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Experimental Details

Chemicals and Reagents. All of synthetic oligonucleotides were purchased from
Sangon Biotech Co. Ltd. (Shanghai, China) with the following sequences: probe
oligonucleotide: 5’-CAT TAT ACC GGA CTA GAG AT-3’, unmethylated target DNA:
5’-ATC TCT AGT CCG GTA TAA TG-3’, methylated target DNA: 5°-ATC TCT AGT
CmCG GTA TAA TG-3’, non-complementary (NC) DNA: 5'-ATC TCT AGT CCG
GTA TAA TG-3'. Enzyme Hpall and 10xBuffer Tango'™ were purchased from
Fermentas Life Sciences (Shenzhen, China). 3-Mercaptopropionic acid (MPA) and
N-(3-dimethylamino)propyl-N’-ethylcarbodiimide  hydrochloride (EDAC) were
obtained from Alfa Aesar (Tianjin, China). N-hydroxysulfosuccinimide (NHS) and
methylene blue (MB) were obtained from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China). Other chemicals were all of analytical grade. Ultrapure water was
used throughout. Buffer solution used in this work was 40 mM Britton-Robinson (BR)
buffer (pH 6.09) containing 25 mM NaCl. Washing solution was 40 mM BR buffer
(pH 6.09) containing 0.1% sodium dodecyl sulfonate (SDS). Hpall (0.125 u ;,LL'I)
enzyme solution was prepared by the dilution of 1 uL of 10 u pL" Hpall stock
solution and 8 pL of 10xbuffer Tango™ to 80 UL with ultrapure water.

Preparation of DNA biosensor. Gold electrode (AuE, 2 mm in diameter) was
treated with piranha solution (the piranha solution is a mixture of H,SO4 and 30% of
H,0, (3:1, v/v)) for 30 min (safety note: the piranha solution should be handled with
extreme caution), and polished mechanically with 1.0, 0.3 and 0.05 pm alumina
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slurries successively to mirror finish. After extensively rinsed with ultrapure water
and ethanol, the AuE was cyclically scanned in 0 - 1.6 V in 1 M H,SOj till achieving
the characteristic Au peaks. The pretreated AuE was immersed into a 100 mM MPA
ethanol solution for 1 h and then washed twice with ethanol. The resulting MPA/AuE
was then incubated with 40 uL of EDAC/NHS solution (1/1 mg in 100 uL PBS buffer,
pH 6.0) for 30 min. Removing the EDAC/NHS solution, a 40 pL of 40 pg mL™" probe
oligonucleotide (in 20 mM of PBS buffer, pH 8.6) was applied and incubated for 120
min. The resulting DNA biosensor was vigorously rinsed with washing solution to
remove nonspecific adsorption.

Measurement process. Sample solution (10 pL) containing methylated and
unmethylated target DNA was incubated with the fabricated DNA biosensor for 6 hrs
at room temperature for selective hybridization. After thoroughly rinsed with washing
solution to remove the unhybridized oligonucleotides, the resulting hybridized DNA
biosensor was incubated with 0.125 u pL™" Hpall solution at 37 °C for 5 hrs, and then
at 65 °C for 20 min. The resulting Hpall digested DNA biosensor was rinsed
thoroughly with washing solution. The DNA biosensor, hybridized DNA biosensor
and Hpall digested DNA biosensor were immersed in 15 uM MB in BR buffer (pH
6.09) containing 25 mM of NaCl for 15 min, and then measured by cyclic
voltammetry.

Apparatus and Measurements. Cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) were carried out on a CHI 760C electrochemical
workstation (Chenhua, Shanghai, China) equipped with different DNA biosensor as
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working electrode, a Ag/AgCl (3.0 M KCl) as reference electrode and a platinum wire

as counter electrode.

Electrochemical behavior of MB on different DNA biosensor

Fig. S1 shows the electrochemical behaviors of 15 uM MB in BR buffer (pH 6.09)
containing 25 mM NaCl on the fabricated DNA biosensor at different scan rate. A
pair of reversible redox peak was found at the scan rate of 10 mV s™. The cathodic
peak current (/,c) and anodic peak current (/,,) both increased linearly with the
increase in scan rate from 10 to 100 mV s' (Fig. S1A). The linear regression
equations were /,c=1.457x10"%v +7.394x10" and I,,= -1.008x10"*v +7.645x10°® (Fig.
S1B). The results indicate that MB undergoes a surface-controlled redox process on
the DNA biosensor surface. The redox response mainly comes from the MB interacts
with probe oligonucleotides on DNA biosensor, not the MB diffuses to the DNA
biosensor.

Similarity, after the DNA biosensor was incubated with 5 uM unmethylated target,
the I,c and /,, of the resulting hybridized DNA biosensor in 15 uM MB in BR buffer
(pH 6.09) containing 25 mM NaCl also increased linearly with the increase in scan
rate from 10 to 100 mV s (Fig. S2A). The linear regression equations were
I,=1.186x10"*v+9.254x10°® and I,,=-9.413x10™v +4.470x10° (Fig. S2B). The results
confirm that MB still undergoes surface-controlled redox process on hybridized DNA
biosensor, and the redox response is from the MB interacts with double-stranded DNA
(dsDNA).
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Fig. S1 (A) CVs of 15 uM MB in BR buffer (pH 6.09) containing 25 mM NacCl at
DNA biosensor with different scan rate of 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100

mV s” (from a to J)- (B) Dependence of I, and I, of MB on scan rate.
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Fig. S2 (A) CVs of 15 uM MB in BR buffer (pH 6.09) containing 25 mM NacCl at
hybridized DNA biosensor with different scan rate of 10, 20, 30, 40, 50, 60, 70, 80, 90

and 100 mV s™ (from a to J)- (B) Dependence of I, and I, of MB on scan rate.

Optimization of determination conditions
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The effect of the MB concentration on the difference of peak current of MB on
DNA biosensor and hybridized DNA biosensor was investigated. It is known that MB
interacts with single-stranded DNA (ssDNA) mainly through electrostatic interaction
and specific interaction with exposed guanine residue. After the DNA biosensor was
hybridized with target DNA, the formatted dsDNA improved the electrostatic
interaction between MB and deoxyribose-phosphate backbone, and the intercalation
of MB to dsDNA, while the specific interaction between MB and guanine residues
was obstructed due to the package of guanine residues in dsDNA. Therefore, the
voltammetric response of MB on ssDNA and dsDNA showed difference, which is
relatived to the concentration of MB. As shown in Fig. S3, with the increase in MB
concentration from 5 to 50 pM, the difference between the /,. of MB on ssDNA and
that on dsDNA (Al,.) increased initially and then reduced. The maximal A/, was
found when MB was 15 puM, indicating the highest discrimination. Therefore, 15 uM

MB was chosen in the following experiments.
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Fig. S3 Effect of MB concentration on the electrochemical behavior of MB in BR

buffer (pH 6.09) containing 25 mM NaCl.

Because MB underwent different interaction modes with ssSDNA and dsDNA,
MB took different times for achieving adsorptive equilibrium on ssDNA and dsDNA.
As shown in Fig. S4A, the I, of DNA biosensor in 15 pM MB in BR buffer (pH 6.09)
containing 25 mM NaCl increased with the increase in immersing time from 0 to 14
min and leveled off after the immersing time was longer than 14 min, reflecting that
MB on ssDNA reached adsorptive equilibrium. Similarity, the /,. of the DNA
biosensor after hybridized with 5 pM unmethylated target DNA increased with the
increase in immersing time from 0 to 12 min and leveled off after the immersing time
was longer than 12 min (Fig. S4B). In order to achieve adsorptive equilibrium of MB
on both ssDNA and dsDNA, an immersing time of 15 min was selected in the

following experiments.
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Fig. S4 Effect of quiet time on the peak current of 15 uM MB in B-R buffer (pH 6.09)
containing 25 mM NaCl at ssDNA (A) and dsDNA (B).

Introduction of square-wave voltammetry

S7



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Square-wave voltammetry (SWV) is a technique beneficially used in analytical
applications and in fundamental studies of electrode mechanisms. SWV is a further
improvement of staircase voltammetry which is itself a derivative of linear sweep
voltammetry. A square wave is superimposed on the potential staircase sweep as
shown in Fig. S5. The current is measured at the end of each potential change, right
before the next. Because the Faraday's current (if) is in proportion to /"%, and the
charging current (i) is proportion to ¢“"RS)_The attenuation of i is slower than that of
i.. Therefore the contribution to the current signal from the i is minimized. The
differential current is then plotted as a function of potential, and the reduction or
oxidation of species is measured as a peak or trough. Due to the lesser contribution of
charging current the detection limits for SWV are on the order of nanomolar
concentrations.'

In our work, SWV was performed between -0.45 and 0.1 V with increasing

potential, amplitude and frequency of 0.004 V, 0.025 V and 30 Hz, respectively.

(a)

Square-wave
potential

Time

J'-|-+ 'Ir - | ime

(d)

e —— A — —

| -

Recording period

Recorded

- s | I E
current

Fig. S5 The detection principle of square wave voltammetry. ir, Faraday's current. i,

charging current

[1] http://en.wikipedia.org/wiki/Squarewave voltammetry
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Investigation of the selectivity of proposed method

The selectivity of the proposed method has been verified by using a NC DNA with
sequence of 5'-ATC TCT AGT CCG GTA TAA TG-3". As shown in Fig. S6, the DNA
biosensor in 15 uM MB in B-R buffer (pH 6.09) containing 25 mM NaCl showed an
electrochemical response of MB at -0.19 V (vs. Ag/AgCl) with the peak current of
3.58 pA. After the DNA biosensor was incubated with 10 uM NC DNA at room
temperature for 6 hrs and rinsed thoroughly with washing solution, the resulting DNA
biosensor in 15 uM MB in B-R buffer (pH 6.09) containing 25 mM NaCl showed a
peak current of 3.43 pA. The relative error (RE) was 4.2%. No obvious change of

electrochemical response, indicating an excellent selectivity.
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Fig. S6 Square wave voltammegrams of DNA biosensor in 15 uM MB in BR buffer
(pH 6.09) containing 25 mM NaCl before (black line) and after (red line)
hybridization with 10 uM non-complementary DNA of 5'-ATC TCT AGT CCG GTA
TAA TG-3'". The increase potential, amplitude and frequency of SWV are 0.004 V,

0.025 V and 30 Hz, respectively.
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Table S1 Analysis of DNA samples with 40% mthylation degree at different

concentration
conscirlilr);:ion Mecgi::m Tested RE
% %
(uM) (%) (%) %)
0.05 40.0 37.8 -5.5
0.5 40.0 38.4 -4.0
5.0 40.0 39.2 2.0
10.0 40.0 40.8 2.0

Table S2 Sensitivity of gene-specific methylation assay

Methods Detection limit Sensitivity Ref

MS-PCR — 0.1% [2]

COBRA — 1.6% [3]

MS-DBA o <2% — [4]
MS-MLPA >10% — [5]
Our method 9.8% 0.8%

[2] J.G. Herman, J.R. Graff, S. Myohanen, B.D. Nelkin, S.B. Baylin, Proc. Natl. Acad.
Sci. USA, 1996, 93, 9821.

[3] R.M. Brena, H. Auer, K. Kornacker, B. Hackanson, A. Raval, J.C. Byrd, C. Plass,
Nucl. Acids Res., 2006, 34, el7.

[4] G. Clément, J. Benhattar, J Clin Pathol, 2005, 58, 155.

[5] A.O.H. Nygren, N. Ameziane, H.M.B. Duarte, R.N.C.P. Vijzelaar, Q. Waisfisz,
C.J. Hess, J.P. Schouten, A. Erramil, Nucl. Acids Res., 2005, 33, €128.
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