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Two examples of an electrochemical gene-sensing system are reported. They are built based
on the chemistry of a DNA probe, a DNA-modified electrode and, especially, DNA conjugate for-
mation through a DNA-DNA and a DNA-small molecule interactions to assure electrochemcial
sensing. A 16-mer oligodeoxynucleotide (ODN) having five successive phophorothioate units
on its 5'-terminus (s16) was prepared and covalently immobilized onto gold electrode surfaces
through chemisorption. A ferrocenyl ODN (f12) was synthesized by a coupling reaction
between amino-terminated ODN with an activated ester of ferrocenecarboxylic acid. The f12
was subsequently annealed with its complementary strand, p19, which contains the complemen-
tal sequence to s16. The resulting doublestrand, p19-f12, was used for hybridization experi-
ments. A treatment of the s16-modified electrode turned it to be electroactive due to s16-p19-
f12 sandwich-type complex formation. Cyclic voltammetric (CV) measurements in an aqueous
KCI solution showed reversible redox waves due to the redox reaction of the ferrocenyl moiety.
On the other hand, a s16-modified electrode treated with the mismatch control, m19-f12, also
showed redox waves, but only slightly (ca. 5% to p19-f12). These results indicate that the pre-
sent sensing system is fundamentally applicable to the electrochemcial detection of specific
genes. Next, a ferrocenyl derivative of psoralen (FcPso) is described. Psoralen is a class of
intercalator which forms a photoadduct with the pyrimidine bases upon UV radiation ; FcPso is
expected to be useful for the electrochemical tagging of DNA. FcPso was synthesized by a reac-
tion of 4'-chloromethylated 4,5',8-trimethylpsoralen with N,N-dimethylaminomethylferrocene.
A 5'-terminally thiolated 12- mer ODN (el2) was immobilized on a gold electrode surface
through chemisorption. The el2-electrode was annealed with the complementary strand, t12.
Although CVs measured in an aqueous KCI solution only gave capacitive currents, a FcPso treat-

. ment turned the electrode system redox actively; the CV peak currents due to the Faradaic reac-
tion of the ferrocene moiety showed a linear dependence on the sweep rate of the electrode
potential, indicating a surface process. On the other hand, almost no faradaic response was
associated for FcPso treatment of the el2-electrode. The potential application of the elec-
trochemcial detection of a specific gene was successfully demonstrated. As a basis of gene-sen-
sor applications, a detailed characterization of the immobilization chemistry is also presented.
The results concerning IR spectral measurements and a microgravimetric analysis using a quartz-
crystal microbalance are described.

Keywords : DNA; gene sensor ; chemically modified electrode ; ferrocene ; DNA conjugate.
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Fig. 1 Schematic illustration of electrochemical gene
sensor

A redox-active ferrocene-modified oligodeoxynu-
cleotide and an oligodeoxynucleotide anchored on a
gold electrode, both of which formed a sandwich-type
ternary complex with the target DNA to give a redox
current (a) while ferrocenyl units are not fixed in the
vicinity of the electrode surface using non-target DNA

(b).
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Fig. 2 DNA conjugate formation by photochemical reaction between psoralen and nucleobases

and application to electrochemical gene sensing
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Fig. 3 Preparation of DNA-modified electrode having DNA/ferrocene/Au interfacial structure and applica-

tion to label{ree, electrochemical gene sensing
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Fig. 4 Structures of DNAs.
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Fig. 5 IR spectra of gold substrates treated with phos-
phorothioester-containing oligodeoxynucleotide (s16)
(a), thiol-terminated oligodeoxynucleotide duplex
(el12-t12) (b), and thiol-derivatized, calf-thymus DNA
(ref. 11) (c)
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Table 1 Summary of the determination of the sur-
face concentration using quartz-crystal
microbalance (QCM) and cyclic voltamme-

try (GV)

Surface concentration/pmol cm
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Fig. 6 Cyclic voltammogram for s16-modified elec-
trode after formation of s16-p19-f12, sandwich-type
complex on electrode surface

Scan rate: 25 mVs™'; Temperature: 5C; Electrolyte :
100 mM KCl
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Fig. 7 Differential pulse voltammogram for s16-mod-
ified electrode after treatment with p19-f12 duplex
(filled circle) and m19-f12 duplex (open circle)

Pulse amplitude: 50 mV; Pulse width: 50 ms; Pulse
period: 200 ms; Scan rate: 25 mV's '; Temperature :
5C; Electrolyte: 100 mM KCI

BRENy 7759y FERIIREBRBROETICO%555
DTEE LL 2D, DEOBE TR/ SIVARLY S E
75 K DORPERERE .

Fig. 7 3MERRDO—BITH 5. s16-pl9-f12 B E
BCIE, Fig. 6 1CHET2EMERH 7B &) RBILE —
JRRLE. —HT, ATy FHELE o 238 DNA,
ml19-f12 2> HIRE L - BHIEMRTIE, ¥ — 7 ML s16-
pl9-f12 BHIBHARD 55% & TS RREICEEE -
7z, 2RI ml19-f12 A%, BEEED s16 L KE % ~HEH
ERR LBV EEZ SND. s16 DRBILIL 7
THEDT, TOHIHb—2DI ATy F2PHIZKFTX
A N s

3.4 ZxOtEHYSLEHAVS -5 DNAE
IREYE redox T NIVEH]

VL LAY (var<y) BEY IV UERICH
MEZFEL, 350 nm HEDOXOFEET CHERE % K
T5H., ZARHEEE L7 DNA R RNA IZDWTIE, B
HEIZA vy —AL—1P L, RlOICHNTEIEY IV %
REKESED., ZOLIREEEFAL, B8, B
RNA 4 O = Y vk O R H B B 55 1 T O M HAF H OB
RICHOOLNTELDY, ZH 5320 L) 2HEICEHR
L, redox {EM L EREZEATL L TEET VI —
~DOIBA%E M - 72,

EARNLEZ FIXFig. 2WRTEBYNTHS. BED
BT — LR UFERTH DA, R rary
27— MEEPRILZDT, HEDRDIHITTI—D



1142

1 1 1 I 1 1 L VI 1 1 I 1 1 1 L 1 1 1

-200 0 200 400 600

Potential / mV vs. Ag/AgCl

Fig. 8 Cyclic voltammogram of DNA-modified elec-
trode prepared from el2-t12 duplex (dotted line) and
after treatment with FcPso (solid line)

Scan rate: 50 mV's~ 1; Temperature: room ‘temp.;
Electrolyte: 200 mM KCl
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Fig. 9 AFM image of linearized pBR 322 DNA ados-
rbed on mica

AFM image was captured using JSMP 4210 scanning
probe microscope (JEOL, Co.) operated under AG
mode.
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= g

DNA BHiBHEN— AL 2BEOBEF LY VYV IV AFAIZOVTHRET S, WL, Fo—
T L7 % DNA Z BRICEEILL, DNAKAEUEZE ZBILRBITELEST (redox L E—F—) 2HHLT
Z—7y FDNA L DELHARKERE TS, redox VR—F —DfbFE LT, TZTEDNAI YV
F—MEBRICERZD T TR LAz, 3T DNA-DNAMEERE#MNE LY YVar— b EBRELT, 7
O BHiA ) TX IV EFF (LE—-F—DNA) #EK L. ZOLEDOF)ITX 7 LIF FEIZ,
Z—4"y F DNA O—& & MM LIEHEEF L Lz, SRCXY, =5y F DNABEBB LO7Ta—7
DNA, RULVEKR—F—DNAZEATH Y FAL v FEREZERTL LI BT Vv ehoTwb, 2B, ¥
—4"v I DNA OFBRIZEEODEENTBEIEET 5L IR LA bV P o FEEREERESER
DNA BfiiEMmIE, 720 VEHRO WM RBILETHEEZRT —F T, REVA MO IZA<Y
FERFELEAIE, BEEPELLETL, =%y F DNADKRESETERTHL I ERGh o7, X
I DNA-ESTHEFHELT, VIV LEWMEBBER L ORBLIIRISICER LA, 22Tk, 7
Ik BHY S LY EHRICERLHVW:. SO0 — 7 DNA ZEEL L -BRETON, 7Y ¥4 -
svRnE, VILULEYEDa TV ar— MERERAESDETHRE L. ZOE, Z“EH DNA K
DWTOAHBELBLRLFCENRON, 70— 7 DNABMO—AETCREBORELRST, “Ebt
AR BEALFEMICHRB TE L 2 830007z, U EDORERICIA, A5 TH:7- DNA BE/LE (&
KHIZH T 2R AFTF 4T A5 VL DNA, RUERRF I — VAL DNA DALERHE) 122oWT, FRIMRIX
AR VBRSNS OEM RIERE, RUOKBIRETEAR L OV —I12 & 2 BB R IRz,
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