Physicochemical properties and in vitro cytotoxicity of iron oxide-based nanoparticles modified with antiangiogenic and antitumor peptide A7R
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Supporting Information
Synthesis and purification of A7R peptide
The synthesis of the peptide ATWLPPR was carried out manually by the Fmoc solid-phase method, starting from Fmoc-Arg(Pbf)-Wang resin (0,5g; 0,39 mmol/g). Coupling reactions were conducted with 2,5 eq amino acid (Fmoc-Pro-OH, Fmoc-Pro-OH, Fmoc-Leu-OH, Fmoc-Trp(Boc)-OH, Fmoc-Thr(tBu)-OH, Fmoc-Ala-OH), 2,5 eq TBTU, 2,5 eq 6-Cl-HOBt and 6 eq DIPEA in DMF (6 mL) for 2h. The completion of coupling reactions was monitored by Kaiser test (for primary amines) or chloranil test (for secondary amines). Fmoc group removals were performed with 20 % DIPEA in DMF (v:v) for 25 min (two steps: 5 + 20 min). After each deprotection step, the resin was washed: 3×DMF (6 mL), 3×IPA (6 mL) and 3×DMF (6 mL). After all coupling steps and final Fmoc deprotection, peptide-resin was washed: 3×DMF (6 mL), 3×DCM(6 mL), 3×Et2O(6 mL) and dried in vacuum. Cleavage of the peptide from the resin was performed by 5 mL a mixture of TFA: PhOH: H2O:TIS (88%: 5%:5%: 2%, v:v) for 2,5 h. TFA was removed under reduced pressure and peptide was precipitated with cold Et2O, isolated by centrifugation and lyophilized from water. Purification of peptide was carried out by preparative RP-HPLC (Shimadzu Instrument) with Phenomenex Jupiter 4µ Proteo 90A C12 column (250 x 21.2 mm) and monitored at 210 nm (UV-Vis detector SPD-20 A), using a linear gradient of water/acetonitrile solution containing 0,05% TFA. After purification we obtained 61,5 mg pure peptide. The scheme of A7R peptide synthesis is shown in Scheme S1.
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Scheme S1. Scheme of A7R synthesis.



Analysis of A7R peptide purity using Reversed Phase-High Performance Liquid Chromatography (RP-HPLC)
Purity of A7R peptide was checked by analytical RP-HPLC, which was carried out on the Shimadzu instrument with Phenomenex Jupiter 4µ Proteo 90A C12 column (250×4,6 mm) and a UV-Vis detector (SPD-20 A), using a linear gradient from 20% to 40% B in 20 min (A: 0,05 % TFA in water, B: 0,05 % TFA in acetonitrile, flow rate 1mL/min). UV detection was performed at 210 nm. The chromatogram for pure peptide is shown in Fig. S1 (tr =7.612 min, purity 98 %).
[image: hplc analit.tif]
Fig. S1. The RP-HPLC chromatogram of purified A7R peptide

Analysis of A7R structure using Reversed Phase-High Performance Liquid Chromatography (RP-HPLC) with Electrospray Ionization-Mass Spectrometry (ESI-MS)
Peptide structure was confirmed by RP-HPLC-MS analysis which was carried out on the Shimadzu instrument LCMS 2010 EV with Phenomenex Jupiter 4µ Proteo 90A C12 column (250 ×2 mm), UV-Vis diode array detector (SPD-M20 A) and with electrospray ionization (ESI MS), using a linear gradient from 3% to 97% B in 40 min (A: 0,05 % TFA in water, B: 0,05 % TFA in acetonitrile, flow rate 0,3 mL/min) . UV detection was performed at 210 nm. Mass spectra was registered in positive ion mode. ESI-MS (m/z) calculated for C40H61N11O9:  839.47, Found: 840.42[M+H]+, 420.76[M+2H]2+ 
[image: MS.tif]
Fig. S2.The RP-HPLC MS analysis of pure A7R peptide (A) chromatogram for detection at 210 nm (B) MS spectrum of a component with tR=12,936 min 
Synthesis procedure of silver nanoparticles for surface-enhanced Raman scattering (SERS) spectra
Silver colloid was prepared according to the procedure by Leopold and Lendl (2003), using hydroxylamine as a reducing agent. All used glassware was cleaned with aqua regia and then rinsed with plenty of deionized water. The UV-Vis spectrum of the silver colloid exhibited maximum at 410 nm. Based on the TEM imaging, the average silver nanoparticle diameter was determined to be around 20 nm.
[image: Raman.tif]
Fig. S3 Normal Raman spectrum of solid A7R peptide, collected under 532nm laser excitation
[image: EDS.tif]Fig. S4 EDS spectrum of SPIONs modified with A7R peptide. 
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Fig. S5 Influence of (A) SPIONs modified with A7R, (B) SPIONs modified with sebacic acid and (C) A7R peptide on HUVECs and MDA-MB-231 cells viability after 24 and 96 h of incubation. Differences between two incubation times at various concentrations were analyzed by the two-way ANOVA with Bonferroni’s post-tests. Values represent means ±SD determined from the results of three independent experiments, each performed in triplicate (*P<0.05; **P<0.01; ***P<0.001).
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