Available online at www.sciencedirect.com

SCIENCE@DIRECTG’ Blos soRs
BIOELECTRONICS

W 5N
ELSEVIER Biosensors and Bioelectronics 21 (2005) 789-795

www.elsevier.com/locate/bios

Enhancement of DNA immobilization and hybridization
on gold electrode modified by nanogold aggregates

Shu-feng Lil?, Yong-fang Li®, Jin-ru Li2,
Long Jiang* *
& Key Laboratory of Colloid and Interface Science, Center for Molecular Science, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100080, PR China

b Key Laboratory of Organic Solids, Center for Molecular Science, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100080, PR China

Received 16 November 2004; received in revised form 12 January 2005; accepted 2 February 2005
Available online 23 February 2005

Abstract

Gold electrodes modified by nanogold aggregates (nanogold electrode) were obtained by the electrodeposition of gold nanoparticles onto
planar gold electrode. The Electrochemical response of single-stranded DNA (ssDNA) probe immobilization and hybridization with target
DNA was measured by cyclic voltammograms (CV) using methylene blue (MB) as an electroactive indicator. An improving method using
long sequence target DNA, which greatly enhanced the response signal during hybridization, was studied. Nanogold electrodes could largely
increase the immobilization amount of ssDNA probe. The hybridization amount of target DNA could be increased several times for the
manifold nanogold electrodes. The detection limit of nanogold electrode for the complementary 16-mer oligonucleotide (target DNA1) and
long sequence 55-mer oligonucleotide (target DNA2) could reach the concentratiorPoidilL and 10! mol/L, respectively, which are
far more sensitive than that of the planar electrode.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Patolsky et al., 2000have been developed for DNA detec-
tion. Among them electrochemical techniques offer great
The development of DNA sensors has recently attracted advantages because of simple, rapid, low-cost and high-
substantial attentions in connection with research efforts di- sensitivity. Many protocols have been proposed for electro-
rected at gene analysis, the detection of genetic disorderschemical monitoring of DNA hybridization. For example,

tissue matching, and forensic applicatiodeller, 2002; metal coordination complexeddghnston et al., 1995; Napier
Peterson et al.,, 2002 Many techniques including fluo- and Thorp, 1997; Rodoriguez and Bard, 1p86d interca-
rescence Selinger et al., 2000 mass spectrometryispla lating organic compoundXglley et al., 1999; Hashimoto

et al., 200}, electrochemicalRark and Hahn, 2004; Fan et al., 1994; Yau et al., 2003are usually used for DNA
et al., 2003; Chiorcea Paquim et al., 20®uirface plas-  hybridization electroactive indicators. The electrochemical
mon resonance spectroscopie(son et al., 2001; He response of these labels or indicators changes upon DNA
etal., 2000and quartz crystal microbalandsy et al., 2002 hybridization.
Methylene blue (MB) is an organic dye that exhibits a
* Corresponding author. Tel.: +86 10 82612084; fax: +86 10 82612084, (@St and reversible redox couple according to the reaction
E-mail address: jianging@public.bia.net.cn (L. Jiang). (SvetlCic et al., 199).
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MB has been received considerable attentions as an elec-
troactive indicator of DNA hybridizationGu et al., 2002;
Zhu et al., 2004; Rohs et al., 2000rhe Groups of Ozsoz
et al. Erdem et al., 2000; Kerman et al., 2QG#hd Barton
et al. Boon et al., 2003; Boon and Barton, 2Q0&ve done
many works in this field. Ozsoz et al. observed a decrease
in current signal upon hybridization at DNA-modified car- MB was purchased from Amresco Company (US) and
bon paste electrode, and concluded that MB had a higherused without further purification. All other chemicals were
affinity to single-stranded DNA (ssDNA) rather than double- analytical reagent grade and obtained from Beijing Chemi-
stranded DNA (dsDNA), showing that MB was a promising cal Reagent Company (China). Solutions were prepared with
DNA hybridization indicator. twice-distilled water.

A key issue with any DNA hybridization biosensor is
the immobilization amount and accessibility of probe DNA. 2.2. Instrumentation
Increasing the immobilization amount and controlling over
the molecular orientation of probe oligonucleotides would  Cyclic voltammetry and gold nanoparticle electrochemi-
markedly upgrade the detection limit of DNA biosensor cal deposition were performed with a ZM6E electrochemical
(Levicky et al., 1998; Taton et al., 2000; Lin et al., 2000 analyzer (Zahnek Electric). Electrochemical measurements
Liu et al., 2003. It has been reported that gold nanoparticle were performed in a conventional glass-made cell using a
modification could largely increase the surface area of elec-three-electrode system consisted of a planar gold electrode
trode and enhance the immobilization amount and ability of with apparent surface area of 20 rhor nanogold electrode, a
probe DNA (in et al., 2000 Liu et al., 2002 Cai et al., Ptwire as counter electrode, and a saturated calomel electrode
2001). However, in previous studies gold nanoparticles were (SCE) as reference electrode, respectively. All potentials in
mainly modified on DNA biosensor surface through the link- the text were referred to the saturated calomel electrode. All
ers with two function groups, but often the linkers disturbed experiments were carried out under an inert atmosphere by
the electrochemical signal of DNA biosensor and the mech- bubbling nitrogen gas through the working compartment.
anism of enhancement need further investigated. In present Scanning electron microscopy (SEM) (Hitachi S-4300)
works, gold nanoparticles were directly electrodeposited onto was used to examine the morphology of nanogold electrodes.
planar gold electrode surface, the size and morphology of
gold nanoparticles could be controlled to some extentthrough 2.3. Gold nanoparticle deposition
choosing different solution concentrations, deposition time
and working potentialfhang et al., 2004 The immobiliza- The planar gold electrodes were successively ultrasoni-
tion of probe DNA and its hybridization with target DNA  cally rinsed with Piranha solution (a mixture with 3:7 (v/v) of
on nanogold electrodes were studied using MB as an elec-30% H,O, and 98% HSQ4) and ethanol and distilled water
troactive indicator. To overcome the shortcoming of small for 20 min. Then the gold electrodes were dried with nitrogen
current response during hybridization, an improved method gas, and cycled in 1 mol/L $$0, aqueous solution until a
using long sequence target DNA, which greatly enhanced thestable gold oxide formation/reduction cyclic voltammogram
response signal during hybridization, was proposed. was obtained. The pretreated electrodes were immersed into
the HAUCl, solution containing 0.1 mol/L KN@ as elec-
trolyte, where electrochemical deposition was conducted at
—200mV by single potential mode.

Target DNA2: B-CAT CCT CAC CCC CCC CCC CAT
GGG CCT CAG GTT CAT CCC CCT CCT CAC CAA
AAA A-3';

Non-complementary DNA:'58ATG AAC CTG AGG CCC

A-3.

2. Experimental

2.1. Reagents 2.4. Immobilization and hybridization

The oligonucleotides were purchased from Shanghai San- '€ technique for sSDNA probe immobilization and hy-
gon Biological Engineering Technology and Services Ltd. bridization with target DNA1 or target DNA2 on planar or

(China); their base sequences are as follows: nanogold electrodes was illustrated schematicalllyign 1
The electrodes were immersed into a phosphate-buffered
saline (PBS) solution (pH 6.83, 50 mmol/L NaCl) containing
Probe ssDNA: HS-(Che-5-TTT TTT GGT GAG GAG  0.01 mmol/L of ssDNA probe for 5 h, and then rinsed succes-
G-3; sively with PBS solution and distilled water, and dried with
Target DNAL: 5-CCT CCT CAC CAA AAA A-3; nitrogen gas to finish the ssDNA probe immobilization. The
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