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S.1 Iron Oxide Nanoparticle Synthesis and Functionalization 

Iron oxide nanoparticles were synthesized using a one-pot thermal decomposition of 

iron (III) acetylacetonate (Sigma-Aldrich) and oleic acid (Alfa Aesar™, Fisher Scientific) 

[1,2]. Particles had an average diameter of 21.14 nm with a standard deviation of 2.16 nm 

(Figure S1). Polymer design was based on work by Stone et al. where a multi-anchored 

binding approach showed increased stability in comparison to polymer ligands with a 

single binding moiety (Figure S2) [3]. The moment vs. field (MvH) (Figure S3) measure-

ment was done on the particles to confirm the super-paramagnetic behavior of the IONPs. 

 

Figure S1. Iron oxide nanoparticles as synthesized before functionalization with PEO-PAA-dopamine polymer. A – Rep-

resentative TEM image of the particles. B – Histogram depicting the particle size distribution. 
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Figure S2. Functionalization steps of PEO-PAA-dopamine polymer with GM3. Left: 1) Anionic ring opening of ethylene 

oxide, 2) alkyne functionalization with propargyl bromide, 3) deprotection of primary amine, 4) coupling of PEO to PAA, 

5) coupling of dopamine hydrochloride to the PEO-PAA. 6-7) Right: Click reaction between polymer coated particles and 

GM3 molecule. 

 

Figure S3. Moment vs. Field (MvH) loop showing the superparamagnetic behavior of the iron oxide 

nanoparticles (Msat ~ 53 emu/g Fe). Figure adapted with permission from Raval et al. (2017) [4]; cop-

yright 2021 John Wiley and Sons. 
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Figure S4. HNMR of the final PEO-PAA-dopamine - PAA backbone protons at 1.39 ppm - 1.08 ppm. Alkyne protons at 

4.18 ppm and 2.42 ppm. PEO repeat protons at 3.62 ppm. Dopamine aromatic proton signal partially masked by the CDCl3 

peak, with alkane protons showing up at 2.8 ppm. Reference was tetramethylsilane at ~0 ppm. Figure adapted with per-

mission from Raval et al. (2017) [4]; copyright 2021 John Wiley and Sons. 
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Figure S5. FTIR spectra of nanoparticles before GM3 conjugation (A), GM3 molecule (B), and after 

conjugation (C). The lack of the azide peak in C at 2100 cm−1 indicates purification of unbound GM3 

after conjugation was successful. Figure adapted with permission from Raval et al. (2017) [4]; copy-

right 2021 John Wiley and Sons. 

Table S1. Dynamic light scattering and zeta-potential measurements - Hydrodynamic diameter and 

zeta potential as measured by dynamic light scattering before and after GM3 conjugation. The in-

crease in the hydrodynamic diameter indicates the GM3 glycoconjugate was successfully coupled 

to the PEO-IONPs. 

 

Hydrodynamic Diameter 

Z Avg. (nm) 

def 

 

Zeta-potential 

(mV) 

PEO-IONPs 114.4 −8.73 

GM3-IONPs 120.3 −7.68 
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Figure S6. Dynamic light scattering (DLS) intensity graphs for PEO-IONPs in the presence of DMEM and 10% FBS. 
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Figure S7. Dynamic light scattering (DLS) intensity graphs for GM3-IONPs in the presence of DMEM and 10% FBS. 

S.2 Dihydrorhodamine-123 Assay of ROS in CCD-18Co Cells 

Dihydrorhodamine-123 can serve as an indicator for the presence of intracellular 

ROS [5]. In the presence of ROS, the DHR-123 is oxidized to fluorescent rhodamine-123. 

This fluorescence can be measured, and the relative abundance of fluorescence indicates 

the oxidative stress levels of the cells. We measured the oxidized DHR-123 fluorescence 

of CCD-18Co cells treated with both PEO-IONPs and GM3-IONPs in order to understand 

the influence that either IONPs have on the production of ROS [6]. From our results (Fig-

ure S8) we observed that after 24 hours of incubation, the level of oxidized DHR-123 is 

increased significantly in the PEO-IONPs group from concentrations of 50 μg/mL – 500 

μg/mL. Additionally, the GM3-IONPs group treated with 500 μg/mL showed significant 

deviation from the control group. In the 48 h treatment, the PEO-IONPs group showed a 

significant increase in the 100 μg/mL – 500 μg/mL group whereas the GM3-IONPs did 

not. Overall, the 48 h group had a lower fluorescence increase than the 24 h group, indi-

cating the potential for a time dependent production of ROS when treated with IONPs.  
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Figure S8. Intracellular dihydrorhodamine (DHR-123) levels of CCD-18Co cells in the presence of IONPs. A) ROS levels 

of cells exposed to PEO-IONPs at increasing concentrations for 24 h; B) ROS levels of cells exposed to GM3-IONPs at 

increasing concentrations for 48 h. Note the difference in the y-axis units. Data is expressed as Mean ± SD (n = 3); Statistical 

analysis – Analysis of Variance (ANOVA); ** p-value <0.01, and *** p-value <0.001. 

 

Figure S9. IC50 curves of PEO-IONPs and GM3-IONPs against CCD-18Co cells. The IC50 of PEO-IONPs is 68.025 μg/mL. 

The IC50 of GM3-IONPs is greater than 500 μg/mL, the maximum concentration tested. The IC50 was determined using 

the Quest Graph™ IC50 Calculator [7]. 
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