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Tremendous fundamental advances over the past decade havé&cheme 1. Steps Involved in the Nanoparticle-Based
led to dramatic improvements in the performance of ion-selective Potentiometric Detection of DNA Hybridization®
electrodes (ISES).In particular, new insights into the principles cds
dictating the limits of detection (LODs) of such potentiometric
sensors have led to ISEs capable of convenient measurements dow
to the subnanomolar (parts per trillion) leveRecent efforts have
also demonstrated that potentiometric sensors with low LODs can ISE

be miniaturized to allow trace (subfemtomole) measurements in
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very small (microliter) sample volumésSuch major improvements 2“
in the performance of ISEs have facilitated new applications for
|

S
which potentiometric sensors have not been used traditionally. For JS ? ls |
example, recent progress in our laboratories has led to highly LAYsubstrate J= [Au substrate | e | Au substrate | 42+
sensitive immunoassays of proteins based on different ISE trans- A Tgﬁjf B Probe 2 c Hy05 D
ducers?

: ; ; ; 2 (A) Formation of a mixed monolayer of DNA probe on gold substrate;
Here, we demonstrate for the first time the use of potentiometric (B) hybridization with target DNA: (C) second hybridization with CdS-

microsensors for monitoring DNA hybridization. The detection of - 3pejed probe; (D) dissolution of the CdS tag, followed by detection using
sequence-specific DNA is of central importance in the diagnosis a Cc*-selective electrode.
and treatment of genetic diseases, detection of infectious agents, o . . . o
drug screening, and in forensic sciefidéarious approaches have It exhibits excellent selectivity for the relevant ions, with logarithmic
been successfully used to detect sequence-selective DNA hybridiza-S€lectivity cqgﬁicignts Of._7'.04 (C&"), —3.88 (H'), and—4.59
tion, including opticaP electrochemical,and piezoelectric meth- ~ (N&")- A miniaturized liquid-contact Ca-ISE was used as a
ods® Electrochemical methods for detecting DNA hybridization Pseudoreference electrotfe.
have received considerable attention because of their high sensitiv-  1he key parameters of the DNA sandwich hybridization assay
ity, portability, low cost, minimal power requirement, and/or Were optimized as follows (cf. Supporting Information): The
independence of sample turbidity or optical pathWayarious optimal concentration of the primary and secondary _(CdS_—nanoc-
amperometric and voltammetric detection straté§ieave been  rystal-labeled) DNA probe was eachuM, and the optimal time
used for transducing electronically DNA hybridization events based for both hybridization steps (cf. Scheme 1) was 60 min.
on oligonucleotide-bearing enzyme tddsredox tracerd? or .The high.selec'tivity of the new DNA detection is illustrated in
nanoparticle labels (i.e., gold nanoparticles, silver tags, and Figure 1 displaying the potentiometric responses of thé"Cd
semiconductor nanocrystak). selective microelectrode to (a) control solution (zero target), (b)
The new potentiometric nucleic acid measurements rely on a 200 nM of a noncomplementary DNA, (c) 5Q@M of 2-base
sandwich DNA hybridization for capturing a secondary oligonucle- Mismatch DNA, and to two significantly lower levels of the target
otide bearing CdS-nanocrystal tags. As illustrated in Scheme 1, theDNA of (d) 10 nM and (e) 100 nM. The responses to the
target DNA (60-mer) is hybridized (B) to the surface-anchored Noncomplementary and the 2-base mismatch DNA are similar to
thiolated DNA probe (20-mer) on the gold substrate (A), followed thosg optglned with the control solution. Larger §|gnals are observed
by the capture of the secondary DNA probe (26-mer) conjugated for significantly lower (nanomolar) concentrations of the target

to the CdS label (C). The nanocrystal is then dissolved0:Ho DNA. Notice in particular the effective discrimination against the
yield a dilute electrolyte background solution suitable for the large excess (500 nM) of mismatch DNA (c) vs 10 nM target DNA
potentiometric detection of the released?Cdvith a polymer (d). Such behavior confirms the good selectivity of the hybridization
membrane C#-selective microelectrode (D). assay. Considering the logarithmic response of the Cd-ISE, the

The assay was based on a recently developed miniaturized solig-Potential differences correspond to 2.8 nM for the 500 nM 2-base
contact Cd-ISE showing a lower LOD of 18 and 10° M Cd?* mismatch DNA (c) and 21 nM Cd for the 10 nM target DNA

in samples of 100 mL and 200 (microwell plates), respectively. (d), that is, to a~8-fold Iower amount of captured tags for a 50-
fold excess of the 2-base mismatch DNA.

The quantitative aspects are documented by a calibration

T Purdue University.

£ Arizona State University. experiment over a concentration range of 6-:aD00 nM target
r E{Jﬂcgucr’ifcﬁongk'a University. DNA. The resulting calibration plot in Figure 2 exhibits a well-
2 Curtin University of Technology. defined concentration dependence suitable for DNA analysis, with
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In conclusion, we have demonstrated for the first time the use
€ of potentiometric transducers for detecting DNA hybridization. The
d r.... e use of Cdt-selective microelectrodes is particularly useful for a
microplate operation in connection with CdS nanocrystal tags. The
. e P extremely high sensitivity and fmol detection limit of the micro-
10 mv electrode are coupled with a high selectivity of the bioassay,
including effective discrimination against 2-base mismatched DNA.
Note that the low detection limit was reached without a precon-
centration step commonly used in other electrochemical transduction
schemes. The new potentiometric detection route can be extended
to a wide range of genetic tests in connection with different

a b c
nanoparticle tags.
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Figure 1. Potentiometric responses of theZeelective electrode to: (a)
control solution (104 M CaCb, zero target), (b) 500 nM noncomplementary Supporting Information Available: Optimization of the DNA

lDNA, ’&C) 500 ”B"Ni‘base misnlwatch DNA, (d) 10 ”w talggl\?;%NbAv_ ;”d (8)  sandwich hybridization assay, experimental details, instrumentation, and
00 nM target (as complementary targets) after ybridization. o 0 gents. This material is available free of charge via the Internet at
Potentiometric measurements were performed inA00f solutions with

104 M CaCh as background (shown as baseline traces) with a Ca-ISE as NttP:/pubs.acs.org.
pseudoreference electrode.
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