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Reagents
DNA oligomers were bought from Genewiz (Suzhou, China). The DNA samples were 

dissolved in ultrapure water, and the concentrations were accurately quantified by 260 nm UV 
absorbance before using. Neutral red hydrochloride and other chemical reagents were 
purchased from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China). 10 mM PB 
(Na2HPO4/KH2PO4) buffer was used in the experiment, if not particularly indicated. 
Instruments and methods

F-4600 fluorescence spectrometer (Hitachi, Tokyo, Japan) was utilized to record the 
fluorescence spectra of neutral red. The excitation wavelength was fixed at 550 nm and 
fluorescence emission spectra were collected from 570 to 750 nm. The absorption spectra of 
neutral red were recorded on a Lambda 25 spectrometer (PerkinElmer, Singapore) from 365 to 
670 nm. The CD spectra of DNA were collected by a Chirascan-plus Circular Dichroism 
Spectrometer (Applied Photophysics Ltd, Surrey, UK). Three scans from 210 to 320 at 1 nm 
intervals were accumulated and averaged. Calorimetric titration experiments were performed 
at 25 ℃ on a MicroCal ITC200 apparatus (Northampton, MA, USA).
Melting temperature determination

Melting temperature experiments were performed in 10 mM PB buffer (pH 6.0) using a 
Lambda 25 spectrometer. For each temperature, the absorbance of hTeloC in the absence and 
presence of neutral red (15 μM) was measured at 245, 260, 295 and 405 nm (the control 
wavelength) using 1 cm path length cells, respectively. The temperature was controlled with a 
PTP-6 Peltier System and LabTech H35W. The net absorbance at 245 nm was obtained by 
subtracting the absorbance at 405 nm. The 245 nm melting profiles were obtained by plotting 
the net absorbance at 245 nm versus temperature. Melting temperatures were calculated by 
fitting logistic equation using the Origin 8.0 software.
Binding constant (Ka) calculation

The data from the fluorescence titration assay were modelled by nonlinear curve fitting to 
the equation below. 
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Where, F0, F are the fluorescence intensity of neutral red (610 nm) in the absence and presence 
of DNA, respectively, Fmax denotes the fluorescence intensity of totally bound neutral red and 
n represents the putative number of binding sites on a given DNA matrix.

The binding constant (Ka) and Fmax were obtained using the Origin 8.0 software, where the 
value of Cdye (neutral red) was 1.2*10-6 and the value of n was specified as 1 based on the 1:1 
binding mode.

ITC measurement
Calorimetric titration experiments were performed at 25 ℃ on a MicroCal ITC200 

apparatus (Northampton, MA, USA). DNA and neutral red solutions were prepared in PB 
(Na2HPO4/NaH2PO4) buffer at pH 6.2. For a typical titration, a series of 2 μL aliquots of DNA 
solution (0.3 mM) were injected into the neutral red solution (0.01 mM) at a 150 s interval. The 
heat for each injection was determined by the integration of the peak area in the thermogram 
versus time. Blank titration was performed by injecting DNA into buffer solution without 
neutral red under the same condition. The interaction heat was obtained by subtracting the blank 
heat from that for the DNA/neutral red titration. The binding constant (Ka), binding enthalpy 
(ΔH°) and stoichiometry (n) were derived by fitting the isotherm curves with Origin 7 software.

Molecular docking
Due to the absence of the precise structure of hTeloC i-motif, the structure of a modified 

human telomere fragment d[CCCTA25mCCCTA2CCCUA2CCCT] (PDB: 1EL2) was retrieved 
from the Protein Data Bank. The structure of neutral red was optimized with the Gaussian 09 
package using the B3LYP method with the 6-31G* basis set.1 Docking studies were carried out 
by using the Autodock 4.2 program.2 In the modelling process, a flexible ligand docking on the 
entire surface of the rigid receptor methodology was employed.

Table S1 DNA sequences used in this experiment
name DNA sequences ( 5´-3´)

hTeloC TAACCCTAACCCTAACCCTAACCC

hTeloG AGGGTTAGGGTTAGGGTTAGGG

A12 AAAAAAAAAAAA

T12 TTTTTTTTTTTT

ss23a TATAATACACGTAGCATCTGACA

ss23b TGTCAGATGCTACGTGTATTATA



Figure S1 Fluorescence spectra of neutral red (1.2 μM) at different pH values.

Figure S2 The linear relationship between pH and fluorescence intensity of neutral red (1.2 μM) with hTeloC (2 

μM) at 610 nm.  



Figure S3 Circular dichroism (CD) spectra of hTeloC (2 μM) at different pH values in the absence (A) and presence 

of neutral red (3.6 μM). (C) Ellipticity of hTeloC (2 μM) at 290 nm at different pH values.

Figure S4 CD spectra recorded for hTeloC DNA (2 μM) with different concentrations of neutral red.



Figure S5 UV melting profiles at 245 nm for hTeloC DNA (3 μM) in the absence (A) and presence (B) of neutral 

red (15 μM).

Figure S6 (A) pH dependence of absorption spectra of neutral red (3 μM). (B) Absorbance spectra of neutral red (2 

μM) at pH 6.2 upon addition of hTeloC (0-10 μM).

Figure S7 (A) Absorption spectra and fluorescence excition spectra of neutral red (2 μM) in the absence and presence 

of hTeloC DNA (30 μM) at pH 8.0. (B) Absorption spectra and fluorescence excition spectra of neutral red (2 μM) 

in the absence and presence of hTeloC DNA (10 μM) at pH 6.2.



Figure S8 Job's plots (from fluorescence measurements at 610 nm) for mixtures of NR with hTeloC i-motif. The 

total concentration c(NR) + c(hTeloC) = 5 µM.

Figure S9 Fluorescence spectra of neutral red (1.2 μM) at pH 6.2 (A) and pH 8.0 (B) upon addition of hTeloC (0-

30 μM).

Figure S10 (A) Fluorescence intensity of neutral red (1.2 μM) at 610 nm in 10 mM PB buffer (pH 8.0) with different 

amounts of hTeloC (■),  hTeloG (●), A12 (▲), T12 (▼), single-stranded DNA ss23a (◆) and duplex DNA ds23 

(★). (B) Fluorescence spectra of neutral red (1.2 μM) at pH 8.0 upon the addition of hTeloG (0-30 μM).



Figure S11 ITC profiles of 10 μM neutral red in 10 mM PB buffer (pH 6.2) at 25℃. Panel (A): Heat burst curves 
from titration of hTeloC i-motif into a solution of neutral red. Panel (B): Plots of heat derived by subtracting the 

corresponding dilution heats derived from control titrations of the i-motif into buffer without neutral red versus molar 

ratio of i-motif to neutral red via a model for one-site fitting. 

Figure S12 Energy optimized geometry for neutral red using B3LYP/6-31G basis set in Gaussian 09.1



Figure S13 (A) Stereostructure showing the groove binding mode of the motif for neutral red. (B) Surface contour 

depicting the binding locus (neutral red shown in sticks). 
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