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Synthesis of FITC-APTS conjugate 
In the FITC-APTS conjugate, FITC is covalently attached to the APTS silane compound by a stable thiourea linkage. Briefly, 69 mg APTS and 5.25 mg FITC were combined together in 1 ml of absolute ethanol under dry nitrogen atmosphere and stirred magnetically for 12 hr. The FITC-APTS conjugate solution is protected from light during reaction and storage to prevent photobleaching. The conjugate is later used as the fluorescent silane reagent.  

Synthesis of FSNPs

The starting materials for FSNP synthesis are 3-(aminopropyl)triethoxysilane (APTS), tetraethylorthosilicate (TEOS), FITC, ammonium hydroxide (NH4OH, 25-28 wt% in water), cyclohexane, n-hexanol, triton X-100 (TX-100), ethanol and deionized (DI) water. First, a W/O microemulsion was prepared by mixing 7.7 ml cyclohexane (oil), 1.77 g TX-100 (surfactant), 1.6 ml n-hexanol (co-surfactant), 0.34 ml DI water in a 20 ml glass container for 15 min. With an interval of 10 min between two successive addition, 50 (l FITC-APTS conjugate, 100 (l TEOS and 100 (l NH4OH were added.  After 30 min of stirring, about 15 (l of THPMP was then added and stirring was continued at room temperature. After 24 hr, the microemulsion system was destabilized by adding denatured ethanol, and FSNPs were collected by centrifugation. FSNPs were then repeatedly washed and centrifuged 4 to 5 times with ethanol and 2 times with DI water. For re-dispersing FSNPs, each centrifugation step was followed by vortex and sonication. 

Dye leaking experiment

After completing washing steps (as mentioned above), FSNPs were checked if there was any dye leaking. Aqueous suspension of FSNPs (10 mg/ml) was first sonicated for about 5 min and then centrifuged down at 13,000 rpm for 15 min. The supernatant was clear. The fluorescence of the supernatant was measured using a spectrofluorometer. The fluorescence intensity of the supernatant was close to that of the background signal. This experiment was repeated 3 times. There was no noticeable change in the supernatant fluorescence intensity in successive experiments. This confirmed that FITC molecules were covalently bound to the silica matrix, obviously showing no dye leaking. 

Conjugation of TAT peptide to FSNPs 

For 2-pyridyl disulfide-derivatization of above silica NPs, 25 mg of N-succinimidyl 3-(2-pyridyldithio)propionate (SPDP) in 0.5 ml of dimethyl sulfoxide (DMSO) is added to 7 ml of silica NP buffer solution (~25 mg silica NPs/ml, buffer solution with 0.01 M tris base and 0.02 M citric acid, pH 7.4). The mixture is allowed to react for 12 hr at room temperature. Low molecular byproducts are removed via a gel permeation chromatography (GPC), equilibrated with above buffer. The fractions containing 2-pyridyl disulfide-derivatized silica NPs are pooled. To 7 ml of 2-pyridyl disulfide-derivatized silica NPs is added 4 mg of TAT peptide
 in 0.2 ml of DMSO. The mixture is allowed to react for 12 hr at room temperature. The TAT-conjugated silica NPs are centrifuged (8000 rpm, 8 min) and dispersed in PBS.

Cell Culture
The cell lines (American Type Culture Collection, Manassas, VA) used for this study were human lung adenocarcinoma (A-549) and squamous cell carcinoma (SCC-9). A-549 cells were grown in RPMI 1640 supplemented with 10 % fetal bovine serum and 1 % L- Glutamine. SCC-9 cells were grown in 50 – 50 Dulbecco’s Modified Eagle’s Medium (DMEM: Cellgro) and Ham's F12 Medium supplemented with 1 % Penicillin /Streptomycin. The cells were cultured in 16 well glass slides, 48 hr prior to the addition of nanoparticles and incubated in humidified air containing 5 % CO2 at 37 oC. 50 l of 1 mg/ml FSNP suspension in PBS was added to each well containing 200 l of cell media and incubated for 2 hr. After incubation, cells were washed 6 times with PBS. Cell images were taken before and after the incubation to ensure cell viability.
Animal experiment
Sprague-Dawley rats (250-300 g) were anesthetized with a Ketamine/Xylazine mixture (0.1 ml/100 g) administered IP. The necks were shaved and prepped with chlorhexidine scrub. A 2-3 cm long incision was made on the neck.  The right common carotid artery (CCA) was located and isolated from the surrounding tissue. 4-0 silk suture was used to ligate the common carotid proximally. Another length of suture was wrapped around the external carotid artery (ECA) and occipital artery to temporarily stop blood flow during injection of the substance. A small sheath was placed in the right CCA and secured in place. About 0.75 ml (10 mg/ml) of NP suspension in PBS was loaded into a syringe and placed into an infusion pump. The syringe was attached to the sheath and the pump was started. The infusion pump injected the substance over a period of five minutes. The FSNP suspension was thus administered through the right internal carotid artery (ICA), which would allow labeling of only right part of the brain. The left part of the brain (left brain hemisphere) would thus show no labeling (control). After the injection of the substance the external carotid artery was opened and collateral blood flow allowed for 3 min. The rat was then euthanized with an overdose of sodium pentobarbital. A craniotomy was performed on the rat after euthanasia and the brain was removed. The brain was then sliced into four 5 mm sections and placed into 10 % buffered formalin. Brain tissue was then imaged using a fluorescence microscope at 10X magnification. The schematic representation of the experiment setup is shown in Scheme 1. Similar experiments with amine modified FSNPs (with no TAT conjugation) were done. No noticeable labeling was observed in both sides of the brain, which confirmed that TAT peptide was necessary for FSNP delivery to the brain. 
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 Scheme 1. Setup for the brain labeling experiment with TAT-conjugated FSNPs.  
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