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Abstract: Searching for specific G-quadruplex DNA probesngartant for study of the function of G-rich gemgsence,
as well as design of novel effective anticancemgdrun this paper, a novel bis-amine-substitutgdykuinolinium dye
(BSAQ) was designed and synthesized to enhance therpearice for the application as a G-quadruplex DNébpr The
studies orBSAQ with different DNA forms showed that it could beedsas a colorimetric and red-emitting fluorescent
probe for G-quadruplex DNA. The limits of detectiohBASQ with various G-quadruplex DNAs were found to belbw
nM. CD spectroscopy analysis revealed 88AQ did not induce the G-rich sequence folding intg@druplex structure.
These results of this study gave some crucial faco developing of effective probes for G-quadxup&lA applications.
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1. Introduction

DNAs play essential roles in the storage and teansf genetic information, which is essential foe tiving organisms
[1]. Guanine-rich DNA sequences can form non-cacednstructures known as G-quadruplexes have atfaicttense
scrutiny [2-4]. The basic unit of a G-quadruplesusture is the guanine tetrad that is derived ftheassociation of four
guanines into a cyclic Hoogsteen hydrogen bondilaggr arrangement. Stacking of several G-tetraddsldo form a
G-quadruplex motif, which can be stabilized by efieh of monovalent cations [5,6]. Computationaélgses of the
human DNA has revealed an abundance of putativedsrgplex-forming sequences in the human genonreeample,
G-quadruplex-forming sequences are found at the efhthe telomeres, ribosomal DNA, as well as aithportant regions
of oncogene promoters [7-9]. Accumulating evidemas linked G-quadruplex structures to a number iofogical
processes in vivo, including DNA replication, trangtion, and genomic maintenance [10-13]. Howevtbe precise
function and mechanism of G-quadruplex formationnimmalian cells remains poorly defined. The rebeafc
G-quadruplex is still at an early stage. Therefdhe development of rapid and simple approachesdétection of
G-quadruplex DNA structures has attracted signifieéiention in recent years.

Notably, visualizing G-quadruplex DNA using smalbiecule probes is an extremely active area andfigignt progress
has been made towards the development of coloionetrfluorescent probes [14-26]. Such as the widlidied dyes

based on cyanine, thiazole, porphyrin, pyrene artazole. Most of them focused on the improvemérnhe probes’



selectivity for G-quadruplex DNA. However, an idéaquadruplex probe should display several keyufeat including
strong photostability and chemical stability, ateirse emission enhancement in the presence of Guplexes, excellent
discrimination for G-quadruplex DNA over other famf DNA, and low detection limit.

lonic styryl dyes represent an important classuoiction dyes that have a number of favorable pteserThey are
fluorescent, have high photostability and syntladtjceasily available [27,28]. Some of them exl@ditremarkably high
affinities toward double-stranded DNA along witlyrgficant changes of their photo-physical proper{i29,30]. Recently,
our group has designed and synthesized severaétrypamine derivatives that exhibited good selégtior G-quadruplex
DNAs [31]. These derivatives contain an amine sidain, which is considered crucial for G-quadrud®¥A sensing. In
order to enhance the selectivity and sensitivitwaiml G-quadruplex DNAs of the ionic styryl dyes, agempted to
assemble styrylquinolinium and amine side groug ifusion scffold. Herein, we reported a new bis-amine-substiute
styrylquinolinium dye BASQ), which was synthesized by a simple and rapidgs®cThe detailed interactionsBASQ

with G-quadruplex DNAs were investigated.
2. Experimental methods
2.1. Oligonucleotides

All oligonucleotides (HPLC purified) were purclegsfrom Sangon Biotechnology Co., Ltd. (Shangh&ing) and the
sequences were listed Tiable S1. Oligonucleotides were dissolved in 10 mM Tris-HiDffer (containing 60 mM KCI, pH
7.4). Prior to use, all oligonucleotides were peated by heating at 9& for 5 min, followed by gradual cooling to room
temperature and kept at this temperature for 3Q Bimding experiments were performed in the sanféelmias used to

dissolve the oligonucleotides.
2.2. Synthesis and characterization

'H NMR and™C NMR spectra were measured on a 400 MHz spectesrueing TMS as internal standard in CH6!
DMSO-ds. Mass spectra (MS) were recorded on a Shimazu LCMSBA instrument with an ESI detector.
4-Fluorobenzaldehyde\-methyl piperazine and 4-hydroxy-2-methylquinolinere purchased from Beijing InnoChem
Science & Technology Co., Ltd. All common solvemtsd chemical reagents were used as received witiuothter
purification. Stock solutions A SQ (5 mM) were prepared in DMSO.

2.1.1. Synthesis and characterization of intermediate 1

4-Fluorobenzaldehyde (400 mg, 3.22 mmibmnethyl piperazine (322 mg, 3.22 mmol) angCiK; (469 mg, 3.40 mmol)
were stirred in dry DMF at 130 °C under nitrogema@sphere. After 12 h, the reaction was quencheaddtion of water.
The resulting mixture was extracted with EtOAc (8& mL), washed with brine, and dried over anhydrblgSO,. The

resulting residue was purified by flash chromatogyafffE/EtOAc 1:4). Yield 65%, white solidH NMR (400 MHz,



CDCl3) 8 9.78 (s, 1H), 7.76 (dl = 8.8 Hz, 2H), 6.92 (d] = 8.8 Hz, 2H), 3.46-3.37 (m, 4H), 2.59-2.54 (m)4R36 (s, 3H).
LC-MS: (positive modenvz) calculated 205.1431, found 205.1321 for [M+H]
2.1.2. Synthesis and characterization of BASQ

A solution ofintermediate 1 (320 mg, 1.59 mmol), 1,2-dimethyl-4-chloroquinelirum iodode 8, 507 mg, 1.59 mmol)
and N-methyl piperazine (200 mg, 2.0 mmol) in anhydretisanol (30 mL) was refluxed for 24 h under nitrogeith
stirring. After cooling to room temperature, théveot was evaporated under reduced pressure. Fiueswas purified by
column chromatography on silica gel eluting with CH/CH;OH (20:1, v/v) to affordBASQ (0.35 g, 38.7 %) as a red
solid."H NMR (400MHz, DMSO#) 8: 8.24 (d,J = 8.28 Hz, 1H), 8.09 (dl = 7.84 Hz, 1H), 7.99-7.90 (m, 2H), 7.78 {d;
7.32 Hz, 2H), 7.72 (1)=6.6 Hz, 1H), 7.47 (s, 1H), 7.43 (s, 1H), 7.01 Jd; 7.08 Hz, 2H), 4.19 (s, 3H), 3.75 (br, 8H),
2.79-2.73 (m, 8H), 2.48 (s, 3H), 2.37 (s, 3HL NMR (100 MHz, DMSOd,) &: 158.86, 154.35, 151.67, 143.76, 140.54,
133.53, 130.35, 126.31, 126.14, 125.15, 119.62,111915.02, 114.31, 104.86, 53.89, 53.42, 53.2361% 45.69, 45.04,

44.24; LC-MS: (positive modeyz) calculated 442.2965, found 442.2955 for [M-I]

2.3. Measurements and methodol ogy
2.3.1. UV-vis spectral studies

The UV-vis spectra were recorded on an UV-2550 tspglsotometer using a 1 cm path length quartz ¢enett room
temperature. For the titration experiments, smédjuats of a stock solution of the DNAs were addedthe solution
containingBASQ at a fixed concentration (@) in aqueous buffer (10 mM Tris-HCI, pH 7.4, 60 niCl). After each

DNA addition, the solution was incubated for 1 rb&fore absorption spectra recorded.
2.3.2. Fluorimetric titrations

Fluorescence spectra were measured on a ShimadaB®RIPCS spectrofluorophotometer in a 10 mm quaglizat
room temperature. The concentratiorB&SQ was fixed at 21M and the titration process was similar to absorpspectra
titration experiment. Both excitation and emissitits were set at 10 nm. The fluorescence measumenses obtained at an
excitation wavelength of 470 nm. The date fromftherimetric titrations were analyzed accordinghe independent-site
model by nonlinear fitting to equation (1) [32], which Fq is the fluorescence intensity 8SAQ in the absence of
G-quadruplex DNAN is the putative number A SQ molecules binding to a given DNA matri®, is the fluorescence
enhancement upon saturatioA, = 1/[K.Cqe and Xx = nCpna/Cae. The parameter) and A were found by
Levenberg-Marquardt fitting routine in Origin 8.&fvare.

P %[A+1+x—\/(14+1+x)2—4x] (1)

Fo

2.3.3. FID assay
The experiment was carried out in 10 mM Tris-HCfféu(containing 60 mM KCI, pH 7.4) by adding difént

concentrations oBASQ to the TO-bound Htg-21 solution. The concentratioh TO andHtg-21 were set at 0.5 and

0.1 uM, respectively.BSAQ was added until no change was observed in theeigence intensity indicating the



binding saturation has been achieved. The fluorescepectra were measured using excitation waviblexido04 nm

and the emission range was set between 515 anani00
2.3.4 Circular dichroism (CD)

CD spectra (230-400 nm) were performed on a JAS&IB-gircular dichroism spectrophotometer using anh@ path
length quartz cuvette. The scanning speed of te&uiment was set to 500 nm minThe strand concentration of
oligonucleotide Htg-21 used for measurement wagMb The buffer condition is 10 mM Tris-HCI, pH 7.4 ithe

presence/absence of 60 mM KCI. Final analysis @fidita was carried out using Origin 8.5.
3. Reaults and discussion

3.1 Synthesisi of the bis-amine-substituted styrylquinolinium dye BASQ

The desired dyeBASQ, was synthesized following the procedure repopeViously by our group [31]. As shown in
Scheme 1, intermediatel was obtained by the reactionwfluorobenzaldehyde withl-methyl piperazine. This compound
was followed by reaction with 1,2-dimethyl-4-chlgronolin-1-ium iododeN-methyl piperazine in one-pot to give the final
dye BASQ. The structure of this new dye was characterizedtb NMR, **C NMR and MS (see the Supplementary

Information).

<Scheme 1. Synthetic route for the synthesis of BASQ.>

3.2 Fluorescence spectroscopic studies of BASQ upon interaction with nucleic acids

To investigate the interactions BASQ with G-quadruplex DNASs, fluorescence titrationslidi mM Tris-HCI buffer at
pH 7.4 were first performed. The fluorescence ewisband 0BASQ (2 uM) at 514 nm is very weak at room temperature
(Fig.1). Upon gradual addition of human telomeric G-quatex DNA Htg-21, an emission peak at approximafsy nm
appeared and was significantly enhanced and eugnteached to ~240 fold at the concentration as é&s 0.68.M. We
speculated that the interaction betwdahSQ and Htg-21 may restrict the rotation of the metHimidge ofBASQ, as
shown by the emission enhancement in a viscousume(Hig. S1), therefore enhancing the radiative pathway relara
and fluorescence emission [33]. This fluorescemh-tn properties were also observed when treatetth wiher
G-quadruplex DNAs (22AG, CM22, C-myc, G3T3, Hrad &Xkitl) (Fig.1B andFig. S2). The changes in fluorescence
intensities could even be detected by the nakedumgler UV light Fig. S3). It is worth pointing out that the specific red
emission oBASQ with G-quadruplex DNA is very attractive for cdluimaging experiments, as low photo-damage, and
minimal fluorescence background can be achieved. [8# contrast, much smaller changes were obsemvét
single-stranded DNA (ss26), double-stranded DNERK&) and the protein BSA. These results sugges$tBASQ exhibits

a selectively fluorescence response toward G-qpseiDNAS.



<Fig.1. (A) Fluorescence spectra of 2 uM BASQ titrated with Htg-21 in 10 mM Tris-HCI buffer, 60 mM KCI, pH 7.4; Arrow: concentrations of
Htg-21 ranged from O to 0.68 M. (B) Distribution of the values of fluorescence intensity at 587 nm for BASQ (2 xM) with all the tested samples

(0.68 uM). Error bars represent the standard deviations of the results from three independent experiments.>

3.3 UV-vis spectroscopic studies of BASQ upon interaction with nucleic acids

The absorption properties &ASQ with nucleic acids were explored by UV-vis speataysc titrations.Electronic
absorbance spectroscopy is one of the most useflgl to investigate the interactions of dyes witdAD As shown inFig.
2A, upon addition of Htg-21, the intensity of 377 mradually decreased, and a large redshift of thgirman was
observed with an obvious isosbestic point at 433 wimich finally led to a new peak at about 456 r®ther tested
G-quadruplex DNAs could also clearly enhance thepdiance oBASQ at 456 nm Eig. S4). It has been reported that
intercalative mode of binding between compound @Ne\ usually results in hypochromism and red shifedo the strong
stacking interactions [35]. The large red shift iygochromism betweeBASQ and G-quadruplexes parallels intercalative
binding mode. In general, quinolinium moiety maienact with G-quartet plane lynr stacking. The effects of duplex and
single-stranded DNAs on the absorption band8A5Q were much weaker than the G-quadruplex DNAs, winicly
caused a hypochromic effect at 433 nm. Thus, theevaf Asss nfAz77 nm COUld be used as a criterion to discriminate
between G-quadruplexes and other DNA forms. Atdiwecentration of 2.4M DNA, The values of Asg ndA3z77 nm Of all
tested G-quadruplexes were greater than 1.0. Iragin the values of other DNAs were less than (FH§. 2B).
Accordingly, the changes in absorption spectra wegood agreement with that of fluorescence tdaraexperiments. The
above results indicate thBA SQ could also be used as a colorimetric probe tandjstsh G-quadruplexes from other DNA

forms.

<Fig.2. (A) Absorption spectra of 8 uM BASQ titrated with Htg-21 in 10 mM Tris-HCI buffer, pH 7.4, 60 mM KCI; Arrows: concentrations of
Htg-21 ranged from 0 to 2 uM. (B) Plots of Assg nm/As77 nm Of 8 uM BASQ against the DNA concentrations.>

3.4. The detection limits of BASQ with G-quadruplex DNAs

For an ideal G-quadruplex DNA probe, the selegtisitd sensitivity are both important criteria. Téfere, we measured
the detection limits (LODs) dBASQ toward DNA G-quadruplexes by means of spectroifoetric titrations. The LOD
values were calculated according to the equati@it [B6]. The c value represents the standard deviation for meltip
measurements of blank solution. Thealue is the slope derived from the linear ranjtheBASQ fluorescence titration
curve with different G-quadruplex DNAs. The lineanges of the fluorescence titration curvesB&SQ with most of
G-quadruplex DNAs ranged from 0-400 nM. Thus, kivalues were obtained by fitting these curves aedcbrresponding

values of the LODs were shown Tiable 1 andFig. S5. Clearly, the LODs oBASQ for different G-quadruplex DNAs in



solution were below 1 nM, which meant it was aldedetect G-quadruplex DNAs in the nanomolar rangés also
noteworthy that the LOD values dASQ are significant improved in comparison with monmoiae-substituted
qguinolinium dye reported previously [31], which hagletection limit of 158 nM. Accordingly, the ingwing detection
limits of BASQ for G-quadruplex DNA revealed the importance @& #&mine chain. The date underline tBASQ shows

high sensitivity toward G-quadruplex DNAs.

<Table 1 The detection limits and linear ranges of BASQ (2 uM) for different G-quadruplex DNAs in solution.>

3.5. Binding properties of BASQ with G-quadruplex DNAs

In an effort to understand the details of bindimggess, we evaluated the binding stoichiometrigsiaininsic constants
(Ka) betweenBASQ and individual G-quadruplexes. The fluorescendeatibn curves were further fitted to an
independent-site model (Experimental methods). fdseilts are summarized ifable 2. Analyses of the relationship
between the fluorescence intensityBASQ and the concentrations of DNA G-quadruplexes d#é&drbinding constants in
the range from 0.10-3.36 x 4™ However, the binding affinities and fluorescerehancements are not directly
correlated, due to the different microenvironmentghe binding sites, which avoid the nonradiatig&axation process to
different extents. The results were further condidrby Job plot experiment&if. S6). To gain further insight into the
binding mode betweeBASQ and G-quadruplex, the dye affinity for Htg-21 wasted by an indirect FID (fluorescence
intercalator displacement) approach [37]. This wsseasures the decrease in fluorescence intensity the displacement
of thiazole-orange (TO) from the G-quadruplex-TOnptex by the dye. TO is highly fluorescent uporerattion with
G-quadruplex DNA mainly by am-n stacking mode whereas totally quenched when fnesolution. Efficiency TO
displacement would thus be an indication of an shiméing mode of our dye. As shown in Fig 8ASQ could partially
displace (41%) TO from Htg-21, indicating the f#itat quinolinium moiety oBASQ can only undergo partial stacking

interactions with G-quadruplex DNA.

<Table 2. Binding stoichiometries and intrinsic binding constants (K,) of BASQ in the presence of different G-quadruplex DNAs.>

3.6. Effect of cationic species of Htg-21 on the interactions with BASQ

Since the G-rich sequence is prone to fold intouddguplex structure in the presence of metal iém&l cationic ion
plays an important role in determining the secopdauctures [5,6]. To explore this, the fluoresmebehaviors 0BASQ
with Htg-21 in the different concentrations of kn were investigated. The finding showed thabfiscence intensities of

BASQ strongly depended on the concentrations 6fiéh, with maximal value occurring near 5 mM. AbotlEs



concentration, however, the maximum fluorescentensity was found to show a regular decrease, psrhacause the
high concentration of Kdisrupted the docking between the Htg-21 BA®Q. Based on the G-quadruplex ligands reported
previously, we have known that the positively cleglrgor protonable amine side group would enhancetreftatic
interaction strength with the negatively chargedADphosphate backbone. The strong dependence diubescence
intensities on the ionic strength of the bufferigadies that the electrostatic interactions playngwortant role in the binding

process.

<Fig.3. (A) Fluorescence intensities of BASQ (2 uM) at 587 nmwith different amounts of Htg-21 in the various K* buffers (1-100 mM). (B)
Fluorescence intensities of BASQ (2 xM) at 587 nmwith Htg-21 (0.32 zM) in the 1-100 mM K* buffers.>

3.7. CD studies

To investigated whethd8ASQ has the G-quadruplex induced ability with Htg-2liet can not spontaneously fold into
G-quadruplex in the absence of metal ioh #e effects oBASQ on the conformation of G-quadruplex Htg-21 in the
absence and presence of ikn were studied by using circular dichroism (C@hich is an extremely useful technique to
study nucleic acids conformation. The typical Czapum of Htg-21 is a hybrid-type of quadruplex DNAntaining
parallel and anti-parallel structure in the preseotK' ion, with a large positive band at about 293 nrshaulder around
272 nm, a small positive band at 251 nm, and a miegative band near 234 nm [6,38,39]. Upon gradddition of
BASQ to this solution, a maximum band at 292 nm inadaand the shoulder at 272 nm decreased and miertgethe
band at 292 nm. Meanwhile, the small positive baina51 nm decreased. These changes indicatechthdiy¢BASQ did
not cause significant conformation transition of Htg-@3igquadruplex structure. However, the enhancemietiteopositive
peak may be attributed to the stabilization of Gayuplex structure by this dye. In order to explateetherBASQ can
induce the formation of G-quadruplex structure ot im the absence of salt, the CD experiment wasechout in the
K*-free buffer. In this case, the Htg-21 alone digptha characteristic CD band at 255 nm and 297camforming its
unfold state (Fig. 4B). As the concentratiorB#SQ increased, there were still two characteristidtp@sCD band at 255
nm and 297 nm, confirming its unfolded state, iatlitg thatBASQ can not induce the structure exchange from unéblde

state to quadruplex state.

<Fig. 4. CD titrations spectra of BASQ for Htg-21 (4 xM) in 10 mM Tris-HCI buffer (pH 7.4) in the presence (A) and absence (B) of 60 mM KClI.
The concentration of BASQ isfrom 0 to 8 M. Arrows indicate the change direction of peaks.>

4, Conclusions

In conclusion, a bis-amine-substituted styryl dB&SQ, has been designed and synthesized as a G-quadmplA



targeting probeBASQ was found to express large red shifts of its ghigmr spectra and significant fluorescence
enhancements upon binding with G-quadruplex DNAS&jlevshowed insignificant changes upon interactiovith
non-quadruplex structures. In further studiB8SQ exhibited highly sensitive fluorescence detectidnG-quadruplex
DNAs with the LOD values below 1 nM in solution.&'&D spectra titrations results revealed BRASQ could not convert
G-rich sequence into G-quadruplex structure. Adlstinremarkable propertiesBASQ suggested it should have promising

applications in the field of G-quadruplex DNA resdga and provide useful information for future sesd
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Captions:

Scheme 1 Synthetic route for the synthesisBASQ.

Table 1 The detection limits and linear rangeB#& SQ (2 uM) for different G-quadruplex DNAs in solution.

Table 2 Binding stoichiometries and intrinsic binding cargs (K;) of BASQ in the presence of different G-quadruplex
DNAs.

Fig.1. (A) Fluorescence spectra o1 BASQ titrated with Htg-21 in 10 mM Tris-HCI buffer, @M KCI, pH 7.4; Arrow:
concentrations of Htg-21 ranged from O to Ou88. (B) Distribution of the values of fluorescencgeansity at 587 nm for
BASQ (2 uM) with all the tested samples (0.G81). Error bars represent the standard deviationb@fesults from three
independent experiments.

Fig. 2. (A) Absorption spectra of gM BASQ titrated with Htg-21 in 10 mM Tris-HCI buffer, pH4, 60 mM KCI; Arrows:
concentrations of Htg-21 ranged from 0 tpM. (B) Plots of Aisg ndAz77 nmOf 8 UM BASQ against the DNA
concentrations.

Fig. 3. (A) Fluorescence intensities BASQ (2 uM) at 587 nm with different amounts of Htg-21 iretiiarious K buffers
(1-100 mM). (B) Fluorescence intensitiesBiSQ (2 uM) at 587 nm with Htg-21 (0.3@M) in the 1-100 mM K buffers.

Fig. 4. CD titrations spectra dBASQ for Htg-21 (4pM) in 10 mM Tris-HCI buffer (pH 7.4) in the presen¢A) and
absence (B) of 60 mM KCI. The concentratiorB&fSQ is from 0 to 8uM. Arrows indicate the change direction of peaks.



Reagents and conditions: (a) potassium carbonate, 100 °C, 12 h; (b) phosphorus oxychloride, 120 °C, 5 h; (c)
iodomethane, sulfolane, 80 °C 24 h; (d) N-methyl piperazine,1, ethanol, 80 °C, 12 h.

Scheme 1

DNA sample LOD (nM) Linear ran(eM)
Htg-21 0.84 0-400

22AG 0.63 0-240

C-myc 0.36 0-320

CM22 0.64 0-400

Ckitl 0.72 0-400

G3T3 0.63 0-320

Hras 0.85 0-320

Table1



DNA sample StoichiometrBASQ:DNA) Ka (1P MY

Htg-21 2:1 0.91+0.07
22AG 1:1 0.620.05
C-myc 4:1 0.22+0.02
CM22 2:1 0.10+0.01
Ckitl 1:2 0.56+0.04
G3T3 4:1 3.360.12
Hras 4:1 3.01+0.11
Table 2
(A) 1000 - (B)
1800+
2
@ %1500-
2 c
s 2 1200
] E 900
g § 600
& b |
S E 300
i S
-+ ; = : \ o 04
550 600 650 700 750

Wavelength (nm)

Fig. 1




(A) B), ;.
1.24
—a— 22AG
1.14 —e— Ckit1
b ——CM22
c = 1.0 —v—C-myc
8 5 —«—G3T3
= < 0.9 —»— Htg-21
o E
@ E —e—Hras
K] 2 0.84 —ea— ctDNA
L= qv —o—5526
0.7
. 0.6
350 400 450 500 550 600 650 0.0 0.5 1.0 1.5 2.0 25
Wavelength (nm) [DNA] (uM)
Fig. 2
(A) (B)
3.'mm:- 2 10001 1
‘@ KCl (mM) ‘6
£ 800- LAy %
2 s 2 800
= 6004 ——20 =
3 ——a 3 6004
c ——60 [
o 4004 ——100 8
I I
£ 200 g ™M
= =
L 0 T T T r r - , L 200+ T T T T T
0.00 0.05 0.10 0.15 020 0.25 0.30 0.35 0 20 40 60 80 100
[Htg-21] (M) KCI (mM)

Fig. 3



E

54

CD(mdeg)

— Htg-21

—— Htg-21:BASQ(2:1)
—— Htg-21:BASQ(1:1)
—— Htg-21:BASQ(1:2)

=
-
=)

¥

CD(mdeg)

Wavelength (nm)

2:';0 260 2é0 360 350 3:10 3!!][! 31‘;0 4(‘]0

Fig. 4

—Htg-21
—— Htg-21:BASQ(2:1)
—— Hig-21:BASQ(1:1)

T

220 240 260 280 300 320 340 360 380 400
Wavelength (nm)



Highlights:

A bis-amine-substituted styrylquinolinium dyB8FAQ) was designed and synthesized.

BSAQ could be used as a colorimetric and red-emittingréscent probe for G-quadruplex
DNAs.

The limits of detection dBASQ with various G-quadruplex DNAs were found to belbwM.

The binding properties were demonstrated.



