensitivity of molecular detection and improve the
precision of sensing of binding events. This will improve
molecular diagnostic devices. Gold nanoclusters exhibit
broad excitation spectra and far-red emission, making
them promising candidates for new types of markers and
sensors. The improvement will be enabled by tailoring
optical properties (read-out) that increase the stability of
fluorescence and by modulating the energy transfer
between two binding molecules (typically labelled
antibody-antigen pairs). The candidate will be trained in
optical spectroscopy, single-molecule fluorescence
techniques, and photophysical modeling. They will
investigate energy transfer in FRET systems where gold
nanoclusters act as universal acceptors, with a focus on
understanding and exploiting their ability to adopt the
effective dipole orientation of the donor, potentially
eliminating orientation-related uncertainties in distance
measurements. In parallel, the student will characterize
triplet-state dynamics and spin-dependent photophysics
of the nanoclusters to assess their suitability for optical
spin manipulation and sensing. This project will establish
fundamental design principles for wusing gold
nanoclusters as robust probes in biomolecular devices
and emerging quantum sensing applications.
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