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Real — time Characterization and Determination of Short DNA Sequences
with Electrochemical Quartz Crystal Microbalance

ZHANG Sheng — Long PENG Tu - Zhi™
{ Department of Cherustry , Xixi Campus . Zhejiang University, Hongzhou , 310028)

Abstract Electrochemical quartz crystal microbalance (EQCM}, which is capable of sensitive measurement
for mass and electrochemical signals. was employed to analyze specific — sequence DNA. Self — assembled
monolayers with carboxy groups were first coated on the gold electrode of a quartz crystal resonator by adsorption
of & — thioctic acid, ssDNA of 20 — mer oligonuclectides was then covalently attached to the surface via N -
ethyl = N' = (3 — { dimethy] ) aminopropyl ) carbodiimide hydrochloride ( EDC). N - hydroxysuccinimide
{NHS) as probe molecules. The processes for self — assembly of @ — thioctic acid. immobilization of the probe
and hybridization of the target DNA were real — time characterized, and the amounts of immobilized ssDNA and
hybridized ¢DNA in acidic, besic and neutral solutions were determined. It is found that both of the amounts of
immobilized ssDNA and hybridized ¢DNA are depended on solution pH, and this phenomenon is explained
reasonably in this paper. After hybridization, the gold electrode of the quartz crystal resonator was reacted with
Hoechst 33258, which is a DNA minor groove binder and can bind to dsDNA hybrids. Electrochemical signals
of Hoechst 33258 were measured lo characterize the processes of DNA hybridization. Qualitative and
quantitative analysis of specific sequence of DNA can be performed in this way without a labe] .
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Fig.2 Frequency response on time for ¢ — thioctic acid
self — assembly from 0.3 mol/L ethanol solution
onto an EQCM gold electrode
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Table 1 Immobilized amount of 2 modified quartz crystal
electrode in glycine — HC) buffer (pH 2.3) with
different ssDNA concentrations

;3 saDNA 1§15 L &
[IOABM‘L‘]} J/Hz méng
3.3 ~ M3l 462.5+ 14.8
5.0 —-$0=x 14 TX.1x£18.9
6.0 —-633+ 16 B53.6+21 6
8.0 740 = I8 997.8 £24.3
10.0 -~ 841+ 20 1135.4 £26.9
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3 sDNA 7E T 8B — bR ri 78 7R R B AL BE oo
EQCM 2 1% 5 %2 45 3 B et (] 26 4L Al
W I ETWAZOAMFREYEAE WS 2 FrE kIR
Fig.3 Frequency response on tme in a blank solution
{curve 1) and for immobilization of ssDNA onto a modified
EQCM elertrode from glycine — HCl buffer ( curve 2]
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Fig.4 Fffect of solution pH on immobilized amount
1—Phosphate buffer (pH 7.0)5 2—phosphate buffer (pH 10.0);
3—glycine ~ H{1 buffer ¢ pH 2.3)
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Table 2 Effect of solution pH on amounts of ssDNA and

hybridized cDNA
oH P swDNA B L B cDNA
m/ng m/ng
2.3 Glycine — HC1 1092.2 + 45.9 4.6+0.4
7.0 Phosphate 188.8 £ 10,6 2.4zx1.1
14,0 Phosphate 254.9+16.2 11.7+1.5
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Fig.5 Frequency respomse on time for
the saDNA probe in phosphate buffer {(pH 7.0)
1—addition of 10 ul. neDNA; 2—addition of 10 uL cDNA
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Fig.7 Differential pulse voltarmuegrams of Hoechst 33258
on the EQCM electrode hybridized with different cDNA
concentrations (10~% mol-L-1)
a—; b—1.67; c—2.00: d—3.33; e—5.00; £6.00; g—£.00
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