Nanoparticle development for molecular imaging
and drug delivery

Four specific aims were outlined for this two ygaoject. Aim 1 sought to develop new ligands tadde
nanoparticles together for quantitative molecutaaging. Novel materials developed in this aim wemrgeted
towards enhancing the properties of gold and sigropatrticles to better facilitate their use inleoalar imaging.
The second aim was targeted towards understandmdpehaviour of copper-binding proteins on the aefof
neurons. Such proteins play an important roleignaling in the brain and have been implicatech@urological
disorders. The third aim of this project was t® umrbohydrates to coat the surface  nanopartehes to
incorporate photo-cleavable linkers that could thelease carbohydrates or other molecules on ttfacguof the
nanoparticles in a controlled manner. The last\aam to determine if such carbohydrate-coated remtiofes could
interact with the surfaces or viral particles ustagbohydrate-carbohydrate interactions.

Specific Aim 1. Develop new ligands that bridge nanoparticles together for quantitative molecular imaging.
The initial synthesis of the linker ligands thatrevgoroposed was completed on time and analysisusfers that
resulted from binding to nanoparticles was perfatmeThe initial results were inconclusive and asesult,
conditions for the nanoparticle clustering weretar optimized. New methodology for clustering ngaticles was
envisioned using small magnetic particles as oppasebridging ligands. This approach should allaw €asier
separation of clusters from solution but resulaiiger aggregates of nanoparticles. Binding oksiparticles to the
surface of magnetic particles has been succedsfulever, control of aggregation has proved challengnd to
date, aggregates that have formed have been @® flar molecular imaging and their stability hagmelifficult ot
control in an aqueous environment. Current effarts now focussed on stabilizing the initial magnebres in
solution as is appears that this is the primaryllehge in synthesizing monodisperse rationally giesd
nanoparticle clusters for the newly designed targéthis aim.

Specific Aim 2:  Use nanoparticles to probetheinteractions between signalling proteinsin the brain.

Here a major modification to the project resultedising fluorescent proteins instead of nanopaditb study the
effects of copper on protein localization; howevidigse studies have also had the greatest impasctiémtific

discovery of the four aims to date. Here we stiidiee effect of low doses of copper complexes enldlalization
of three proteins — the copper uptake protein hGTayloid precursor protein and prion protein. @&ge of

amyloid precursor protein results in beta-amylotdah is the primary component of plaques foundhia brains of
patients with Alzheimer's disease, while misfoldinf) the prion protein is responsible for Creutztelthkob

disease. Both proteins bind copper and misregulaif copper binding appears to be important tlogmssion of
both diseases. Our studies found that despite sepwets which state that prion protein is inteimed upon the
addition of copper to the extracellular environmehtt at physiologically relevant concentratiotfiscopper, the
levels of prion protein on the cell surface actpaticrease by up to an order of magnitude. Thigndmportant
finding as previous studies had used much largeeslof copper and forms of copper complexes thatduoot be

present in the brain and thus observed trendsntiagt not be consistent with those that actually odéouthe a
neurological environment. We attempted to repredeanditions similar to what might be found in amal brain

and found very noticeable changes in protein numbegtocalization at the surface. In addition toiserease in the
number of proteins on the surface, it was also chakat while before adding copper, proteins wenenébin

localized domains, after the addition of coppeotgins were found to be diffused across the egsiilar surface
(Figure 1). This result suggest that the additboopper may be disrupting interactions betweéonpprotein and
other components of the cell surface.

Specific Aim 3: Develop glycosylated nanoparticles with photo-cleavable linkers for drug delivery and
proteomic studies. For Aim 3 completion of the initial photo-cleavabieker was achieved ahead of schedule,
however, it was found to be incompatible with thmdtionalization chemistry to attach it to the naaxticle
surface. A new molecule was then designed andntoilecule has been synthesized and is nhow being tase
functionalize nanoparticles. Additionally, new fieles that can upconvert light to shorter wavethadghave been
synthesized and will be used in the developmenhefphotochemical assays for drug release. Thieekd drug
candidate has been changed from cisplatin as atigiproposed to a carbohydrate based on other teodevelop
novel vaccine candidates in the research groupe stabilization of these particles in aqueous médi proved
challenging and is still an ongoing area of foaustliis aim. Additionally carbohydrates have basad to



Figure 1. HepG2 liver cells treated with 25 uM copper foh. Blue colour in top row shows fluorescencarfro
antibody staining for prion protein using a FITGggated secondary antibody. The middle and iiiglalge show
the difference in effect the form of copper hagtoachange in localization. Below, analysis uging! counting in
ImageJ quantifies the increase in fluorescenckeeat¢ll membrane. Percentages indicate the relstifface area of
the cells exhibiting fluorescence from labellecbprprotein.

functionalize both silver nanoparticles and CdSEfjuantum dots. New procedures for producingetadrticles
with surface carbohydrates have been developedtendumbers of sugars on the surface have beertifipdn
Furthermore we have tested the toxicity of thesgigbes against both neurons and liver cells anthébthat the
identity of the sugar is critically important foagicle stability, uptake and toxicity. We are mantly examining
whether this is a result of direct interactionshwiiiomolecules on the surface of cells or whetlrapke properites
such as differences in particle charge might beltieg in these observed biological differences.

Specific Aim 4:  Use glycan functionalized nanoparticles to detect viral particles and inhibit viral entry. Aim
4 was started ahead of schedule. Glycan funcimathinanoparticles have been developed and cheracteas
described in specific aim 3. We have performeadysthat show that sugar-binding lectins such ax@uoavalin A
can specifically bind glucose coated nanoparticlempared to galactose-coated particles. This wak carried
out using an aggregation assay where glucose-cpattidles aggregated in the presence of ConA wgalactose-
coated particles did not. This aggregation arisesfthe sugar-binding protein having multiple bimglisites and
thus bridging particles together resulting in lasggyregates that precipitate from solution. Thientresults in a
corresponding decrease in the absorbance of vikdiein the solution because the concentratiompaticles in
solution decreases. We have not yet found a saitednlbohydrate coating that can detect viral pnstehowever,
we are continuing to screen such ligands and can tlse the absorbance assay to probe the effeesivenf
different carbohydrates with similar structureshte initial candidate.



