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DNA-PEG-DNA Triblock Macromolecules for Reagentless DNA Detection

Chad E. Immoos,t Stephen J. Lee,* and Mark W. Grinstaff*$

Departments of Biomedical Engineering and Chemistry, Metcalf Center for Science and Engineering,
Boston Uniersity, Boston, Massachusetts 02215, Army Research Office,
Research Triangle Park, North Carolina 27709, and Department of Chemistry and Biochemistry,
California Polytechnic State Unersity, San Luis Obispo, California 93407

Received June 8, 2004; E-mail: mgrin@bu.edu

Electrochemical methods to detect specific nucleic acid sequencesScheme 1. Electrochemical Detection of Target Nucleic Acid

of hereditary diseases, genetic abnormalities, and viral or bacterial Seduences Using a DNA Wrap Assay as Opposed to a
. . L Conventional Sandwich Assay

pathogens are of widespread importance to providing correct Probe strand
medical diagnosis and treatment. The advantages of electrochemical- linker el
based hybridization assays for such DNA screening include rapid
detection, sensitive electrochemical transducers, minimal power
requirements, compatibility with microfabrication techniques, elimi-

nation of sample amplification, and low production cdstsSeveral AT
electrochemical detection schemes have been reported in the last o Target strand
10 years. For example, electrocatalytic signal amplification ap- Capture

proaches have been described by Barton, Thorp, and Bazan. strand
Electrochemiluminescence assays have also been reported for the

detection of specific DNA sequencéRecently, the electrochemical Current Current
detection of DNA using immobilized molecular hairpink' and o

single-stranded DNX have been reported. The sandwich assay is
the most common design for electrochemical DNA senSgfThis study was SFc-G-GTACCACACCAA-(PEG)-GCACATAGAAG-

assay consists of three individual DNA components: an im- GCGA-Ce-SH-3. The melting te.mperature of the capture:target
mobilized capture strand, a target strand, and a probe strandd”plex was 50.2C, the capture:probe duplex was 48a, and

containing a redox-active reporter group. All three components must (€ capture:target:probe duplex was 490(14M DNA in 5 mM

come together to elicit an electrochemical response at the electrodesoClium phosphate, 50 mM NaCl, PH 7.0 buffer). Circular dichroism
surface. Herein, we describe a simplified “two-piece” reagentless spectra of the target DNA strand in the presence of capture strand,

electrochemical assay for DNA detection that exploits a confor- probe strand, or both show transitions at wavelengths characteristic

mational change that occurs when a surface-immobilized, ferrocene-0" B-form DNA o
When the 5Fc-DNA-PEG-DNA-SH-3macromolecule is im-

labeled oligodeoxynucleotide-poly(ethylene glycol) triblock mac- - ’ ) X
romolecule binds a target DNA strand. In this detection scheme, mobilized on the electrode, the'-erminal redox reporter is

the two strands of ssSDNA, the capture and probe strands, are ”nkedelectrostatically repelled from the anionic electrode surface because

together via a flexible poly(ethylene glycol) (PEG) spacer forming of the presence of ir_anb_i"ZEd m(_ercaptoprop_ion.ic acid and is
an ABA triblock macromolecule that is immobilized on a gold therefore electrochemically inaccessible. Upon binding of the target

electrode surface (Scheme 1). The capture strand contaihs a 3 DNA to the immobilized capture strand, the probe strand also binds
terminal thiol for immobilization on a gold electrode. The probe [© the target, decreasing the distance between therdinal
strand contains aBerminal redox-active reporter group, ferrocene. fgrrocene and the electrode surface, affording an electrochemical
The close proximity of the immobilized capture strand and the signal (see Scheme 1). , )
tethered probe strand facilitates target binding and provides a Cyclic voltammogram_s 0f*8FC-DNA-PEG-DNA-SH-3 modi-
reagentless detection method that records target DNA binding aS1‘|ed gold ball electrodes in the absence of target DNA show a small
an “on signal’. redox couple at 0.301 V likely due to nonspecific interactions of
The oligodeoxynucleotide-PEG macromolecule was synthesizedth_e DNA W_'th th_e electrode (Figure 1). NO_ r_edox_couple IS seenin
using an ABI 392 solid-phase DNA synthesizer. Théaxyithiol this potential window for electrodes modified with mercaptopro-
was introduced via a modified CPG solid support, and the PEG Pionic acid, mercaptohexanol, or ferrocene-free DNA. The redox
block was prepared by six sequential poly(ethylene glycol) phos- response changes S|g_n|f|c_antly in the_presence of single-stranded
phoramidite spacer couplings (Glen Research) during solid-phasetarg(':‘t DNA. As shqwn in Figure 1, add_ltlon of 2(_)0 nM target DNA
DNA synthesis. A Sterminal ferrocene phosphoramidite was to the electrochemical cell causes an increase in current associated

chosen as the redox reporter group for these experiments sinceith the Ifelrrocem:] prpb?. Similar be_hﬁwor has been seen in
ferrocene has proven utility in biological diagnost¢4Sit is stable traditional electrochemical DNA sandwich assays using a sSSDNA-

during DNA synthesid7 and it possesses an accessible redox ferrocene probe. Analysis of the scan rate behavior further confirms

potential under physiological conditions. The capture and probe that the ferrocene-modified DNA is immobilized on the electrode

sequences are complementary to a target DNA sequence characSUrface. The peak currenti)(for the ferrocene redox couple are
teristic for a gene overexpressed in prostate cancer'édise 5- proportional to the scan rate, consistent with a surface-confined
redox group (Supporting Informatio®) Peak widths and splittings

FC-DNAprobe-PEG-DNAapure-SH-3 macromolecule used in this

Igﬁﬂ?gfg: ;’r'gf]eg;fri‘écesme University. are slightly larger than ideal for a surface-bound Nernstian response,
§ Boston University. reaching limiting values of 8245) mV (AE; 12 and 15 ¢&5) mV
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Figure 1. Cyclic voltammograms of'8Fc-DNA-PEG-DNA-SH-3 modi-

anionic counterions for the ferrocene/ferrocenium redox couple may
be hindered by the largely anionic environment near the electrode.
In summary, we have developed a “two-piece” electrochemical
assay where the detection signal arises from a change in electron-
transfer dynamics as a consequence of a large conformational
change induced upon hybridization with target DNA. In this system,
the DNA-PEG-DNA macromolecule folds or wraps around the
target DNA bringing the ferrocene probe in close proximity to the
electrode surface affording an electrochemical response. In contrast
to prior reagentless electrochemical DNA detection schemes based
on DNA hairpins?~1! this approach generates an electrochemical
signal upon recognition of the target DNA (i.e., signal “on” device).
These encouraging results provide further motivation to evaluate

fied gold ball electrodes in the absence (red) and presence (black) of targetpNA detection schemes based on target-induced conformational

DNA (200 nM). (Conditions: 100 mV/s, 25 mM phosphate buffer, 100
mM NacCl, pH 7.0).
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Figure 2. Alternating current voltammograms at different frequencies and

plot of I/l, vs log[frequency] (inset). (Conditions: 25 mM phosphate buffer,
100 mM NacCl, pH 7.0).

(AE) at slow scan rates/(= 10 mV/s). Similar broadenings have
also been observed for other surface-bound spéties.
The electrochemical behavior of the immobilizedFs-DNA-

PEG-DNA-SH-3 was also investigated using alternating current

voltammetry (ACV)?! The peak potential was determined to be
0.305 V (vs NHE), in agreement with cyclic voltammetry experi-
ments. The ACV signal increases 6-fold when 200 nM target

DNA is added to the electrochemical cell (Supporting Information).
The greatest current response was observed at a frequency of 1

transitions. Moreover, the underlying detection design is likely to
translate to additional areas of analyte detection that currently use
the conventional sandwich assay.
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Supporting Information Available: Plots of current vs scan rate,
current ratio vs log frequency, and ACV in the presence and absence
of target DNA. This material is available free of charge via the Internet
at http://pubs.acs.org.
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