JIAIC[S

COMMUNICATIONS

Published on Web 03/20/2007

A Sensitive and Homogeneous SNP Detection Using Cationic Conjugated
Polymers

Xinrui Duan,t Zhengping Li,* Fang He,* and Shu Wang**

College of Chemistry and itonmental Science, Hebei Urgrsity, Baoding 071002, Hebei Prince, P. R. China,
and Beijing National Laboratory for Molecular Sciences, Key Laboratory of Organic Solids, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100080, P. R. China

Received January 28, 2007; E-mail: Izpbd@mail.hbu.edu.cn; wangshu@iccas.ac.cn

As the human genome project has uncovered the full sequenceScheme 1. (a) Schematic Representation of the SNP Assay; (b)
of human genomes, the analysis of the variations among individual Chémical Structures of PFP and dGTP-FI; (c) DNA Sequences
. . . . Used in the Assay: The Mismatched Base in the Mutant Target is
genomes, especially of single nucleotide polymorphisms (SNPS), Jnderlined
has become an area of intense investigation for better understanding

and treating the complex diseases of hum&NPs can be used |
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as not only high-resolution genetic markers for mapping gene, g o e
defining population structure, and performing gene association A T T —looa-T Vo P
studie$ but also a fundamental tool for identifying numerous genetic B = oo E O O OH
and inherited diseases and drug discovéryarious methods for = . = oo
SNP detection have been reporf€dsuch as single-strand confor- L b, f° o

. . . . o Probe | 4GTP-FI PFP ¢ o
mation polymorphism analysis, heteroduplex analysis, allele specific I I I 2| HN oy Wl o
oligonucleotide hybridization, enzyme mismatch cleavage, oligo- g g;,. ‘C3T by @eg 0909 iy [
nucleotide ligation, and invader assays. However, most of these p g H 2o 1 HO'ZEEHZE@ NHE
methods are based on gel electrophoresis or a solid support phase g g TP >° H dete oH
to immobilize the oligonucleotide probes and, therefore, need the 1 2 H oo dGTP-FI
cumbersome protocols or multiple washing steps. As a way to a b

circumvent the limitations, several techniques have been developed

. : a P Wild target:  5-CCTCTGTGCGCCGGTCTCTCCCAGGACAGGCA-3'
for detecting SNPs in homogeneous solution, such as fluorescence  pytant target: 5-CCTCTGTGCGCCAGTCTCTCCCAGGACAGGCA-3'
polarization (FP) and fluorescence resonance energy transfer  Probe: 5-TGCCTGTCCTGGGAGAGACT-3'
(FRET, e.g., TagMan, molecular beacdd).The FP technique ¢

_sutffers_tth(’awlolw S(lansglwty becau;eTof 'I\c/lnw polagzed fluqres((j:engle an absorption maximum at 480 nm, was chosen since its absorption
intensity. Molecular beacons and fagian probes require doubly overlaps with the emission of PFP with the emission maximum at

Iabe[ed DNA pmt.’es' Wh,'f:h are expenswe.. There is thus a 424 nm. Irradiation at 380 nm selectively excites PFP, and FRET
requirement for rapid, sensitive, and cost-effective methods for SNPfrom PEP (donor) to fluorescein (acceptor) is favoreh situation

detections. A of Scheme 1a, the probe is fully complementary to the mutant

_Conjugated polymers (CF.)S) _contam alarge number of absorb'ngtarget, and the dGTP-Fl is incorporated into the probe by extension
units, and the transfer of excitation energy along the whole baCkbonereaction in the presence of Tag DNA polymerase. Upon adding

of the CP to the c_hromophore reporter results in the ampllflcathn he cationic conjugated polymer, strong electrostatic interactions
of fluorescence signals. Therefore, CPs can be used as the opticay .., «on DNA and PEP bring the fluorescein close to PFP and
platforms in highly sensitive chemical and biological sensbrs: efficient FRET from PFP to fluorescein occurs. In situation B, the
Micro§pheres, melting curves, or PNA probe-based SNP detec,tion?:’-terminal base of the probe is not complementary to the wild-
by using CPs have _bgen developed; however, th?y need elthertype target, thus the base extension reactions cannot be performed,
multiple steps, soph{st!cated ProCesses, or expensive 1P'MA._ and the dGTP-FIl remains in the solution. In this case, upon adding
demonstrated here, it is possible to use CPs to design a Slmple’the PFP, much weaker electrostatic interactions between the dGTP-

sensitive, homogeneous, and rapid platform for SNP detection. FI and PFP keep the fluorescein far away from PFP, and FRET
Our new assay strategy for SNP detection is illustrated in Schemefrom PEP to fluorescein is inefficient '

la. The target DNA fragment is part of p53 exon8 containing a
polymorphic site (Arg282Trp}® where the nucleotide G in a wild-
type target is replaced by A in a mutant. THet&minal base of
the probe is T that is complementary to the mutant-type target

Ze;quen_ce ansd |hs not iom_pll_lemgr’:ltztry tlo the Wild-tygzéa_lltgelt St lthsphosphate buffered saline (PBS, pH 7.4). By addition of PFP, the
“terminus (Scheme 1c). Taq polymerase an aveie comparison of the resulting fluorescence from fluorescein obtained

with a fluorescein (dGTP.'Fl) at the_guanine base (S(_:heme 1_b) Wereby excitation at 380 nm shows an approximately 4 times higher
used for probe extension reactions. Poly[(9,9-bid{®,N-tri-

ethylammonium)hexyl)fluorenylene phenylene] (PFP, see struc-
ture in Scheme 1B}'8is used as the cationic conjugated polymer
in energy transfer experiments. The fluorescein label in dGTP, with

Figure 1a compares the emission spectra observed upon adding
PFP ([PFP]= 1.5 x 10°® M in monomer repeat units (RUs)) to
probe extension solutions that were diluted to a mutant or wild-
type target DNA concentration of ¥ 1078 M with 200 mM

signal for the complementary target/probe pair (mutant target and
probe) extension product, relative to the one base mismatch wild
target/probe pair. From the intensity changes of PFP emission, the
FRET efficiency was measured to be 42% with the RSD of 3.7%.
* Hebei University. Note that, in comparison to the control experiment (wild-target with
* Chinese Academy of Sciences. dGTP-Fl extension in Taq DNA polymerase reaction buffer without
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frequency was detected. In other words, the mutant-type target can

@ e~ b

3 +200! __m“o.',.m. j . be detected in the presence of the wild-type target, in which the

i w00l et (7, =480 orth ] ‘?'_ concentration is 49 times higher than that of the mutant-type target.

E: w0l 2 o8 In summary, we report a convenient and homogeneous fluores-

E B cence method for SNP detection as well as allele frequency
OJ N _ & %4 = determination with the light-harvesting properties of conjugated

© 20 0 70 8w ‘et mutant wid i polymers. The higher FRET efficiency between PFP and dGTP-Fl
Wavelength{nm) control control is correlated to the incorporation of dGTP-FI when target/probe

Figure 1. Emission spectra (a) and FRET rati@sgnn{ls2anm (b) from pair is complementary at the polymorphic site. Taking advantage

solutions containing PFP and extension products of mutant and wild target of the high specificity of the assay method, the mutant target can

DNAs in Taq DNA polymerase reaction buffer containing 1.5 mM3a¥g ; . . : - . .
ions. The extension solutions without Kfgions are used as control. The ~ P€ determ,ned In a mixed solution containing 49 times higher
probe extension solutions are diluted by 200 times with 200 mM PBS buffer concentration of wild target. The allele frequency as low as 2%

(pH 7.4) before fluorescence measurements. The final concentration: can be accurately determined with a common spectrofluorimeter

[mutant or wild target}= 1 x 1078 M, [mutant probe]= 2 x 1078 M, in a homogeneous and cost-effective manner.
[dGTP-FI]=5 x 1078 M, [PFP]= 1.5 x 1076 M in RUs. The excitation
wavelength is 380 nm. Acknowledgment. The project is supported by the National
=03 14, ; Natural Science Foundation of China (20675023, 20574073, and
. ’5 12/P e 20421101), the program for New Century Excellent Talents in
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Figure 2. (a) Emission spectra of the extension production at various allele
frequencies. (b) FRET ratidsgsnnfl a24nm) @s a function of allele frequencies.

at http://pubs.acs.org.
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