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DNA Immobilization and Its Application to Gene Sensor s
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Chemical derivatization of the terminal phosphate group of DNA, as well as the backbone linker phosphates, with
sulfur-containing functional groups were developed for covalent attachment of DNA on gold surfaces via chemisorption.
Results of IR measurements and quartz crystal microbalance analyses for the DNA-modified gold substrates were de-
scribed and the immobilization chemistry of the present system was discussed. Next, the techniques of DNA immobiliza-
tion were applied to develop a biosensor that can discriminate and respond to specific genes (gene sensor). Two examples
of gene sensors both of which were coupled with electrochemical signal readouts have been successfully introduced ; the
first example of gene sensor was taking advantage of a redox-active psoralen compound that binds covalently with DNA
and the next was achieved by the use of redox active surface adlayer having a DNAT ferrocenell Au interfacial structure.

The basic feasibility of the gene sensor was also discussed.
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Tablel. Typical methods of DNA immobilization.

Functional group Positionin ODN  Scheme of immobilization

-CeH12-SH 5,3 [AU]-S-CsH12-ODN

-CeH2-NH2 5,3 [E]-CO-NH-CsH12-ODN
Os-P-S backbone [Aul-S-ODN
Biotin 5, 3, backbone -Av-Bioti n-ODN

ODN, oligodeoxynucleotide; E, electrode; Av, Avidin
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Fig. 1. Structure of DNA molecules.
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Fig. 2. IR spectra of gold substrates treated with (a) thiol-

derivatized calf-thymus DNA, (b) thiol-terminated
oligodeoxynucleotide duplex (e€12-t12), and (c) oli-
godeoxynucleotide phosphoraothioester (s16).
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Fig. 3. DNA immobilization based on photoadduct formation of self-assembled mono-
layer containing psoralen moiety showing the structures of psoralen (1) and the
photoadducts formed (2) and the representative AFM images (3).
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Schematic illustration of electrochemical gene sensor based on

sandwich-type ternary complex formation. Formation of the s16-p
19-f12 ternary complex makes the surface adlayer redox active (a)
while the non-target DNA, m19, does not form a stable complex

with s16 (b).
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Fig. 5. Cyclic voltammograms of DNA-modified electrode prepared
from €12-t12 duplex (dotted line) and after treatment with
FcPso (solid line). Scan rate 50 mV s”1, room temperature,

electrolyte 200 mM KCl.
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Fig. 6. Scheme of electrode preparation and cyclic voltammetric responses for
FclAu electrode (thick ling), T12IFcl Au (dotted line), and T12-A120 Fcl
Au (thin line). Scan rate 25 mV s”1, room temperature, €lectrolyte 100

mM KCl.
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