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Plasmonic magnification of molecule movement

Plazmonick

Vcasna diagnostika a personalizovana medicina
stale vice zavisi na schopnosti sledovat
biomolekularni interakce a konformacni zmény na
urovni jednotlivych molekul, které ¢asto urcuji vznik
a pribéh onemocnéni i odpovéd na 1écbu.
Biomedicinské inzenyrstvi proto usiluje o vyvoj
citlivych optickych nastrojii umoznujicich sledovani
molekularni dynamiky v realném case. Cilem prace
je vytvofit nanosenzory, které =zesili pohyb
jednotlivych molekul a umozni tak monitorovani
dynamiky molekul v realném case s vyssi
citlivosti. To zlepsi diagnostické vlastnosti senzort
na molekularni urovni. Student/ka ziska expertizu v
lokalizacni mikroskopii jednotlivych molekul,
samoorganizaci DNA a strojovém uceni pro popis a
rekonstrukci posunt v projekci fluoroforii vazanych
na plazmony. Student/ka ur¢i, jak tyto posuny fidit
zménou mechanismu zesileni, vzdalenosti fluorofor-
plazmon a jejich dynamiky. K demonstraci
potencialu pro monitorovani molekuldrni dynamiky
kandidat/ka 1) navrhne a vyvine plazmonicky &ip
slozeny z mnanocastic. 2) Bude simulovat tyto
systémy pro identifikaci nejslibnéjSich konfiguraci a
sestavi naSe navrhy pomoci DNA origami pies
dvourozmérné miizkové struktury. 3)
Experimentaln¢ ovefi navrzeny senzor provedenim
lokaliza¢ni mikroskopie na relevantnim modelovém
systému a algoritmicky rekonstruuje jejich polohu.

Early diagnosis and precision medicine increasingly rely on
the ability to observe biomolecular interactions and
conformational changes at the single-molecule level, as these
dynamics often determine disease onset, progression, and
therapeutic response. In biomedical engineering, developing
ultrasensitive optical tools to monitor molecular motion in
real time is critical for next-generation diagnostic assays. The
aim is to create nano-sensors that will amplify the movement
of single molecules to enable real-time monitoring of
molecule dynamics with higher sensitivity. This will lead to
the increase of performance of diagnostic devices on the
molecular level. The researcher will be trained in single-
molecule localization microscopy, DNA self-assembly, and
machine learning to describe and reconstruct sub-diffraction
limited shifts in the projection of plasmon-coupled
fluorophores. They will determine how to control these shifts
by altering the enhancement mechanism, fluorophore-
plasmon distance, and their dynamics. To demonstrate the
potential to advance monitoring of molecular dynamics, the
candidate will 1) design and develop a plasmonic chip
composed of multiple nanoparticles competing for the
photons emitted by a single fluorophore. 2) They will
simulate these systems to identify the most promising
configurations and assemble our designs via DNA origami
across two-dimensional grid-like structures. 3) They will
experimentally validate the designs by performing single-
molecule localization microscopy on a relevant model
system and algorithmically reconstruct their movement.
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