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Cell lines and culture conditions: The human melanoma cell line 518A2 was obtained from 

the Department of Radiotherapy, Medical University of Vienna (Austria).1–3 The Panc-1 

pancreatic carcinoma cell line (CRL-1469™), the DLD-1 colorectal adenocarcinoma cells 

(CCL-221™), and the CCD-18Co human fibroblasts (CRL-1459™) were obtained from the 

American Type Culture Collection (ATCC). All other cancer cell lines as well as the human 

umbilical vein endothelial cells (HUVEC) were purchased from the German Centre of 

Biological Materials (DSMZ), Braunschweig, Germany. All cells were cultured in Dulbecco’s 

modified Eagle’s medium (DMEM) containing 10% fetal bovine serum (FBS), 1% antibiotic-

antimycotic, and 250 mg/mL gentamycin (all from Gibco) at 37 °C in a humidified 

atmosphere of 95% air and 5% CO2, apart from HUVEC, which were cultured in EGM-2 

medium (Lonza) supplemented with 5% FBS at 37 °C, 10% CO2 and 90% humidity. Only 

mycoplasma-free cultures were used. 

Growth inhibition (MTT) assay: The antiproliferative activity of complexes 7a, 7b, 8, and 

10 was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT; Roth) that is reduced to a violet formazan in viable cells.4 All cancer cells (5000 cells 

per well) were seeded and grown for 24 h on 96-well microplates. The KB-V1/Vbl cells were 

optionally pretreated with 24 µM of verapamil (24 h). Incubation of cells following addition 

of the test compounds (dilution series of 10 mM stock solutions in dimethylformamide 

(DMF) ranging from 510-6 to 100 μM in H2O) was continued for 72 h. Solvent controls were 

treated identically. A 0.05% solution of MTT (50 µL/well) in phosphate buffered saline (PBS) 

was added to the cells after centrifugation (300 g, 5 min, 4 °C) and removal of the medium. 

After another 2 h of incubation the microplates were centrifuged and the supernatant MTT 

solution was discarded. A 10% solution of sodium dodecylsulfate (SDS) in DMSO containing 

0.6% acetic acid was added to dissolve the precipitated water-insoluble formazan crystals (25 

µL/well). The microplates were incubated overnight to ensure a complete dissolution of the 

violet formazan. The absorbance at 570 nm and 630 nm was measured using an automatic 

TECAN Infinite® F200 plate reader. The test compounds’ concentrations at which viable cells 

were reduced to 50% (IC50 values) are presented as means ± S.D. of four independent 

experiments (solvent controls set to 100% viable cells). The antiproliferative effect of the 

complexes on vascular endothelial cells and their selectivity towards cancer cells with respect 

to non-malignant cells was analogously assessed by MTT assays using HUVEC and CCD-

18Co fibroblasts, respectively. However, these non-malignant cells were seeded at a higher 

density of 10,000 cells/well due to their slower proliferation rates.  
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Cellular Iron Accumulation: Cellular uptake of complexes 7a, 7b, 8, and 10 was measured 

using HCT-116 colon carcinoma cells. The cells were seeded on 100 mm tissue culture dishes 

(1.5  106 cells/dish in 10 mL of growth medium). After 24 h of incubation, the cells were 

treated with the complexes (each 0.5 μM) for 24 h (the concentrations were verified by 

measuring the iron content in the growing medium by ICP-MS). The attached cells were 

harvested by trypsinization and the cell pellets were washed twice with ice-cold PBS (4 °C). 

The pellets were digested by using a microwave based acid digestion system (CEM MARS 

and 11 M HCl) to give a fully homogenized solution. The final iron content in the samples 

was determined by ICP-MS. Values are means ± S.D. of three independent experiments. 

Measurement of the Partition Coefficient: To determine the partition coefficient (P) the 

shake flask method was used. The complexes 7a, 7b, 8, and 10 were separately dissolved in 

milli-Q water at a concentration of 0.5 μM and the solutions were filtered through 0.2 μm 

sterile filters. These solutions were mixed with an equal amount of 1-octanol by vortexing for 

24 h at room temperature to establish the partition equilibrium. The aqueous layer was 

carefully separated from the 1-octanol layer for iron analysis. Iron was quantified from water 

aliquots taken from aqueous samples before (0.5 μM concentration) and after partition by 

ICP-MS. The partition coefficients were calculated using the equation log P = log ([Fe]1-

octanol/ [Fe]water) and are presented as means ± S.D. of three independent experiments.  

Fluorescence Labeling of F-Actin and Tubulin: Effects of gold complexes 8 and 10 on the 

organization of F-actin and microtubules in HUVEC and 518A2 melanoma cells were 

examined by fluorescence microscopy. Cells were cultured on glass coverslips to 75% 

confluence. For HUVEC, the glass coverslips were pretreated with 1M HCl/EtOH. Following 

treatment with 8 (500 nM), 10 (250 nM) or vehicle for 24 h, cells were fixed with 4% 

formalin (in PBS) for 20 min at room temperature, washed with PBS and permeabilized with 

1% BSA, 0.1% Triton X-100 (in PBS) for 30 min. For F-actin staining fixed cells were 

stained (37 °C, 1 h) with AlexaFluor® 488 Phalloidin (1 U/mL, Invitrogen). To visualize 

tubulin, fixed and permeabilized cells were treated first with primary antibodies against alpha-

tubulin (anti-alpha-tubulin mouse mAb, 5 µg/mL, Invitrogen) and then for 1 h at room 

temperature with Alexa Fluor® 488 conjugated sec. antibodies (goat anti-mouse IgG-

AlexaFluor®-488 conjugate, 4 µg/mL, Invitrogen). Nuclei were counterstained with DAPI (1 

µg/mL) in PBS, at room temperature for 5 min, before coverslips were washed in PBS and 

mounted with ProLong Gold Antifade reagent (Invitrogen). Effects were analyzed using an 

Axioplan fluorescence microscope with a 40 objective lens (Zeiss, AxioCam MRm).  
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Cell Cycle Analysis: 518A2 cells (5104/mL) were cultured in 6-well plates for 24 h and then 

treated with 500 nM of 8 or 250 nM of 10 for 24 h. Solvent controls (DMF) were treated 

identically. After fixation with 70% EtOH at 4 °C, the cells were incubated with propidium 

iodide (PI; Roth) staining solution (50 µg/mL PI, 0.1% sodium citrate, 50 µg/mL RNase A in 

PBS) for 30 min at 37 °C. The fluorescence intensity of 10,000 single cells was measured at 

λem = 620 nm (λex = 488 nm laser source) using a Beckman Coulter Cytomics FC 500 flow 

cytometer and analyzed (CXP Analysis, Beckman Coulter) for the fractions of cells in G1, S 

and G2/M phase. The percentage of apoptotic cells was assessed from sub-G1 peaks. 

Experiments in triplicate. 

Wound Healing Assay: 518A2 melanoma cells (1105/mL) were seeded on 24-well plates 

and grown to a sub-confluent monolayer. A narrow artificial wound was created by scraping 

off a strip of cells with a 20–200 µL plastic tip. The medium was replaced before cells were 

treated with 500 nM each of 8 or 10, or vehicle (DMF) for up to 48 h. The wound-healing 

process was monitored with a light microscope (Axiovert 135 with a 10 objective lens, 

Zeiss, AxioCam MRc5) after 24 h and 48 h of exposure to the test compounds. The size of the 

wound was measured at three different positions (top, middle, bottom) of each microscopy 

image using Adobe Photoshop CS6 (Version 13.01), the mean width of the wound was 

calculated for each documented time point (0 h, 24 h and 48 h), and the percentage of wound 

healing over time was determined as means ± S.D. of at least three experiments.  

Generation of ROS (NBT assay): The adherent 518A2 cells (1105/mL) were plated in 96-

well tissue culture plates and test compounds 8 and 10 were added at various concentrations 

(250 nM, 500 nM and 1 µM) after 24 h of incubation at 37 °C, 5% CO2 and 95% humidity). 

Incubation of cells following treatment with the test compounds was continued for another 24 

h. A 0.1% solution of NBT (50 µL/well) in PBS was added to the cells after centrifugation 

(300 g, 5 min, 4 °C) and removal of the medium. After another 4 h of incubation the 

microplates were centrifuged and the supernatant NBT solution was discarded. The 

precipitated blue diformazan crystals were dissolved in 50 µL of 2M KOH and 65 µL DMSO 

for 30 min. The absorbance at 630 and 405 nm was measured using an automatic TECAN 

plate reader (TECAN Infinite® F200). For each substance the experiment was carried out 

twice in triplicate.  

JC-1 Mitochondrial Membrane Potential Assay: The effect of complexes 8 and 10 on the 

mitochondrial transmembrane potential (Δψm) was evaluated using Cayman’s JC-1 
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Mitochondrial Membrane Potential Assay Kit. The experiment was carried out according to 

the manufacturer’s protocol.5–7 Briefly, the adherent 518A2 cells (1105/mL) were seeded in 

black 96-well tissue culture plates and test compounds 8 or 10 were added after 24 h of 

incubation at 37 °C, 5% CO2 and 95% humidity. Incubation of the cells, following addition of 

the test compounds in different concentrations (250 nM, 500 nM and 1 µM), was continued 

for 24 h. Then, 5 µL of the JC-1 staining solution were added per well, cells were incubated 

with this fluorescent dye for 20 min, and after two washing steps the fluorescence intensities 

of JC-1 aggregates (red) and monomers (green) were measured at 590 ± 20 nm and 535 ± 25 

nm, respectively. The ratio of the fluorescence intensity of JC-1 aggregates to the 

fluorescence intensity of JC-1 monomers is indicative for the cells’ health and the induction 

of apoptosis. Control cells were set to 100% of cells with an intact mitochondrial membrane 

potential. The assay was carried out twice in triplicate for each complex.  

Mass spectrometric selenocysteine binding studies: Complexes 7b, 8, and 10 were 

incubated for 30 min with seleno-l-cysteine, freshly prepared in situ from selenocystine and 

DTT (1:4). The resulting mixtures were analysed by HRMS using an Orbitrap system in ESI+ 

mode according to a protocol by Casini et. al..8 The following pictures are not to uniform 

scale! 

 
Fig. S 1: 1:4 Mixture of selenocystine and DTT after 30 min at r.t. 
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Fig. S 2: Mixture with selenocysteine prepared as above incubated with complex 8 for 30 min at r.t. 

 
Fig. S 3: Mixture with selenocysteine prepared as above incubated with complex 8 for 3 h at r.t. (only traces left 

of 8–BF4, and no more selenocysteine adduct at 750.05798 left) 
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Fig. S 4: Mixture with selenocysteine prepared as above incubated with complex 7b for 30 min at r.t. (not to 

scale! same selenocysteine adduct at 750.05798 but far less than with 8) 

 
Fig. S 5: Mixture with selenocysteine prepared as above incubated with complex 10 for 30 min at r.t. (no 

selenocysteine adduct at 750.05798; same negative picture after 6 h!) 

 



S7 

 

Cyclic voltammetry of complex 7b: Conditions: Solution in acetonitrile with 0.1 M 

Bu4NPF6 as a conducting salt. Scan rate 50 mV/s. Solid Pt working electrode (cross-section 

area 0.0314 cm2, AMETEK Advanced Measurement Technology); Pt wire as a counter 

electrode; reference electrode consisting of an Ag wire and AgNO3. 

 
Fig. S 6: cyclic voltammogram of compound 7b. 

 

Fig. S 7: cyclic voltammogram of compound 7b and ferrocene as a reference. 

Result: Reversible cyclic voltammogram with E1/2 = 195 mV rel. to E1/2 (ferrocene) = 50 mV. 

This means an anodic shift of ca 145 mV for the ferrocene unit in complex 7b rel. to 

ferrocene.  
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NMR Spectra  

 

Fig. S 8: 1H-NMR (CD2Cl2, 500 MHz) of complex 7a. 

 

Fig. S 9: 13C-NMR (CD2Cl2, 125 MHz) of complex 7a. 
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Fig. S 10: 1H-NMR (CDCl3, 500 MHz) of complex 7b. 

 

Fig. S 11: 13C-NMR (CDCl3, 125 MHz) of complex 7b. 
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Fig. S 12: 1H-NMR (CDCl3, 500 MHz) of complex 8. 

 

Fig. S 13: 13C-APT-NMR (CDCl3, 125 MHz) of complex 8. 
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Fig. S 14: 31P-NMR (CDCl3, 202 MHz, 85 % phosphoric acid as external reference) of complex 8. 

 

Fig. S 15: 1H-NMR (CDCl3, 500 MHz) of complex 10. 
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Fig. S 16: 13C-APT-NMR (CDCl3, 125 MHz) of complex 10. 


