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Experimental

General

All chemicals, including 5,10,15,20-Tetrakis(1-methyl-4-pyridinio)porphyrin tetra(p-

toluenesulfonate) (TMPyP), were purchased from Sigma Aldrich or Acros and used as 

received. Solvents were purchased as analytical grade and used without further 

purification. MilliQ water was used to prepare buffers and pH was measured using a 

Mettler Toledo pH meter.

Analysis and plotting of the data were carried out using Origin 9.5 (OriginLab Corp.) and 

GraphPad Prism (version 5; GraphPad Software, San Diego, CA).

Oligonucleotides and DNA

All oligonucleotides (standard and labelled with FRET couple) (see Table 1) were 

purchased from IDT (Integrated DNA Technologies) in HPLC purity grade. The FRET 

probes used were FAM (6-carboxyfluorescein) and TAMRA (6-carboxy-

tetramethylrhodamine). As model for ds-DNA the TATAGCTA-Heg-TATAGCTATA 

sequence was used (Heg linker = [(-CH2-CH2-O-)6]).

The concentration of the oligonucleotide stock solutions was checked measuring the 

absorbance at 260 nm of the corresponding diluted solutions using the extinction 

coefficient values provided by the manufacturer.

Lyophilized calf thymus DNA (ct-DNA, Sigma-Aldrich) was used as model for ds-DNA 

during UV-Vis and CD experiments. It was resuspended in 1.0 mM tris-hydroxymethyl-

aminomethane (Tris-HCl) pH=7.5. DNA concentration was determined by UV 

spectrophotometry using 6600 M-1 cm-1 as molar absorption coefficient at 260 nm.1



Table S1. 5’-3’ sequences of the oligonucleotides used. In bold the 4 runs of guanines 

responsible of the quadruplex formation are shown.

Oligos Sequence
h-Telo AGG GTT AGG GTT AGG GTT AGG G
c-Myc TGG GGA GGG TGG GGA GGG TGG GGA AGG
c-Kit1 AGG GAG GGC GCT GGG AGG AGG G

h-TERT GGG GGC TGG GCC GGG GAC CCG GGA GGG GTC GGG ACG GGG CGG GG
bcl2 AGG GGC GGG CGC GGG AGG AAG GGG GCG GGA GCG GGG CTG

TERRA UUA GGG UUA GGG UUA GGG UUA GGG
ds-DNA TATAGCTATA-Heg-TATAGCTATA

Synthesis

Ligands 1,2 33 and 54 and Pt boxes 2,2 43 and 64 were prepared according to published 

procedures.

FRET studies 

FRET experiment were performed in 96-well plates and run on an Applied Biosystems® 

7500 Real-Time PCR cycler equipped with a FAM filter (λex = 492 nm; λem = 516 nm). 

The lyophilized strands were firstly diluted in MilliQ water to obtain 100 μM stock 

solutions. These were diluted to a concentration of 400 nM in 60 mM potassium 

cacodylate buffer (pH 7.4) and then annealed to form G4 structures by heating to 95 °C 

for 5 min, followed by slowly cooling to room temperature overnight.

Experiments were carried out in a 96 well plate with a total volume of 30 μl. Final 

concentration of the oligonucleotides was 200 nM. All compounds, including control 

TMPyP4, were previously dissolved in DMSO to give 1 mM stock solutions. These were 

further diluted using 60 mM potassium cacodylate, and added to obtain a final 

concentration of 1 μM (with a total percentage of DMSO around 0.1 %).

Ramp temperature program was set with a stepwise increase of 1 °C every 30 s starting 

from 25 °C to reach 95 °C, and measurements were acquired after each step. To 

compare different sets of data, FAM emission data were normalised (0 to 1).5 T1/2 is 

defined as the temperature at which the normalised emission is 0.5. Measurements 

were made in duplicate or triplicate.



UV-visible absorption

UV−vis spectra were collected on Jasco V-650 and PerkinElmer LAMBDA 35 double 

beam spectrophotometers, equipped the later with a Peltier temperature controller, 

and using 1 cm path-length quartz cuvettes. All experiments were carried in 100 mM 

KCl, 50 mM Tris-HCl aqueous buffer at pH=7.5.

The oligonucleotides were dissolved in MilliQ water to yield a 100 μM stock solution. 

This was then diluted using 50 mM Tris-HCl/100 mM KCl buffer (pH 7.4) to the desired 

concentration. The oligonucleotides were folded by first heating the solutions up to 90 

°C for 5 min and then by slowly cooling down to room temperature. Ct-DNA stock 

solution was diluted using 50 mM Tris-HCl/100 mM KCl buffer and used as it was.

UV-visible absorption spectra were recorded at 25 °C. The titrations were carried out 

by adding increasing amounts of DNA (ct-DNA or G4) solution to a Pt-box solution with 

constant concentration. To ensure that during the titration the concentration of the 

selected Pt-box remained unaltered, for each addition of the DNA solution the same 

volume of a double-concentrated Pt-box solution was added.

Kb values were obtained by fitting the UV data to a reciprocal plot of [DNA]/|εa-εf| vs. 

[DNA] using the equation [DNA]/|εa-εf| = [DNA]/|εb-εf| + 1/(|εb-εf| × Kb),6 where εa = 

Aobserved/[Pt-box], εb is the extinction coefficient of the DNA bound Pt-box, and εf is the 

extinction coefficient of the free Pt-box determined by a calibration curve of the 

isolated Pt-box in aqueous solution, following the Beer–Lambert law.

Circular Dichroism

Circular dichroism spectra were recorded on Chirascan™ CD (by AppliedPhotophisics) 

or Jasco J-185 spectrometers, using 1 cm path-length quartz cuvettes, at 25 °C with the 

following parameters: range 500-200 nm, bandwidth: 1.0 nm, time per point: 0.5 s, 

repeats: 4. The titrations were carried out by adding increasing amounts of a Pt-box 

stock solution to a DNA/G4 solution with constant concentration. To ensure that during 

the titration the concentration of the DNA/G4 remained unaltered, for each addition 

of the Pt-box solution, the same volume of a double-concentrated DNA/G4 solution 

was added. To have an estimation of the Kb values, the ICD data were fitted using a 

“one site” non-linear regression model within the software GraphPad Prism (this was 

possible only in the case of the interaction between compounds 4 and 6 with ds-DNA, 

where clear ICD bands were observed).



Molecular Modelling

Molecular docking was performed by the software AutoDock Vina 1.1.2.7 The Protein 

Data Bank file PDB ID: 2O3M was used as model of c-Kit1 -quadruplex receptor. To 

compare our results with the ones obtained by Kieltyka et al. for the compound 

[Pt(en)(4,4′-dipyridyl)]4,8 PDB ID: 1KF1 was used as model of hTelo-quadruplex 

receptor.

The geometries of compounds 2, 4 and 6, to be used in the docking studies, were 

previously fully optimized by DFT calculations implemented in the Gaussian09 program 

package,9 using the B3LYP functional,10–12 the Lanl2dz pseudopotential basis set for 

platinum,13 and the 6-31G(d,p) basis set for the other atoms.14,15

The Autodock Tools 1.5.6 software was used to add and merge non-polar hydrogens to 

the receptors and to assign the rotatable bonds to the ligands.16 A grid box large 

enough to allow any possible ligand-receptor complex (blind-docking) was created. In 

particular, grid size for 2O3M was set to 30Å × 30Å × 26Å points with grid spacing of 

1.0 Å and a grid center of -1.033, 2.235 and -1.266. Grid size for 1KF1 was set to 30Å × 

30Å × 30Å points with grid spacing of 1.0 Å and a grid center of 23.505, -2.168 and -

9.076. Before docking calculations, Pt(II) was changed with Ni(II) in the three 

compounds to retain the square planar coordination. Validation of AutoDock Vina was 

performed running a docking calculation on a parallel stranded human telomeric 

quadruplex in complex with the compound TMPyP4 (PDB ID: 2HRI),17 confirming the 

best pose of the ligand. Figures were rendered using Chimera software.18

Cell cultures

The MCF-7 breast cancer cells, as well as the U2OS osteosarcoma cell line were obtained from 

the American Type Culture Collection (Manassas, VA).  VM-1 melanoma cells were established 

from a lymph node metastasis at the Institute of Cancer Research (Vienna, Austria).

Cell viability assay



Cancer cells were exposed to the Pt-boxes and to the corresponding 4,4’-bipyridine ligands at 

increasing concentrations and 72 hours later cell viability was determined using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-based vitality assay (EZ4U, 

Biomedica, Vienna, Austria). Response-rates were expressed as IC50 values calculated with 

GraphPad Prism.

Cell cycle analysis

Cells were incubated with the Pt-boxes or with the ligands for 48 hours using 10 and 25 µM of 

each drug. Afterwards cells were trypsinized and fixed with 70% ethanol at −20°C for several 

hours, following DNA staining using a solution of PI (0.01 mg/ml) and RNase (0.2 mg/ml). 

Finally, cell cycle progression was examined by flow cytometry and quantified with FlowJo 

software (Tree Star).

Annexin V/PI staining

Apoptosis and necrosis were determined by Annexin V FITC-labelled antibody (BD Biosciences, 

San Jose, CA) and propidium iodide (Sigma Aldrich, USA), respectively. For that purpose, cells 

were treated with 25µM of the indicated drugs for 24 hours, subsequently trypsinized and 

incubated with the antibody and propidium iodide (200 ng/ml). Finally, DNA content and the 

amount of dead cells were measured by fluorescence-activated cell sorting (FACSCalibur, 

Becton Dickinson, Palo Alto, CA) and quantified with FlowJo software (Tree Star).

Quantitative reverse transcription-polymerase chain reaction (qRT-PCR)

Total RNA was extracted from cells using Trizol reagent (Life Technologies, Carlsbad, CA) and 

subsequently 500ng RNA per sample were reverse transcribed. qRT-PCR was performed with 

Maxima SYBR Green qPCR master mix (Thermo Scientific) on an Applied Biosystems 7500 Fast 

Real-Time PCR instrument (Applied Biosystems, Foster City, CA), as described earlier.19,20 The 

following primers were used: c-Kit1 (sense 5´-TCTCTGCGTTCTGCTCCTAC-3´; antisense 5´-

GGTTGAGAAGAGCCTGTCTG-3´), bcl2 (sense 5´-CTTCGCCGAGATGTCCAGCCA-3´; antisense 5´-

CGCTCTCCACACACATGACCC3´), hTERT (sense 5´-CGGAGGAGTGTCTGGAGCAA-3´; antisense 

5´-GGATGAAGCGGAGTCTGGA-3´) and ß-actin (sense 5´-GGATGCAGAAGGAGATCACTG-3´; 

antisense 5´-CGATCCACACGGAGTACTTG -3´). ß-actin served as housekeeping gene and was 



used for normalization. All reactions were performed in triplicates and repeated 

independently at least twice.
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Figure S1. FRET melting profiles of ds-DNA and G4s (0.2 µM) upon interaction with compounds 
1-6 and control TMPyP4 (1.0 µM; when with * concentration is 0.25 µM). Buffer: 60 mM 
potassium cacodylate, pH 7.4.



Figure S2. FAM emission at 25.0 and 95.0 °C of selected G4s (0.2 µM) upon interaction with 
compound 1-6 and control TMPyP4 (1.0 µM). Buffer: 60 mM potassium cacodylate, pH 7.4.

Figure S3. Molecular Docking: cartoon showing possible binding site of 2, 4 and 6 within c-Kit1 
(PDB entry 2O3M) and h-Telo (PDB entry 1KF1) G-quadruplexes.



Figure S4. CD titration of ds-DNA with compound 2. Buffer: 50 mM Tris-HCl and 100 mM KCl, 
pH 7.4.

Figure S5. CD titration of ds-DNA with compound 4. Buffer: 50 mM Tris-HCl and 100 mM KCl, 
pH 7.4. In the inset the increase in ellipticity at 363 nm vs. 4 concentration. In red the non- 
linear fit for the estimation of the Kb value (3.1 × 105 M-1).



Figure S6. CD titration of ds-DNA with compound 6. Buffer: 50 mM Tris-HCl and 100 mM KCl, 
pH 7.4. In the inset the increase in ellipticity at 347 nm vs. 6 concentration. In red the non- 
linear fit for the estimation of the Kb value (1.5 × 106 M-1).



Figure S7. CD titration of c-Kit1 G4 with compound 2. Buffer: 50 mM Tris-HCl and 100 mM KCl, 
pH 7.4.

Figure S8. CD titration of c-Kit1 G4 with compound 4. Buffer: 50 mM Tris-HCl and 100 mM KCl, 
pH 7.4.

Figure S9. CD titration of c-Kit1 G4 with compound 6. Buffer: 50 mM Tris-HCl and 100 mM KCl, 
pH 7.4.



Figure S10. Circular dichroism spectra c-Kit1 G4 in presence of increasing amounts of 4 at 25 
°C and at 95 °C after unfolding. Buffer: 50 mM Tris-HCl and 100 mM KCl, pH 7.4.

Figure S11. UV-Vis titration of compound 4 with ds-DNA. In the inset the plot of the data with 
fitting line (in red) for the determination of the Kb value. Buffer: 50 mM Tris-HCl and 100 mM 
KCl, pH 7.4.



Figure S12. UV-Vis titration of compound 6 with ds-DNA. In the inset the plot of the data with 
fitting line (in red) for the determination of the Kb value. Buffer: 50 mM Tris-HCl and 100 mM 
KCl, pH 7.4.

Figure S13. UV-Vis titration of compound 4 with c-Kit1 G4. In the inset the plot of the data 
with fitting line (in red) for the determination of the Kb value. Buffer: 50 mM Tris-HCl and 100 
mM KCl, pH 7.4.



Figure S14. UV-Vis titration of compound 6 with c-Kit1 G4. In the inset the plot of the data 
with fitting line (in red) for the determination of the Kb value. Buffer: 50 mM Tris-HCl and 100 
mM KCl, pH 7.4.

Figure S15. Impact of Pt boxes and their respective ligands on cell cycle distribution in cancer 
cell lines. MCF-7 breast cancer (A) or VM-1 melanoma cells (B) were treated with the active Pt 
drugs (2, 4 and 6) as well as with the corresponding ligands (1, 3 and 5) at the indicated 
concentrations for 48 hours. To evaluate changes in cell cycle distribution FACS analyses were 
performed and the percentages of cells in G0/G1, S, and G2/M phase were quantified. The 
means and SD of two independent results are depicted.  Statistical analyses were performed 
between active Pt boxes and their respective ligands using Student´s t-test. *p < 0.05.



Figure S16. Impact of Pt boxes and their respective ligands on apoptosis and necrosis 
induction. The percentage of living, apoptotic and necrotic cells were determined by Annexin 
V/PI staining in MCF7 (A) and VM-1 cells (B) after 24 hours treatment with 25 µM of the 
indicated drugs. Statistical analyses were performed between active Pt boxes and their 
respective ligands using Student´s t-test. *p < 0.05.

Figure S17. UV-vis spectra of compound 2 overtime to check its stability in buffer solution at 
25 °C. Buffer: 50 mM Tris-HCl and 100 mM KCl, pH 7.4.



Figure S18. UV-vis spectra of compound 4 overtime to check its stability in buffer solution at 
25 °C. Buffer: 50 mM Tris-HCl and 100 mM KCl, pH 7.4.

Figure S19. UV-vis spectra of compound 6 overtime to check its stability in buffer solution at 
25 °C. Buffer: 50 mM Tris-HCl and 100 mM KCl, pH 7.4.


