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An Electrochemical DNA Biosensor Based on Gold Nanofilm and Stable Y
Junction Structure
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Abstract On the basis of gold nanofilm (GNF) electrode and Y junction structure of DNA, a simple and facile single-step
DNA sensing protocol with improved sensitivity and lower detection limit was successfully developed. The GNF was pre-
pared via rapid electrooxidization of the gold surface followed by the chemical reduction of the produced gold oxide layer.
The capture probe DNA (c-DNA) was firstly immobilized onto GNF electrodes via Au—S bonding, for the subsequent
forming of Y junction structure with target DNA (t-DNA) and reporter probe DNA (r-DNA) labeled with methylene blue
(MB). Harnessing the unique properties of GNF would allow the improved contact of MB with the electrode surface and
hence boost the interfacial electron communication. Experimental results of differential pulse voltammetry (DPV) showed
that the peak current of the prepared biosensor was linear with the target DNA concentration from 1.0X10™*? to 1.0X 107’
mol/L and the proposed strategy could detect the target DNA down to the level of 2.4X10"* mol/L. Comparing with the
traditional electrochemical sensors, the present protocol enabled the generation of electrochemical signal from scratch and
possessed an improved selectivity against even a single base mismatch. Besides, this DNA sensor exhibited fairly good re-
producibility, stability and reusability.

Keywords electrochemical biosensor; gold nanofilm; Y junction structure of DNA; methylene blue; DNA biosensor
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Figure 2 CV responses of bare gold electrode in 20 mmol/L Tris-HCl
buffer (a), bare gold electrode in 1.0X 10 "' mol/L target (b), GNF elec-
trode in 20 mmol/L Tis-HCI buffer (c) and GNF electrode in1.0X 10"
mol/L target (d) (Scan rate: 100 mVes ")
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Figure 3 (A) CVs of GNF electrode (a), capture probe and MCH im-
mobilized electrode (b), hybridized with target and reporter probe (c) in
0.1 mmol/L KNO; containing 5.0 mmol/L [Fe(CN)s]* " as redox probe
(scan rate: 100 mVes™') and (B) Nyquist plots corresponding to GNF
electrode (a), after immobilization of capture probe and MCH (b) and (b)
hybridization with target DNA and reporter probe (c) in 0.1 mol/L KNO;
containing 5.0 mmol/L [Fe(CN)]> " (the inset shows the equivalent
circuit applied to fit the electrochemical impedance spectroscopy)
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Figure 4 Influences of capture probe concentration (A), reporter probe
concentration (B) and specific binding time (C) on DPV response to
2.0X10 " mol/L target DNA in Tris-HCI (20 mmol/L, pH 7.4) (S.D.=3)
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Figure 5 (A) DPV responses for different concentration of target DNA
with 2.0 pmol/L reporter probe (target concentration from a to i: 0 mol/L,
1.0X 102 mol/L, 2.0 X102 mol/L, 5.0X10™"? mol/L, 1.0X10™"" mol/L,
5.0X 107" mol/L, 1.0X 107" mol/L, 5.0X 107'° mol/L, 1.0X 10~ mol/L)
and (B) Linear relationship between the peak current and the logarithm of

the target DNA with GNF modified sensor (a) and bare gold sensor (b)
(S.D.=3)
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Table 1 Assay results of target DNA in blood serum, saliva sample and cell lysate (n=5)

FE b4 IIAE/(107" moleL™") Ky /(107" moleL ™) (I %%
IR 20.0 20.1£1.0 100.7
R 20.0 20.741.3 103.3

4 s 20.0 19.5+0.4 97.7
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JIFFAE 1000 r/min FHE T &0 5 min JECE, 2REH]
TG T IR A 22 R (pH = 7.4) 35 E PR UK. 4N i %4 H ol ik
Petroff Hausser 1% . FriS Mgl iR s & 4 il 5
7F 3000 r/min (R T B0 10 min, W EIEBOFE
HIIA 2.0X 107" mol/L ) -DNA 12 umol/L r-DNA.
A IS AR AT 23 A 50 mmol/L Tris-HCL (% 0.5
mol/L [¥] NaCl# B — 5 I IMA—E &1 t-DNA
2 umol/L [ r-DNA. 7 37 C4&AF R, EIfiH c-DNA (1)
HL B AR SV R 258 60 min R kG, 5 B T A%
SRR IS 4 20 mmol/L ) Tris-HC1 ¥ HEAT HEL AL 2
W5E.
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