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S1 Schematics of FLUSPIO synthesis 

 

Figure S1 Schematic sketch of the synthetic steps involved in the preparation of FLUSPIO ((a) and (b)). FMN was adsorbed onto 
USPIO cores by sonication for 1 h at ambient temperature. Then, the particles were purified from excess FMN by high gradient 
magnetophoresis assisted washing with water (a). Similarly, the FMN-coated USPIO were subjected to coating with GMP for 1 h and 
purified with magnetophoresis to yield the final FLUSPIO particles (b).   

S2 Theoretical calculation of number of FMN per USPIO 

The topological polar surface area of FMN has been quoted as 202 Å2 [S1].   

From this, we can calculate the theoretical number of ligands for one mono-layer on the surface of 5.5 nm 

diameter USPIO nanoparticle. 

Surface area (SA) of a 5.5 nm USPIO 

       SAUSPIO = 4πr2 

            = 4 × 3.14 × (2.75 nm)2 

            = 94.99 nm2 

Theoretical prediction of number of FMN ligands that can fit as one monolayer on a 5.5 nm USPIO (L) 

         L = SAUSPIO/SAFMN 

           = 94.99 nm2/20.2 nm2 

           = 4.7 ligands 

Based on a 100% magnetite USPIO, it is possible to calculate the number of (Fe3O4) units per USPIO 

   Mass of one USPIO (MUSPIO) = ρFe3O4
 × (4/3πr3) 

             = 5.175 g·cm–3 × (4/3 × 3.14 × (2.75 nm)3) 

             = 5.175 g·cm–3 × (87.069 × (10–7)3 cm3) 

             = 450.585 × 10–21 g 

        NFe3O4
 = MUSPIO × NA /MWFe3O4

 

           = [(450.585 × 10–21 g) × (6.023 × 1023)]/231.533 g·mol–1  

           = 1172 

The predicted molar composition of USPIO with one monolayer of FMN would be (Fe3O4)1(FMN)0.004.  

Considering the topological polar surface area of GMP (202 Å2) [S2], the theoretical composition of FLUSPIO 

with one monolayer of FMN and GMP will be (Fe3O4)1(FMN)0.004(GMP)0.004. 

S3 TEM images of FLUSPIO  

The morphology, size and size distribution of the nanoparticles were characterized by TEM (EM 400 T, Philips, 

Eindhoven, The Netherlands). FMN-USPIO and FLUSPIO were embedded in 2% agarose, rinsed with distilled 
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water and dehydrated with ethanol (30%, 50%, 70%, 90%, and 100%). Subsequently, they were embedded in 

Epon, polymerized 8 h at 37 °C, 56 h at 60 °C, and then cut into 70–100 nm thick slices. The particle size and size 

distributions were calculated using an image analysis program (iTEM software, Olympus, Germany) and by 

measuring the diameter of at least 100 particles. 

 

Figure S2 TEM images of FMN-coated USPIO and FLUSPIO ((a) and (b)). TEM image of FMN-coated USPIO prepared during the 
first synthetic step. Quantitative analysis of the images revealed particle size of 5.6 ± 1.3 nm (a). Similar quantitative analysis of the final 
FLUSPIO particles revealed particle size of 5.6 ± 1.7 nm (b). 

S4 Fluorescence spectroscopy 

 

Figure S3 Fluorescence spectra of FMN ((a) and (b)) and FLUSPIO ((c) and (d)) recorded in FCS ((a) and (c)) and in a 1:1 mixture of 
FCS and 5% glucose solution ((b) and (d)) at different concentrations. No significant changes in fluorescence intensity of FMN are 
observed in FCS alone and in 1:1 mixture of FCS and glucose solution. However, there is a moderate decrease in fluorescence intensity 
of FMN adsorbed on FLUSPIOs’ surface compared to free FMN which may be explained by partial quenching occurring due to densely 
packed FMN on USPIO surface and also due to intrinsic absorption/scattering contributions from USPIO.  
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S5 Cytotoxicity of FLUSPIO (Trypan blue staining)  

 

Figure S4 Cytotoxicity (trypan blue staining) of GMP, FMN, USPIO, and FLUSPIO on LnCap cells ((a) and (b)) and HUVEC ((c) and 
(d)) after incubation for 3 h ((a) and (c)) and 24 h ((b) and (d)). No significant reduction in viability of LnCap cells and HUVEC was found.  

S6 Cellular labeling with FLUSPIO (Prussian blue staining) 

 

Figure S5 Cellular uptake of FLUSPIO by LnCap cells and HUVEC as investigated by Prussian blue staining. LnCap cells and 
HUVEC were incubated (3 h) with medium ((a) and (d)), 0.3 µmol Fe/mL of USPIO ((b) and (e)) and FLUSPIO ((c) and (f)). Cells were 
counterstained with nuclear fast red. Prussian blue images clearly indicate higher internalization of FLUSPIO by HUVEC than LnCap 
cells and than USPIO ((b) and (e)). Microscopic images were acquired at 20× magnification. Scale bar: 50 µm. 
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