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Experimental details

Materials, methods and instrumentation. 1H and 13C NMR spectra were recorded in DMSO-

d6 on a Varian Mercury 400 spectrometer. ESI-MS and HR-ESI-MS spectra were measured on 

Waters UPLC/Quattro Premier XE and Agilent 6460 Triple Quadrupole mass spectrometers, 

respectively. Compounds 1b, 1c, 2 and 3 were prepared according to reported protocols.1-2

Synthesis of compound 1a. To a solution of berberrubine 2 (107 mg, 0.3 mmol) in MeCN (20 

mL) was added diethylene glycol ditosylate 3 (62 mg, 0.15 mmol). The resulting mixture was 

refluxed for 84 h, and then concentrated under reduced pressure. The obtained residue was 

subjected to anion exchange into chloride form, and subsequently purified by chromatography 

on a reverse-phase column, eluted with a gradient of methanol in water (0–10%), to give 

compound 1a (93 mg, 79%) as a yellow powder having 1H NMR (400 MHz, d6-DMSO) δ 9.63 

(s, 2H), 8.80 (s, 2H), 8.10 (d, J = 9.0 Hz, 2H), 7.92 (d, J = 9.0 Hz, 2H), 7.40 (s, 2H), 7.05 (s, 

2H), 6.13 (s, 4H), 4.95 (s, 4H), 4.27 (s, 4H), 3.92 (s, 6H), 3.89 (s, 4H), 3.15 (s, 4H); 13C NMR 

(100 MHz, d6-DMSO) δ 150.6, 150.1, 147.9, 145.6, 143.0, 137.4, 133.2, 130.6, 126.5, 124.0, 

122.3, 120.6, 120.4, 108.6, 105.5, 102.5, 73.2, 69.9, 57.2, 55.4, 26.6; ESI-MS m/z: 357.7 ([M-

2Cl]2+) and HRMS for C42H38N2O9
2+ ([M-2Cl]2+) Calcd: 357.1283, found: 357.1282.
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Table S1. G2T1 binding constants (K’s, M-1), stabilization temperatures (ΔTm, °C), and binding 
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ratio and mode of previously reported binders.

Binder K ΔTm Binding ratio and  mode DNA structure Ref.

Triaryl-imidazole 1.28×105 23 1:1, pocket  intercalation Mixed-type [1]

Dinickel-salphen 3.11×107 14.1 2:1, End-stacking Antiparallel [2]

Cyclic helicene 2.31×106 / 3:1, pocket  intercalation Mixed-type [3]

QATPE a 8.94×106 6.6 4:1, pocket intercalation and end-stacking Mixed-type [4]

TMPipEOPP b 0.6~2.5×106 9.1~13 1:1.6, pocket intercalation and end-stacking Mixed-type [5, 6]

DR4-47 c / >28.5 /, End-stacking Mixed-type [7]

EPI d 2.60×107 / 2:1, / Mixed-type [8]

Ni-M e 4.6×107 12 1:1, End-stacking Antiparallel [9]

TMPyP4 b 2.4×106 / 4:1, External and end-stacking Mixed-type [10]

Azatrux f 1.1×106 / 2.8:1, pocket intercalation and end-stacking Mixed-type [10]

a QATPE = 1, 1, 2, 2-Tetrakis{4-[(trimethylammonium)butoxy]phenyl}tetraphenylethene tetrabromide; b 
TMPyP4 and TMPipEOPP,  = cationic porphyrin and its derivative; c DR4-47 = Hybrid oxazole-triazole 
ligand; d EPI = epiberberine; e Ni-M = Zinc-finger like nanosized chiral Ni(II)-supramolecular complex; f 
Azatrux = three side-chained triazatruxene derivative azatrux; / = no detected.
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Fig. S1 1H NMR (400 MHz) of compound 1a in d6-DMSO.

Fig. S2 13C NMR (100 MHz) of compound 1a in d6-DMSO.
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Fig. S3 HR-ESI-MS of compound 1a.

Fig. S4 Schematic representation of various monomeric and dimeric G-quadruplexes.
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(a)

 

(b)

(c)

Fig. S5 UV-Vis titration of 5 μM compounds 1a (a), 1b (b) and 1c (c) with mixed-type G2T1 

DNA of increasing concentrations (0~6.50 μM) in 10 mM Tris-HCl, 100 mM KCl and pH 7.0. 

Inset: a reciprocal plot of ([G2T1]/Δεap)×1010 versus [G2T1]×106, Δεap=(Aobserved–Afree 

compound)/[compound].
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(a)

 

(b)

(c)

Fig. S6 UV-Vis titration of 5 μM compounds 1a (a), 1b (b) and 1c (c) with antiparallel G2T1 

DNA of increasing concentrations (0~6.50 μM) in 10 mM Tris-HCl, 100 mM NaCl and pH 

7.0. Inset: a reciprocal plot of ([G2T1]/Δεap)×1010 versus [G2T1]×106, Δεap=(Aobserved–Afree 

compound)/[compound].
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(a)

  

(b)

(c)

Fig. S7 UV-Vis titration of 5 μM compounds 1a (a), 1b (b) and 1c (c) with mixed-type G1 

DNA of increasing concentrations (0~6.50 μM) in 10 mM Tris-HCl, 100 mM KCl and pH 7.0. 

Inset: a reciprocal plot of ([G1]/Δεap)×1010 versus [G1]×106, Δεap = (Aobserved–Afree compound) / 

[compound].
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(a)

 

(b)

(c)

Fig. S8 UV-Vis titration of 5 μM compounds 1a (a), 1b (b) and 1c (c) with antiparallel G1 

DNA of increasing concentrations (0~6.50 μM) in 10 mM Tris-HCl, 100 mM NaCl and pH 

7.0. Inset: a reciprocal plot of ([G1]/Δεap)×1010 versus [G1]×106, Δεap=(Aobserved–Afree compound) 

/[compound].
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(a)

 

(b)

(c)

Fig. S9 UV-Vis titration of 5 μM compounds 1a (a), 1b (b) and 1c (c) with CT DNA of 

increasing concentrations (0~6.50 μM) in 10 mM Tris-HCl, 100 mM NaCl and pH 7.0. Inset: 

a reciprocal plot of ([CT DNA]/Δεap)×1010 versus [CT DNA] ×106, Δεap = (Aobserved–Afree 

compound)/[compound].
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(a)

  

(b)

(c)

  

(d)

Fig. S10 UV-Vis titration of compound 1a (5 μM) with mixed-type G2T2 (a), G2T4 (b), G2T6 

(c) and G2T8 (d) of increasing concentrations (0~6.50 μM) in 10 mM Tris-HCl, 100 mM KCl 

and pH 7.0. Inset: a reciprocal plot of ([DNA]/Δεap)×1010 versus [DNA]×106, Δεap = (Aobserved–

Afree compound) / [compound].
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(a)

  

(b)

Fig. S11 Fluorescent spectra of compound 1b (0.5 μM) in the presence of mixed-type G2T1 

(a) and G1 (b) of varying concentrations (0~0.85 μM), in 10 mM Tris-HCl and 100 mM KCl 

(pH 7.0) at λex=350 nm。

(a)

 

(b)

Fig. S12 Fluorescent spectra of compound 1c (0.5 μM) in the presence of different 

concentration mixed-type G2T1 (a) and G1 (b) of varying concentrations (0~0.85 μM), in 10 

mM Tris-HCl and 100 mM KCl (pH 7.0) at λex=350 nm。
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(a)

  

(b)

Fig. S13 Plot of the relative fluorescent intensity (F/F0) of compound 1a (0.5 μM) against the 

concentrations of mixed-type G2T1 (a) and mixed-type G1 (b) in 10 mM Tris-HCl buffer (100 

mM KCl, pH 7.0). λex/λem = 355/530 nm.

(a)   (b)

Fig. S14 (a) Fluorescence emission spectra of compound 1a (0.5 μM) in the presence of c-kit 

1 of varying concentrations. (b) Plot of the relative fluorescent intensity (F/F0) of compound 

1a (0.5 μM) against the concentrations of c-kit 1 in 10 mM Tris-HCl buffer (100 mM KCl, pH 

7.0). λex/λem = 355/530 nm.
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(a)   (b)

Fig. S15 (a) Fluorescence emission spectra of compound 1a (0.5 μM) in the presence of c-kit 

2 of varying concentrations. (b) Plot of the relative fluorescent intensity (F/F0) of compound 

1a (0.5 μM) against the concentrations of c-kit 2 in 10 mM Tris-HCl buffer (100 mM KCl, pH 

7.0). λex/λem = 355/530 nm.
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(a)

   

(b)

(c)

Fig. S16 CD spectra of antiparallel G2T1 (2.5 μM) in 10 mM Tris-HCl and 100 mM NaCl (pH 

7.0) with compounds (a) 1a, (b) 1b and (c) 1c: (1) 0 equiv, (2) 1 equiv, (3) 2 equiv, (4) 4 equiv 

and (5) 8 equiv.
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Fig. S17 CD spectra of mixed-type G2T1 (2.5 μM) in 10 mM Tris-HCl and 100 mM KCl (pH 

7.0) with compound 1c: (1) 0 equiv, (2) 1 equiv, (3) 2 equiv, (4) 4 equiv and (5) 8 equiv.

Fig. S18 CD spectra of nonannealed G2T1 (2.5 μM) in 10 mM Tris-HCl (pH 7.0) in the 

presence of compound 1b: (1) 0 equiv, (2) 1 equiv, (3) 2 equiv, (4) 4 equiv and (5) 8 equiv.
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(a)

   

(b)

Fig. S19 CD melting profiles at 290 nm for mixed-type G2T1 (3.0 μM, a) and mixed-type G1 

(6.0 μM, b) in 10 mM Tris-HCl and 100 mM KCl (pH 7.0) in the presences of compound 1a 

with the different concentrations 0 and 12 μM, respectively.

(a)

  

(b)

(c)

Fig. S20 CD melting profiles at 295 nm for antiparallel G2T1 (3.0 μM, a) and antiparallel G1 

(6.0 μM, b), and at 275 nm for ds DNA (3.0 μM, c) in 10 mM Tris-HCl and 100 mM KCl (pH 

7.0) in the presences of compound 1a with the different concentrations 0 and 12 μM, 
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respectively.


