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Table S1. Oligomers used in this study. 

  Oligomer Sequence 

F21T 5′-FAM-d(GGGTTAGGGTTAGGGTTAGGG)-TAMRA-3′ 

F10T 5'-FAM-d(TATAGCTATA-HEG-TATAGCTATA)-TAMRA-3' 

ds26 5'-GTTAGCCTAGCTTAAGCTAGGCTAAC-3' 

biotin-HTG21 5'-biotin-d(GGGTTAGGGTTAGGGTTAGGG)-3' 

biotin-pu22 5'-biotin-d(TGAGGGTGGGGAGGGTGGGGAA)-3' 

biotin-c-kit1 5'-biotin-d(AGGGAGGGCGCTGGGAGGAGGG)-3' 

biotin-bcl-2 5'-biotin-d(GGGCGCGGGAGGAAGGGGGCGGG)-3' 

biotin-Hairpin 5'-biotin-d(TATAGCTATA-HEG-TATAGCTATA)-3' 

HTG21 5'-GGGTTTGGGTTTGGGTTTGGG-3' 

pu22 5'-TGAGGGTGGGGAGGGTGGGGAA-3' 

c-kit1 5'-AGGGAGGGCGCTGGGAGGAGGG-3' 

bcl-2 5'-GGGCGCGGGAGGAAGGGGGCGGG-3'  

HRAS 5'-TCGGGTTGCGGGCGCAGGGCACGGGCG-3' 

TBA 5'-GGTTGGTGTGGTTGG-3' 

 

Table S2. The stabilization activity of compounds on telomeric G-quadruplex. 

Compd. 
∆Tm (°C) 

FRET melting a CD melting b  

7 8.4 3 

8 11.8 11 

9 10.0 8 

16 23.5 20 

22 9.0 7 

27 23.1 20 

30 24.6 21 

a ∆Tm = Tm (DNA + ligand) - Tm (DNA). ∆Tm values for the incubation of 0.2 µM F21T with and without 1.0 µM of the compound in Tris-

HCl buffer (10 mM, pH 7.4) containing 60 mM KCl. In the absence of a ligand, the Tm values of annealed F21T is 60 °C. b ∆Tm values for 

incubation of 2 µM HTG21 with and without 10 µM compound in Tris-HCl buffer (10 mM, pH 7.4) containing 60 mM KCl. In the absence 

of ligand, Tm values of annealed HTG21 is 67 °C. 
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Table S3. The stabilization activity of compound 16 on various G-quadruplexes. 

DNA 
Tm (°C)a 

∆Tm (°C) 
16 (0 μM) 16 (10 μM) 

HTG21 67 87 20 

pu22 82 95 13 

c-kit1 64 78 14 

bcl-2 87 95 8 

HRAS 62 76 14 

TBA 54 60 6 

a Melting temperature (Tm) of DNA samples with and without compounds in 10 mM Tris-HCl (2.5 mM KCl for pu22, c-

kit1 and bcl-2; 60 mM KCl for HTG21, HRAS and TBA) buffer detected by circular dichroism spectroscopy. 

 

Table S4. Equilibrium binding constants (KD) on various G-quadruplexes. 

Compound DNA KD (M) 

16 

HTG21 8.1×10-6 

pu22 1.2×10-5 

c-kit1 7.8×10-6 

bcl-2 1.1×10-5 

 

 
Figure S1. The X-ray crystallographic analysis of spectroscopy of compound 4. 

 (reference: Uehata, K.; Kimura, N.; Hasegawa, K.; Arai, S.; Nishida, M.; Hosoe, T.; Kawai, K.; Nishida, A. Total 

synthesis of schizocommunin and revision of its structure. J. Nat. Prod. 2013, 76, 2034-2039.) 
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Figure S2. The NOE spectroscopy of compounds 35 (A) and 36 (B). 
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Figure S3. The melting curves of compounds 7 ~ 21 by using FRET melting assays. 
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Figure S4. The melting curves of compounds 22 ~ 36 by using FRET melting assays. 
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Figure S5. The melting curves of compounds 37 and the reference compound 1 by using FRET melting 

assays. 

 

 

 

 

 

Figure S6. The melting curves of compounds 7, 8, 9, 16, 22, 27, 30 by using CD melting assays. 
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Figure S7. The SPR sensorgrams and fitting curves of compounds (A. compound 11. B. compound 16. C. 

compound 17. D. compound 18. E. compound 19. F. compound 26. G. compound 27. H. compound 28. I. 

compound 29). 
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Figure S8. The SPR sensorgrams and fitting curves of compounds (A. compound 30. B. compound 31. 

C. compound 32. D. compound 33. E. compound 34. F. compound 35). 

 

Figure S9. TRAP gel for compounds 7, 16 and 30. 
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Figure S10. Compound 16 stabilized and induced the formation of telomeric G-quadruplexes in U2OS 

cells. (A) Representative immunofluorescence images of TRF2 (red) and BG4 (green) foci in U2OS cells 

(B) Quantification of the number of BG4 foci per nucleus in U2OS cells. (C) Quantification of the co-

localization of BG4 and TRF2 per nucleus in U2OS cells.  

 
 

 

Figure S11. Multiple cells immunofluorescence images of TRF2 (green) and BG4 (red) foci in SiHa cells. 
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Figure S12. Multiple cells immunofluorescence images of γ-H2AX (green) and TRF2 (red) foci in SiHa 

cells. 
 

 

Figure S13. Compound 16 induced telomeric DNA damage in U2OS cells. (A) Representative 

immunofluorescence images of γ-H2AX (green) and TRF2 (red) foci in U2OS cells (B) Quantification of 

the number of γ-H2AX foci per nucleus in U2OS cells. (C) Quantification of the co-localization of γ-

H2AX and TRF2 per nucleus in U2OS cells. 
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Figure S14. (A) Representative immunofluorescence images of γ-H2AX (green) and BG4 (red) foci in 

SiHa cells treated with 2 μM 7, 2 μM 16 or 0.1% DMSO (control) for 24 h. The nuclei were stained with 

DAPI (blue). (B) The quantification of γH2AX foci number per nucleus. (C) The quantification of co-

localization of BG4 and γH2AX per nucleus.  
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Figure S15. Expression of telomeric related proteins in SiHa cells. Cells were treated with 1 μM 16 or 

0.1% DMSO for 48 h. 
 

 

 

Figure S16. Compound 16 induced cell cycle arrest and apoptosis in U2OS cells. (A) Cell cycle analysis 

after propidium iodide (PI) staining after a 12-h treatment with 16 or 0.1% DMSO in U2OS cells. (B) The 

percentage of U2OS cells in different phases of the cell cycle, analyzed by EXPO32 ADC software. (C) 

Apoptosis evaluation of U2OS cells after a 96-h treatment with 16. The cells were collected and stained 

with Annexin V-FITC and PI. (D) The percentage of apoptosis in U2OS cells, analyzed by EXPO32 ADC 

software. 
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Figure S17. Cell cycle analysis of compound 7. (A) Cell cycle analysis after PI staining after a 12-h 

treatment with 7 or 0.1% DMSO in SiHa cells. (B) The percentage of SiHa cells in different phases of the 

cell cycle, analyzed by EXPO32 ADC software. 
 

 

 

 

Figure S18. Antiproliferation activities of compound 16. (A) Colony formation of SiHa cells in the 

presence of 16. Cells were plated in a six wells dish with increasing concentrations of 16 for 12 days and 

stained with crystal violet before counting. (B) Quantification of colony numbers, the value of group 

without compound was set as 100%. (C) RTCA analysis of SiHa cells with 16 treatment. The growth 

curves of cells were obtained from the RTCA software 1.1.2. 
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Methods 

 

CD melting assay. CD studies were performed on a Chirascan circular dichroism 

spectrophotometer (Applied Photophysics, UK). A quartz cuvette with a 4 mm path length was used to 

record the spectra over a wavelength range of 230-330 nm with a 1nm bandwidth, 1 nm step size and a 

time of 0.5 s per point. A CD melting assay was performed at a fxed concentration of G-quadruplex (2 

μM), either with or without a fixed concentration (10 μM) of compounds in Tris-HCl buffer (10 mM, pH 

7.4) with 60 mM KCl. The data were recorded at intervals of 2.5 °C over the range 25-95 °C with a heating 

rate of 1°C/min. A buffer baseline was collected in the same cuvette and was subtracted from the sample 

spectra. The final analysis of the data was conducted using Origin 9.0 (OriginLab Corp.) 

 

TRAP-LIG Assay. The ability of schizocommunin derivatives to inhibit telomerase in a cell-free 

system was assessed with the TRAP-LIG assay following previously published procedures.47 Protein 

extracts from exponentially growing SiHa cells were used. Briefly, 0.1 µg of TS forward primer (5′-

AATCCGTCGAGCAGAGTT-3′) was elongated by telomerase (500 ng protein extract) in TRAP buffer 

(20 mM Tris-HCl [pH 8.3], 68 mM KCl, 1.5 mM MgCl2, 1 mM EGTA, and 0.05% Tween 20) containing 

125 µM dNTPs and 0.05 µg BSA. The mix was added to tubes containing freshly prepared ligand at 

various concentrations and to a negative control containing no ligand. The initial elongation step was 

carried out for 30 min at 30 °C, followed by 94 °C for 5 min and a final maintenance of the mixture at 

10 °C. Then the ligands were removed by phenol extraction and ethanol precipitation. The purified 

extended samples were then subject to PCR amplification. For this, a second PCR master mix was 

prepared consisting of 1 µM ACX reverse primer (5′-GCGCGG[CTTACC]3CTAACC-3′), 0.1 µg TS 

forward primer (5′-AATCCGTCGAGCAGAGTT-3′), TRAP buffer, 5 µg BSA, 0.5 mM dNTPs, and 2 

units of Taq polymerase. A 10 µL aliquot of the master mix was added to the purified telomerase extended 

samples and amplified for 35 cycles of 94 °C for 30 s, of 61 °C for 1 min, and of 72 °C for 1 min. Samples 

were separated on a 12% PAGE and visualized with EB. TelIC50 values were then calculated from the 

optical density quantitated from the AlphaEaseFC software. 
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Colony formation assay. SiHa cells were seeded on 6-well plates (300/well) and treated with 

compound 16 or DMSO. DMEM was replaced and different concentrations of 16 were added every 2 days. 

Cells were fixed with methanol and dyed with crystal violet after cultured 12 days. The pictures were 

taken using a x40 magnification using a FL Auto Imaging System EVOS microscope (Life Technologies).  

 

Real-Time Cellular Activity Assay. Compound-mediated cytotoxicity was monitored using a 

real-time cellular analysis (RTCA) multiplate instrument, xCELLigence RTCA DP instrument (Roche 

Applied Science, Indianapolis, IN), which was placed in a humidified incubator at 37 °C and 5% CO2. 

This system monitors cellular events (cell viability, cell number, cell morphology, and degree of adhesion) 

in real time measuring electrical impedance across interdigitated microelectrodes integrated on the bottom 

of tissue culture E-Plates 16-well plates (Roche Applied Science, Indianapolis, IN). The evaluation of 

cellular events was performed on SiHa cells. For time-dependent cell response profiling, 50 µL of media 

was added to 16-well electric plates (E-Plates) to obtain background readings followed by the addition of 

100 µL of cell suspension at the density of 20,000 cells/mL. After seeding, cells were allowed to settle for 

20 min at room temperature before being inserted into the xCELLigence RTCA DP instrument. After 24 

h, the cells were treated compounds or DMSO at various concentrations. The cells were monitored every 

2 min for duration of 2 h after compounds addition to capture the short-term response and for every 15 

min from 2 h after compound addition until the end of the treatment to capture the long-term response. 

Results were plotted using the RTCA software 1.1.2 (Roche Applied Science, Indianapolis, IN). The data 

expressed in cell index (CI) units was exported to Microsoft Excel software (Microsoft, Redmond, WA) 

for mathematical analysis and normalization. 
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1H NMR, 13C NMR, HRMS and HPLC spectrum of final compounds 
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