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G-quadruplexes are tetraplex conformations of telomere DNA Schemsj 1 | (a/)dSchematic Represe(rl;gaticr)‘n of thle Assay for
; inhihi Nt i ; G-Quadruplex/dsDNA Transitions; Chemical Structures:
that directly inhibit telomerase ac_t|V|ty in immortalized and most SSDNAc Is Complementary o G-rich DNA, the sSDNAexc.
cancer cellsand h.a.lve the potential to control gene expresélqn. sSDNAanc, and ssDNAgwc are Strands that Are Complementary to
The structural stability of the G-quadruplexes realizes their function. G-rich DNA with Six, Three and One-Base Mismatches
It has been demonstrated that G-quartet DNA can predominantly (highlighted in red)

convert to duplex form in the presence of its complementary strand FRET

under physiological conditioriEfficient probing of the quadruplex- q

to-duplex transition can thus provide useful insight for designing o 2 ocs o

and developing telomerase inhibitors for cancer, HIV, and other ke F’ BN SNE

disease$?4 Conformational changes involved in quadruple-to- B :e,e PFP-NMe,*

duplex transitions have also been used to demonstrate actions akin  py el /e °© HN—0 N

to nanomolecular machinés. =Pk &5 ~r- e
Assays for probing quadruplex-to-duplex transitions take advan- Q”a:r"p'” qu x EB

tage of UV melting curves, circular dichroism (CD), polyacrylamide a b

gel electrophoresis, Raman spectroscopy, surface plasmon reso- G-quadruplex-Fl : FI-5-GGGTTAGGGTTAGGGTTAGGG-3

nance, electrospray mass spectrometry, and NMR technfiques. sSDNA;:  3-CCCAATCCCAATCCCAATCCCS

These methods are time-consuming and laborious or require strand ::g::::cf 22223{;2&%‘{;‘;&%‘;@%2

concentrations that may favor formation of higher-order aggregates. SSDNA e+ 3-COCAATOAGAATOOCAATOO0S

Techniques based on fluorescence resonance energy transfer (FRE
have also appearedhowever, they require doubly labeled DNA
or PNA probes, which are expensive. There is thus a need for more
sensitive and convenient methods to examine quadruplex/duplex
transitions.

Conjugated polymers (CPs) have light-harvesting properties that,
in conjunction with reporter fluorophores attached to high-specificity
probes, can be used in the function of very sensitive optical
biosensor§.The CP coordinates the action of a large number of
absorbing units with efficient intrachain and interchain energy-
transfer mechanisn®sRecently, we and others have utilized these
optical properties to detect DNA, RNA, proteins, and metal
ions10-17 As demonstrated here, it is also possible to use CPs to
design a sensitive, simple, homogeneous, and real-time protocol
that responds to quadruplex/duplex transitions in G-rich DNA.

The overall strategy is illustrated in Scheme la. G-quartet DNA
is labeled with fluorescein (Fl) at thé-germinus (G-quadruplex-

FI). One begins with a solution that contains the cationic CP (CCP)
PFP-NMest (poly{ (1,4-phenylene)-2,7-[9,9-bis¢Bl,N,Ntrimethy-
lammonium)hexy! fluorene]diiodide, G-quadruplex-Fl, and ethid-
ium bromide (EB, an intercalator of double-stranded DNA, dsDNA).
As shown in Scheme 1a-A, electrostatic interactions between
G-quadruplex-FI and PFRNMe;* keep them in close proximity,
allowing for FRET from PFP-NMes* to Fl. EB does not intercalate
into the G-quadruplex (Supporting Information). Situation B in
Scheme 1a illustrates how addition of a complementary strand
results in the transition from G-quadruplex to dsDNA-FI. Under
these conditions the EB intercalates into the grooves of dsDNA-

TIQI. Excitation of PFP-NMe;™ leads to a two-step energy trans-
fer: from PFP-NMe;* to dsDNA-FI (FRET-1), followed by FRET
from dsDNA-FI to EB (FRET-2). Direct FRET from PFRNMes*

to EB is not favored due to nonoptimized transition dipole
orientations of PFPNMe;* and EB within the CCP/dsDNA(EB)
complexi®

Figure 1a compares the emission spectra of G-quadruplex-Fl ([G-
quadruplex-FI}= 5.0 x 10-8 M) with PFP-NMe;™ and EB ([PFP-
NMes™] = 1.25x 1078 M, in repeat units, [EB} 1.5 x 1075 M)
before and after addition of complementary ssINfsSDNA(]
= 5.0 x 108 M). Measurements were performed in phosphate
buffer (50 mM, pH= 7.4). The excitation wavelength was chosen
at the absorbance maximum of PFRMe;™ (380 nm), where no
significant absorption by FI and EB occurs. In the absence of
ssDNAc, only FRET from PFP-NMes* to Fl is observed. Upon
adding ssDNA, formation of the dsDNA takes place, followed by
EB intercalation, and emission from EB is detectable. CD spectra
were measured to confirm quadruplex-to-duplex transition (Figure
1b). For the G-quadruplex, CD spectra exhibit a positive peak at
290 nm with a shoulder at270 nm and a negative peak at 235
nm, which are characteristic of antiparallel G-quadruplex struc-
tures!® With ssDNAc, the CD spectra show the disappearance of
the peak at 290 nm and the appearance of positive peaks at 265
and 220 nm, with a negative peak at 240 nm, which are
characteristic of dsDNA%

Figure 2 shows the EB fluorescence intensity at 600 nm as a
function of the G-quadruplex-Fl/ssDNAncubation time. In these
experiments, a solution of G-quadruplex-Fl ([G-quadruplex=FI]

t Chinese Academy of Sciences. 5.0 x 108 M), PFP-NMez" ([PFP-NMe;*] = 1.25 x 1078 M)
* University of California. and EB ([EB]= 1.5 x 106 M) was prepared at room temperature,
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Figure 1. (a) Fluorescence spectra of G-quadruplex-Fl in the presence of [. q plex] [ ] 9

PFP-NMes* and EB before and after addition of ssDNAG-quadruplex- via the Internet at hitp://pubs.acs.org.
Fl] = [ssDNAc] = 5.0 x 108 M, [PFP-NMes'] = 1.25x 1076 M, [EB]

= 1.5 x 107% M; excitation wavelength is 380 nm; (b) CD spectra of
G-quadruplex at 18C before and after addition of ssSDNAG-quadruplex]

= [ssDNA] = 5.0 x 1076 M.
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