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Abstract - In this study, an integrated microelectrode array was fabricated on glass slide using microfabrication
technology. Probe DNAs consisting of mercaptohexyl moiety at their 5-end were spotted on the gold electrode using

micropipette or DNA arrayer

utilizing the affinity between gold and

sulfur. Cyclic voltammetry in 5mM

ferricyanide/ferrocyanide solution at 100 mV/s confirmed the immobilization of probe DNA on the gold electrodes. When
several DNAs were detected electrochemically, there was a difference between target DNA and control DNA in the
anodic peak current values. It was derived from specific binding of Hoechst 33258 to the double stranded DNA due to
hybridization of target DNA. It suggested that this DNA chip could recognize the sequence specific genes. It suggested
that multichannel electrochemical DNA microarray is useful to develop a portable device for clinical gene diagnostic

system.

Key Words

LM E

DNAR S EB49 {fAAE T4 bﬂ“ }-‘E FHEo2A A
gEAG, {Aest 115’_011 olgte] FRHelY ¢ta T
FAA7} A Bosts FHA A9 61&511] %x, ¥
ol B 5o ASAdH dANEZ FHAATL %%3}
o wigo]l w3 el of W, AHo A= F
AR e Yo = EA - ZV|NEE e W Wl$ Fa
3t} o}y fEFoz FHAHE FAE dolgley, FF
#AA Adeg 7lde ol ok EF, FAATY, &
3 4971893 (Single Nucleotide Polymorphism : SNP) &l
e BEF AMTY GIH L 2Fe d =80 =HY, A
d- 258 Fa2¥ A4 £ Aol

AvrHed fAA A AP ZeEdEAl A “P-S-
(Polymerase Chain Reaction : PCR)& 01%‘?}‘4 o] W& A
&82nA 3t FAAES 1009 oJ¥eR ¥E FE2E + 4
epz *J“%*O] g 2Folaty ul$ aPEe E24o] 7t
S @4 F3A ADdME PCRE $EF 3 {43
g A Arldses sty AL, 3] BF3a F
Aol ¥ F dE= FAAY #7F FE FY —‘Hﬂﬂ ;=

DNAZ L Efo FAAE BAd sidse oS24 A
wE . DNAY Y F48 &8 FofzAe °312}-°4 LI

N3 §347 oy (SNP)9 dl4do] FE2wa gk DNAYS
» @ B EXAEE SRETLHE BN suz - TH
= & A HIABE ERETLAFETAH %2 TH

BEXHTF 2004 17 20
BART 20044 2)1 11H

: DNA chip microarray, Microfabrication technology, Mercaptohexyl moiety, Hoechst 33258, Linear sweep
voltammetry, Ferricyanide/ferrocyanide solution

AP ¥¥EAY (2~ ArEAEAY 6]-Ple=
Y £ otk ¥33E DNAY L FilY &3z dde
Fugte Zlddel nUEZ s A A AR, A AFA G

H4FA7 nrtolEE, AR AF7|Bolut BAAAY Ag
93 go
BeA, Hzole

B8 fH29 #EL yFEAHol ofd
A ey A4 e AEIEE FH2E 1UHTH
DNAZY ojd ATE ojFojxzn Uth Arzted ZHFS
HPaEAPd vsted A HE Alxde AuLg =39 THA
Ao g Fddl, 1@E Fol 7tEdtyl gl

A7128A DNAANA Y AF 2= DNA 219 24 43t
AE g FE3k9 single strand (ss, @Y 41} DNA (ss-DNA)
E A% 23 [gd, £ARFAE o83 DNANAME 7
wg wa [107F ded, 7Hg Bl dFHz e RS
intercalator® ol- 8% W7 313H DNAAAojth A 7|3ehA
DNAMA o] o] & 5= intercalator2A FHAAITLEL o] &
T ATF2A, Wang[10, 11] B2 71230 2E W34 probe
DNAE %3 mAslm, 3% k724 Colphen)s™ & ol%z‘s}&l
of o] = ujol&] A (human immunodeficiency virus : HIV) 32t
o 9RE H&34ch Colphen)s™ (phen=phenanthroiin}e)
7188 23N o Z A chronopotentiometric stripping analysis
(PSAYE olg3tgoed, 135 ng/50 #le] FAXRE HEIRS
G, 2rRozE Aws voh Thorp (12, 13] $& #Z o7
24 Rulbpy) (bpy=2,2'-bipyridine)$ Os(bpy) 9+ Z& inter-
calator® o] &38le, G7%e ZFE AAY F U= 197
mismatch F&& 7Hs3tA st

T3, probe DNA Fax 2o guxeHe] oiA, A7z
23} g2zt (seif-assembly monolayer : SAM)E & ©]-83}¢



EL£FA hybridization (Btg)& te Wxel A4, 185z
Aok & A7 T AFE vadFojeeld] o] gEAIYE
3 DNAS] g =& A 5H.

AF7A Big ARYAZAAA g FHR A& o
[3), [4], [16]&= wlAAFo] o] 4ol probe DNAS) mAslgo s
Al AZ1EE A PHE o], AFHoZE YPEAHA o
3t FAXE HAEdct JAAstd W3 A 548
g o 8¢ vaAFolg ol A} WyPezA A FAF
Rol BmAAz7|&9 e XEZHLIHY 71EL o) & T
RAog2A, oA F3A7|&, =%, 84, dA7E & 284
2 Aolth XEF2aUY s FYJ DNARF Fo] &
Y3 AzuAe AFds sz, Ao diglitond
A H] 827 FHsdteh £¥, vlolgl Ay M @ Fgu e
ALY A%, 240 2P probed] F (AF9 )& H|uH
242 ¥z FX A AAY e 23l vlbs
& DNAZ T S|4 4X g dA2E Fold DNAYA $4%8
Ak

meld, £ =M e ¥34%Y DNAZH vzl 2t
4, Fuid, Mg vEY HelAd $5E vaAIToHe|d
DNAZ S Jigsts AL B0z &4 o8 sty 1A
Y dpole Mg Ao WaBIIEE vlAZF & o3
o B viAAFE HaZ XA DNARE At
A 98 71X #4RE FTHEAY 93ty nA3 s
3, B {428 A AEdddd adn, FHoew
AZE DNAYE o]&3t9, A4 H IUT d3FAAAZ
$83e AL FHoz &Yl

2. M7 o Ay wy
2.1 A2t

7189 AFdEe 24+ (milliQ), BF A& (Wako Pure
Chemicals, Ltd.) £& A4 oM E] AHELHATG. vx
AFY AF A F, 28 4 ¢= 99 %9 A&
ALgstgith X EAa#dYe AHEE HAXEE positived
9] OFFR 800 ¥ #A49L NMD-3 (Tokyo Kasei Co. )& A}
239, F AAY¥o2E potassium iodide (Wako Pure
Chemicals, Ltd.) 40 g, iodine (Wako Pure Chemicals, Ltd.)
10 g& &5 400 mol 3 A& o] L8Hd 2§ A
Aoz FANUEE (Wako Pure Chemicals, Ltd) 40 g,
H 2| A3l B E (Wako Pure Chemicals, Ltd.) 100 g& %<&
4 400 meol £ AL o] gHAT

A7 AL A4 A4 W (pHNE QWA UER2
4:31% (Wako Pure Chemicals, Ltd.) 3} Q4tFA2U4EE]2
38 (Wako Pure Chemicals, Ltd.) & ZAslo o] &&4
o F2AF (/93 A3)e FHHLH (Wako Pure
Chemicals, Ltd.), 932 & (Wako Pure Chemicals, Ltd.), &
A (AA = 05 mm)g AHEste AP ARFE AFe
AA2E $38lY, A (Wako Pure Chemicals, Ltd)& 1 M
2 8 N3] o] &3k

probe DNAZ A48 genwZeeolses ZA|Al ek
oAt Rl #4& AgEo, 5

ot mercaptohexyl’] &

sl2X30{2lolE DNAXE Ol B3 SMXIcHYel HM7ISH8N Hg

Trans. KIEE. Vol. 53C, No. 5, MAY, 2004

FAF Ag o] &3tG . DNA olgolojol ojsle] ~FE R of
#o]4& DNA vlo]Zz oy o} 27U E o] &&td #2357
A& Cy3 Cys5z2 adsigt &liwEe2Eol=9
EgeEL ol g AR 2PniEedeetelze v
BozA TE WA (Tris-HCl ¥} EDTAg NS o,
(Wako Pure Chemicals, Ltd.))& ZA|3te] ]85ttt probe
DNA 1A3%Fe AZe FHAAEZ 34, 6-mercapto-
hexyl (Aldrich)€ Z&42 1 mM2 ZA &t o] &3}t

AF/3o) probe DNAS 1A 3E A7t ez sty
38t 5 mM ferricyanide/ferrocyanide® o] &3ttt &4t
AEE 9% A% "A (DNA minor groove binder)ZA
2'-(4-hydroxyphenyl)-5- (4-methyl-1-piperazinyl)-2,5 -bi-
1H-benzimidazoletrihydrochlori de (Hoechst 33258) (SIGMA)
S A3t Hoechst 332582 intercalator7} o}y A gk,
double strand (ds, 1% 4) DNA (ds-DNA)Y A-T g71%
o oA deydoez AYsts Ado] v BHEA, 9 4
Mg AF YFAL2 ALHT QU g W2 A 5xSSC
(standard saline citrate %+ saline sodium citrate) €9 (3
M 93UEE, 03 M FHAUEFE, (Wako Pure Chemicals,
LtdN& ZAFHY ol &ddAt. ws& AAHo=ZAN 10 %
SDS (=¥ AN JEE, (Wako Pure Chemicals, Ltd.)) £
& ZA A o] g3

-
s

22 M3M= % £ Mx

7\Bade] F4uete 3] sty Huld AFEHEA
X (SANYU, SVC-700 TURBO-TM) ¥ utetsA ZA A%
(Y244, JTM200R)E A1£33d. XEIdLaHY S AT
ZFAZA AXN2EE X7 #std 2HBIEH (MIKASA,
IH-DX), WlelA& $18te] ¢¥ (YAMATO, DK300), %3}
71 1% wazdaoly (Karl Suss, MUB3)E AHE&¥Th
AR vlaAFoiole YA AYYA ol R
dv]7 (KEYENCE, VH-6300) 2 AAdv7d (Leica,
MZFLIH)& A+8$3t99 Y. probe DNAS ojgolatel 1174 3}3
7] $18led Stanfordth3te] Brown %o W23 DNAojd o]
Al 2=€g& AL8-3to, PC (Hewlettpackard Vectra VE)ol <3}
o Aot DNA ofgolol& A43td Fetol= Fai
of ~¥3 PP FFolE DNA wolz2 A (Axon,
GenePix4000A)E AH83to PC (intermedical IMC-DIANA)
o 93l zlojstgich

23 nj2FSJoi2oly DNAH S A

uadFoelo] A FHE 29 19 el H J#
€ &gol= {3 (Matsunami, 76 mm*27 mm, 74 1.2~15
Wola# (Sunhayato, ¥4 10 mm)E AG =Z7]
chale] A A F 2EFOAM 15E, BN 158,
AA 1589 w22 &3 AN FHFE AT
4 FAE ALgsted oF 10° Torre] JAZAE A 7] B4t
Azo2x IAFE o 200 A FFs D, ALstd o 9o
oF 2000 A #3EE A& AHEsAh

et Azg Y4 ¥Eo2IAE Adobe Hiustrator 82 o
Zel 84 Yamada Filmell &€ &3l 2AFH Hedo
Al AHE R AWAEE AHEstY positived @A) A

2 ey
&

Z

ol =i ool P fu

flo

287



WP WA EE 53CH 5% 20045 58

OFPR 8008 71@4o| L&A x84t o] N#g 28
Ax tEd ¥, vz AFH ctAAHEE o] &5t wB3
a2, 84 - A3ty vixAFAHe|E A}sgr) P=Ad »
8 HE3] 8ty thA] positive® OFPR 8008 E=¥3tn
LSRN MG F, @AY vlaagY S AL =% - A

S, AFLE 2 YPYSAF (I9E) $EE =57

_{

£

Glass slide

Vacuum evaporation

Photoresist

Photolithography * /_Photomhography* ,pm‘"m' *

UV irradiation uv irrndlation+v

Etching +
a9 1 madIojely A 34,
Fig. 1 Fabrication porcess of microelectrode array

2.4 probe DNA®S| 11H &

2 =fdAe vlold2d FF L HE357] 9% DNAZ S
MEsle AL AF 2= 3l3u glevg wpolgia {A
A B4 @7udes AL 2 =894 probe
DNA (HIV SK38 : 5'-ATTTCTCCTACTgegATAggTggA
TTAT-3', HIV SK39 : 5-gCATTCTggACATAAgACAA
ggACCAAA -3') 2 target DNA (target DNA : 5'-CCCC
CCCTCCCgggAgAgCCATAgTTegT-3', 1  mismatched
DNA @ 5-CCCCCCCTCCCgggAAAgCCATAgTTgeT-3)8
A AHEE 4FHY 2 awEE el EUmde AR
3t AHEE P aREIlEo=FAA e FFHY
probe DNAS} target DNAE M2 433 drivjde 2a
gleg, vl & HAAE EEE DNA (HIV SK39)E
st 143940 9714, -SHE probe DNAS 5 Ztho] §
€71 939 F4=HY QLS Ui, olE &du7E
LEol=8 TE ¥¥ (pHBO)E AHAZF 7t&d systz, 2z
¥%9 probe DNA £94¢ A3t}

T AF B4 AAGEA 3 N H804 4 A3
Hateto 308 FA T F AFE 2EFE AHE F o9
ol22HH EE DNAAHOIE AL43to EE7|E 4%
probe DNA &8¢ AFdo] 2E3tm, 10 CToAlA 1247
$AA F A349 probe DNAZ A3t DNA o9
o]o]& Al£3lo probe DNAS 2E3 ¢, FA4L Ax3F
AL FA 37 At Jte €307 E YA (type DS
Abg gtk 18y, AFFHo| A2 AFZHRE A & 2
271 glenz &30 FAL ZHUPZ (type DE AHEFHA
3, AEL dvtsty =FEAAL A (type 3) 3Pk 23
3 uigF TR HFZE AAHG D, vEcldor A
AT DNAE AAG 3 N2 AZAF

A B Eo|H oz A 9l probe DNAE 223 A
A&te] ¥kg BE&E FHAZIY HEled, 7 AF A 1mM
6-mercaptohexanol (MCH) #8-& #H&hale] 1417 wg A7

5]
o

t. o] MCH Hejl elsted 7 mWol %o ety Vs
ol 2j3te] So]8 02 probe DNA #x7F nA 35 A2
U, BAL uSold ZYE Yojuy matx, F ERA
A7 2 Ftet B2 (self-assembly monolayer : SAM)E ¥
43%+= MCHZE A23l¥H v 5o]d probe DNA x5 A&
A AABHS probe DNAS) 42 A< target DNAS
SA71E, 80l FolA ds-DNAYF BASG, o]z ARFE
ARG F Ut B = dMEe olg} 22 wyloez {AHAA

&9 1#A=3E =2EH
2.5 Hybridization

g HEE 2xSSCE4E A&t Fgo g
M B3 rledtx g A 2% 37 TN 147
AR FY Ayugez e 2xSSCEA4 0.1 % SDSE
7 &9, 2xSSCE 9ol 0.01 % SDSE g 8 2xSSC&
Adg A&HA AAstY No2 A2A A} Intercalators 100
UM Hoechst 33258 €& 22 - g 58 92AA %
=52 AAFT, N2 AdxAH

ol

o
fe}

o

26 M|3&y

AN EAHL 3AIYPeE Y. FRAForME &/
3l FFE LR, vEAFE A uasRe
W AAAE 1 mV olUd RE EAstm AgEN.
counter AF 22 WAFHE ALEHct 5P A= DNAA
o £ & A HE AFREL AYH AAsto A3
823 FX(BAS, CV-50W)dll F&ate Al&3tgen], GPIB
QeFol22 H&EH PC (Gateway2000 4DX2-66)o) )3t
Aojetn AW Aug #AdAN ZAHsSGY HAUFgEAHL
02 M QA4 HEAZE pH7)M AAstgoer 4AdLE:
100 mV/sg4 300~800 mVe] HlM Z33At @7
FEAYoZME cyclic-voltammetry (CV) =¥  linear
sweep voltammetry (LSV)ol ¢)ste] =4stgn},

Hoechst 33258 E3d& X §3te Ld4FdA4 CVE &9
550 mV #29 A Atetgg doyjmz o 43z
FE 2439 ss-DNASH ds-DNAS 48d ¢ glth 2 =
EoAE probe DNAY 5 T&¢ E27 (-(CH)SHE F
Agta, #3 T AL olgdte] FAF L nAIsEH
target DNAE W&AIAA F33 hybrid AAES XA
%, Hmc@st 332588 wrgAlZ . LSVel <ée] Hoechst
33258 frele] AU|HEE FAY AAFESY AolZRH
ss-DNAS} ds-DNAE #dd & .

3.2 H A=
3.1 DNAE = =py

Azy ol2A2odol8 DNAYS 23 2 (@ Hehid
o oA Ze) WAL 200x200 miolv}, 32709 AIFE W
ARG, & ERAAE BEe §434E BA6l Aza] 9
stol, F=AE 2 AdEG dustd Yase 2wy B

& AFsm, g AV REL ¥ £ Ax 19 2 (b)



o #e JlEEAY DNAZE HA%RAUY. BF5e 7@z
A vlolaga Fe FAE AMLEAT, AA ARG 2, F
AFgde] oFzte] 8o} glemz, =i FEo ddel ¥
o] At &Fol= FEUE VIBoR o ALY FHLE 7
o] gAol wAEA gerz, gdol= FIUE VBLE
AHg 3t

Lead wire {covered
with photoresist)

\

10mm

(a) 32 channels microelectrode array

(b) catridge type microelectrode array
28 2 329 oj2FIJofa o
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Fig. 3 Linear sweep voltammogram of Hoechst 33258 after
immobilization of probe DNA.
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Fig. 4 Linear sweep voltammogram of Hoechst 33258 after
hybridization of target DNA and 1 base pair
mismatched DNA
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Fig. 5 Linear sweep voltammogram of Hoechst 33258 after
hybridization of target DNA and 1 base pair
mismatched DNA
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Fig. 6 Linear sweep voltammogram of Hoechst 33258 after
hybridization of target DNA and 1 base pair
mismatched DNA
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FEH ds-DNAS] ¥l d-§3te Hoechst 33258°] A
Attz AP §¥, ZEE DNAY dHlME 529 F7}
o widte] vy AsbAFERE FUhol AFI}Gon, target
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Fig. 7 Calibration curves for concentration of target DNA and
control DNA
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