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Targeted scintillator nanoparticles (SNPs) offer a promising approach for minimally invasive X-
ray-mediated optogenetics, addressing the limitations of conventional optogenetics, which 
requires surgically implanted optical fibers to stimulate deep brain regions. Traditional methods 
suffer from risks such as tissue damage and neuroinflammation, while alternative stimulation 
approaches, including near-infrared, magnetothermal, and ultrasonic techniques, have 
significant drawbacks in temporal and spatial resolution. Recent studies have demonstrated that 
biocompatible scintillating particles injected into the brain can convert X-ray radiation into visible 
light, allowing for the activation of optogenetic proteins in deep neural structures [1,2]. However, 
current SNPs are large, diffuse non-specifically at the injection site, and require high X-ray doses
(>1.0 Gy/min), which limits their practical application due to radiation toxicity. This project aims to
develop functionalized, biocompatible SNPs that specifically bind to opsin-expressing neurons, 
significantly enhancing the efficiency of X-ray-mediated stimulation. By synthesizing and 
characterizing highly luminescent lanthanide doped nanoparticles, we will optimize their X-ray-
induced scintillation properties to align with the activation spectra of optogenetic proteins [3,4]. 
Surface functionalization will be tailored to ensure stability in biological environments and to 
promote specific binding to SNAP-tagged channelrhodopsins, reducing non-specific diffusion 
and lowering the required X-ray dose. The functionalized SNPs will be validated in vitro through 
electrophysiological recordings in acute brain slices. By integrating high-resolution focal X-ray 
irradiation, this approach aims to achieve unprecedented spatial and temporal control over 
neuronal circuits in freely behaving animals. Ultimately, this technology could provide a 
transformative, non-invasive alternative to deep brain stimulation, with potential applications in 
the treatment of neurological disorders such as Parkinson’s disease [5].
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