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HIE, L2407 yE4 (EIA) &, Ef#, AN
A4, WESORHHOSITICB 2 EE LW TRWE
DERIIMBIZ B 550 EMO LR E o Tnb, Al
—A LT v IZBT B IIUROE SN E L
T, 6 RDIA 70845 —TL— boRd - HBRHUTH
L. EIAOY 7 F VB FEZE S L—F ) —% -2k %
DHFWNTFEPHCONTBY, BREGIERSNEE
(enzyme-linked immunosorbent assay, ELISA) & L CIK
CERLTWS., BT, BRE, A, vy ves
=7 —=F& LI BTERMEO L ¥ ¥ 7754 AHERE
INTHY, BXRALEMBELTESB OIS Ty
5. ERALFEIA I, HH87 4+ —< VAR KRS 2
B NP ESTHY, BVEY Y T VDNg R
V=T bOHICERNTHD L VIRt D L. iz, 2k
BRI 72t 208 %425 BIZ X 5 micro-total
analysis systems (UTAS) D#EHAY, <4 7 v BELHAL%E
EIAIZKECHML T A,

BEALETZ U F A WA A2 =" B80T, Hifk
ATPUR I BRI EEE b S b 5, EROIEEO T
SICIEL S NS, BERURIC E 0 S R
DRI & O B EELSALAEEWE SR S N5 72
B, BEME R OEEE LR TE S, Lard, BRI
kR 2 & PR - PUAR RIS R O TROTXTO A7
v Tk, BT NA AZHWTITIZENTESL, ko
WEDA LT vl EHBRL TRV Y V7Y AT Aefk
ZE, B, BT 5 E L B, FERLRORELE
M LEE5Z e TE&S. Lo L, BEREERLHBHIN TH
M X DVEE L 72 MRS SRR B S8 5 &,
EWMOFHIIHEIC L2, FlE, 779 AR EICER

2, ANERRA, AR
A, Ak

' BUL R EE R S b B R S D S R RS 2 T 980- 8579 bR
A ST E X AT HE6-6-11

M ATBUE AR RN AR S AT 7 2 Y — g
f7: 062-8517 JLiBALIRT T AEK 2517-2-1
THRAEMET A - T4 - U —F: 081-3208 HERKEIAETHRK
A 2-1-40 21 T I WL Y ¥ -
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ROk R ) v — 2 KEIRB S FI4 v F ¥ 7iC
X O REEE L 7ML A FUH L 72 s RS b v — 2SR &
NTW3EY, ThEDFNL ZADERIZIESE R hE 2
AMNERET L0, HOIETOMEIIZES v, A7)
=7 Y MEZ X BBEBBEB S BE R RFERMENE, o
APMREESICBOTEMEZRTY, BOETEEL,
Bit, HIARTTAF v 7 2 REHEHEHED DO
BETHILEPEF LW, /2, BEETEICY V2
BOEBSTR2BHTLE, BT EEWEONBHERR
HICBT2ETBHOMEIRL 5 Z LA BRNIZHSh
Tw53Y,

IhETEHLIE, EIAKERMEHMEE (SECM) #
MABEDLEI VAT AEZMBLCERY. SECM X, <A
rna - F B BETU—T L LERERM S0 — 7 HEME
(scanning probe microscopy, SPM) O—H#TH Y, R
DRFRBIC B TH#EAT§ 2 L2 K5 % BRALFEMN I B
HREAR AT ATH LY. HICEBEE 3 KTISEET S
CEIZXY, RETHEBICB 2 LW E O EMBIAAY &
AA=TELTCELZAIENTEETHS., FESIZ, &
T AFERFINRIEE SRR L, ERBEEEEO A 2
=TT EOBARREEDUE (carcinoembrionic anti-
gen, CEA)Y 204 a3 V' 0EEERN %477, &
CIRFTH#EC 2 O HEL S €2 F T A ERE
Hw, Fa2T7 VA4 L7 vt A %45 Tn5"", Wittstok
LDTNV—T7IE, SECMIZ & 5 HEEHEDA 2 —D
TR GEMR T R RIESUSD T F v b7 s — AL LTz
SECM Bz DWW THE L TWwaY, /2, RETE, <=
A28 45 —-TL— 2B RALFELVELTHALLY
RU XNy y RIS AT ANHBEINLTY
5. ZOVAFATIE, 420845 —FL— D
TVORFIC—F L7 8 KOEMAE T, BEWED
AR EAT > TV b, FEES MR AZEBET L1 &
PURT LA 2 A EDE TN 228, VTl
AT 720 L L, BRALFEBRBERG & REE SRR
AL % 43 L 72 SECM 10> ELISA ¥t & A 7 A~ D) A
B B HeE B A .
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Fig. 1 Schematic illustration for the CRP detection
by SECM measurements

2T, KBTI, SECM ZFIH LT CRISESY ~
%% (CRP) ®EIA #17-7z. CRP X, MU
BENHEN G FIEREBICE Y LRS-y V30 H
D—-D2TH5H™. Fig. 112, SECM % v 72 CRP DR IH
FEM AR, £, PLCRPIURE I ARM EIZAR
vy PESELL, BHEED CRP RUTRED SRV A F
¥ ¥ —+ (HRP) kPl CRP LA 2 EHMNIC UG S €T,
P Ay FRIOGIEBHEGERAR Yy PEBELZ. RIS,
<A 7 uB/MAE ARy b EF 10 pm SRFFL, xy Tl
FEEETHIEIZEL) HRP BERIEEO L A -V 2
2. BEBALKZEOBFELETICBWT, BEFREATA L%
—ThrBLM 720ty Ay /—)id HRP OFEFE L
CEhEbsh, BBl 7ot Ay ) —VDERSh
A, TOBALRl 7z A8 ) — VR4 7 OEMICE
D7rRaA by y Z7ICBILL, FORIGCHERRIZLD A
Ry MIHiPES 72 CRP 2 M L7z, 0.1~100 ng/ml &
EEEEPRIZ B VT, BICHEIIC AL CRP BIEITIKF L,
MEBREER T B N TEL. $/, CoOFHREHRE
CHEBOYUEE B RIACARS TR ET LA Ty T
R LABRAESN Y A7 A OB EITV, BEY Y

TN ORHE, BERFHN LA

2 73
2:1 HREEHK

< v A H CRP HUfk, HRP Y ¥ CRP Mk R O
CRP 1, @B {bEESLOWVE W, #BRLKFE Y
WALED S, 72020 A8 ) —ViEy 7TV v F
Vv bEA LK. BRER B0 V87 OIS
BRE R RIK S LD Ly Y IE T VT I v
(bovine serum albumin, BSA) ZHIGHMIETENSHEA
L7z, R LB TR CEFAKICIDFBL, 4C T
WE L2z, BRAFEFEIC 0.1 M NayHPO,, 0.1 M
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NaH:,PO, 0¥ 0.1 M KCl (pH7.0) & &t »BRRER %
vz, Bk R OSBRI OMBIZ 16.0 mM NayHPO,,
4.0 mM KH,PO, % ¥ 150 mM NaCl (pH7.2) Z&E&Y ¥
MR (PBS) % M7z, 0.05% Tween 20 & & T PBS

B (PBST) % iBiFICH V7.

2:92 I HALAL/ T vt

LI AERE I0mM A 277 vy rsun
VI UyONRYY VERICQREEEL, KEOBUK LML
MEIFo, FXETY—AKRy MEZHWT 500 pg/ml
B CRP HUKiAM % 7o ABM EICAR Y FEEL, Bilk
T30 5MA v Fax— L7 ERINIARy bPA
KR 50 um T 5. PBST IZ & 2 kiFfk, Jrbestlis
PR B D2, 5 AHEME 10 mg/ml BSA s A
| BRREL 7Oy ¥ U 7 e fTo 7z, TR L 72HUR AR »
FIZ, CRP KU HRP REiHT CRP Pk % HIZZ IR T 30 77
BRIG S, o N v FROREEAGEREZER LA
Ry MIE&EEh 5 HRP OFF H#HTE % BRLAFEMEI X
DR L7,

2-3 EXLFIEME
BEALFHMBOESTH LI —R <A 7 D EMR T
&~ A4 7 BRI, BMoEE B L THERLAEY. &
SAbFEHAIEE T Y Y a A% v b (HA1010 mMS8, b3
BETHE) 2T 2B TITV, WO B2 EUE
LB E W, LA 7 0EBOT 4 A7 DY
A RENFFEMBEXLT1LO0mM 7202 A5 ) —)LDH
A7)y 7 RLYETAIBITSHEFBLRERED O iR
L7z, =R 71 A7 ROPET 1 A7 OEZFIL, FhE
N10pum 50 um THotz, FIAEME~Y, 7 0E
WA O 2 TP, SECM OARTT 477 4 — KXy
FE—FEHWTIO0mM 722t X% 7 —VOfE{LE
WKL T Ta—F A —ThoPE L. ZO, Bk
BMNE 72O AT ) —UPTHICBEEN5 05V IC
RELT. v A7 OEBROLmE AT AR S 10 um
OREFEIZERT L7, &I, 0.5 mM BEELARZ R,
<A 7 OBRAREBGERARY MEBIIBWTES—E
E-FCTHEETLIILICLD, BERSICIDERIND
AL 7 20k v A ) — VOBRTERA A=V Y &4
S, AT OEBOEEHEEE 488 pum/s, HALE
0.05V, EFHMEE 400 X 400 um* & L7z, F/2, 7o
A M) —FHITI, 05mM 720t X5 ) — V&S
ol E IS 0.5 mM ERRALAKFE Z ML 5 55 RS S8
ot BREMERNERE?S 006 VIZAT Y TL,
FREICEITIS % R I E L 7z,
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Fig. 2 Movement of the electrode attached on the developed system for the multi-samples measurement

2:4 HWAET7LAFyTEFAL ERY > SIVETRIS
AT L

RYZFL UM (10 x25 X 1.7mm) WCE@ILEET S
AFHEEEOR)ZFL 7L 7% L —1F¥— b (PET,
50um B X) Z 3D Eh®THERT LA F v THEBE L7
L —#F—INTH (Win-Laser M-Class, -L=2N—H )b L —3F
— Y AFLE) T, 420HEIL U X 1mm) %
1.5 mm BB THER L. R ZAF L VEB EO PET O4L
FHUREMLHO Y 2 Vv LTHW, 2 OMMFLIC 500
pg/ml ¥l CRP PIMER 2B AL, =i T300MA v ¥
a2 ~_— b L7, PBSTIZ X Y P, 10 mg/ml BSA &R
kA7 Frraiiv, Juk7LA Ty TEERL
7z BURT LA F v TICKBED CRP HUE OF HRP 3%
PLCRP HUREBH AT F L, SBAMILICIBTH Y FA v
FROGEREMEELBEL. ZoBHER)AF L
VEOBEABICAN, 1.0mM 720k Xy )=k
F 0.5 mM MHBELARFRBEZ RN L 72, BILHERIIZE
£ 300 um OET 4 A 7 BEE 2. A 300 um D4
BUCH Y — FRAERL, 7 v RBIGEF = — 72 AL
7z, b= bMA YRR ML, Fa—-T7 %I
SR EPEALL., BWEmKS—/S—THEL, &
BIZFTAXEY R T4 ¥ — (EG6, #5000, BkFtEss
WAFZERTE) CHPE L7, MEE L7871 A7 EROIME
3 8mm ThHho7z. TOIXHIIHEHLPET LA F v
TROET 4 A7 BE BT 2 T VERN Y A7 AITHER
L, BRALFE 21T -7z, BARALYEHING 3 WX <7
v, WRRICHSNR, SREICHRIECEER T Hvz, aR
RUSREIZ, ML OMESRNICHEBE IR TV,
RIZ, B LB v I VHE D AT A OEER T
ERBIZOW T T 2 (Fig. 2). BERAIV Y —IZHE
ENEF 4 A7 BRI, XYZ AT —VIZL 5T 3R
WEBIRECH B, MERBEZIEOMEICLY P55
XY, REBEHAGHREEEK S ® LM EALE X

Wl CALEC 3T 5. B oy THEBEL, 1M
MALOE FICEy bERBE, 2206, BT HEICE
B (Fig. 2a), MHIFLEM® PET ¥ — b L Hf$ 2 L 1E
H&EMLTEIRET % (Fig. 2b). EHY ¥ ¥ 72,
EIEEA AL v F (D5A-3200, A1) RV, &7
4 A7 BEONZE (3 mm) ML 4 X (1 X1 mm)
IO REVD, BRIIBHALAIBICRAT S L% EF
Ik$5%. 5T, PET Y= FPOEX (50 um) AEMEE
T — PO FLAC i B BEE & 22 0, il 2 BRBE RS T &
L. ZFLTC, BRICHREBRMZFERMAML, BALE
FH A AT - 72, BERE T, BEBRIZROMMLLICHREL
NEEER S 24T H) 2 L5 T& % (Fig. 2¢). ZO¥EX, &
WERENES, RFo T a Xy bROKIEES vy 7y 7
VL= F I DERENTY S, EEREFIE 25 X
93 X 34 cm E/NEITH 5.

3 KR EEE

31 CRPOSECM A X—I2F

SECM |2 & D L CRP BUR AR v M S /2 HRP @
BERMC I VERSIBEE 7oty A8 ) — R
TERDA A=Y ¥ T &Ifo72. Fig. 3 ITHRIEBEEERAR
v MO SECM 4 A — V%77, v M4 v FREEE, 100
pg/ml CRP A& FIVCERL L 72, @i icix, 1.0
mM 72ty X% =)V EU0.5 mM BEELAKEZ 3
L7, 4 A=V BWTHL HAERE, BB
DEVEBTH ) ERGEAR Y M EEE LI E—
H L7, HRP IZTHEBLKFELZBEILTABII 720 A
5 ) —VEEBALT S, HRP OFFFEISIC L - THER L2
Bt 7 0ty 2y ) —)Vid, ¥4 7 0BRX - THRHE
ENBLD, RELBLBRSAR Y PEETEHRNZIL
72 ZHhUE, HUCRPHLE AR Y bIC CRP R OF HRP FEq#%
VL CRP Hifkasiifi & h, 4> ¥4 v FROGEE SR
B LZER2RRLTWS, ARSI 2ot
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YAY =i, ARy b LEd S PEREIRICHEHT S 7
O, BohiA A—VOEBRITERFBIE ARy A X
DR 2 E R

RIZ, CRPIREEIZH T 2EICERICEFICOVTHAL
7. Fig. 4all SECM £ A —=VIZBWTH LNk KER
BT AT OETERCEZ/RT. CRP DRE%R
0.1~100 ug/ml & L7z, ETEMISEIE, CRPEEY T
DEHEONI Ny 7 75 Y FEREELFIWTNA,
A 7 DBEMHSRIEEESEAR Y b L2 EET 5 L&

400- 19
0 200

400
(um)

25 15
Reduction current / pA

Fig. 3 SECM image obtained from the immunocom-
plex for the CRP

CRP solution (100 pug/ml) was added at the microspot
of anti-CRP IgG antibody. A carbon microelectrode
was scanned at 48.8 um/s. The distance between the
microelectrode and the substrate was 10 um.
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BROMMPBH I 7z, 72, ¥—27 BT CRPERE
OWINMAE - THWIML 72, CRP #& % %\ PBS ik % A
ARy MIETLERES, ARy M LBEITERDERES
Miz#ro7z. Fig. 4b 2 CRPIREIZH T 2B BIRIEE %
A, BILEIIE, 0.1~100 pg/ml DREFHFIZB VT
CRP BEDOHBIIZITHB L. 2D X HIZ, SECM A
A=V TR DERIERICHESE SN REEEG A
Ky METHRMIZESZ A EDPNETH D, T2, HE
HWEKRARY PO A 21E 50 um BE L /NS V-0 0E
LYYV AT AO/NEYERTREE 2 D, BiREOY v
TVWTDX 7PN TES. Lo, BBMEEETSHI
LILE DA A=V FIIZBEVIIER A B3 5. K9
T oA A=V 7T, 14 XA=V%B5201#H
TP Hh5, 22T, BEEREEGEARY PO LK
WL 7 v Ru 2 M)y Z7EHIEITY, BB oE
i hA 7.

3.2 F7rANOXBMJ—(Z&B CRP HH

A7 UBBEREEGEARY PO 10 um EFICHE
L, HRP OFEEIURIC L D AR SN BERM 7 2ot
VA= NOT ru i )y ZEHINZ X D CRP B
#11o7: (Fig. 5a). EHUEM % BEIEIKED S 0.05 VI
ATy F3EhHE, HEBERIIEDCRELANL 7 Lo
BIRICEFBON, EOBRTHRAITHD LY 20 B1RICE
RS, TEEMNEZ, CRPEEOBNNIIfEVE
mizz. Zhid, REEGHEAR Y MIHiE 27z HRP
WOV AERESNAEMILR 720ty X7 ) — VO RFTE
B, Tbbi I/ HRP BICERL TV, B A
Ty 7R, BRORTERGEIBEEERET 2 HEATY
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(a) Sectional planes of images across the spots with the maximum reduc-

tion current of F¢' OH generated from the spots constructed at different
concentrations of CRP. The concentrations of CRP solution to construct imuno-
complexes were (1) 0.1 ug/ml, (2) 1 pg/ml, (3) 10 ug/ml and (4) 100 pg/ml.
(b) Variation of the current responses as a function of CRP concentration
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(a) Amperometric responses obtained from the immunocomplex for the CRP at the

microelectrode positioned 10 um above the microspots. The concentrations of CRP solution
to construct imunocomplexes were (1) 0 ng/ml, (2) 0.1 ng/ml, (3) 0.5 ng/ml, (4) 1.0 ng/ml,

(5) 5.0 ng/ml, (6) 10 ng/ml and (7) 100 ng/ml.

function of CRP concentration

B, THICEDERLLZBIEDVTETHA. 2T
BMAT Y 7H10~20 B OEBHEDFEH % CRPBEIC
HLCTFay L7z (Fig. 5b). T OF, £ CRPEEIC
BOWTHLNERITERSENS, Ny 275y v K&
(CRPEEYIICBVWTELIALERRE) FELIvTn
5. 0.1~100 ng/ml DPEHH BT, EITEITEL
CRPIEEOMNE L OMIZIXABEFREDH /2. 2Oz L
Mo, BRNEZEEILLZT yXax Y v 2 LRI
XY, HEBLAVT1IO0REREGHEAR Yy MR
ENEERNBWEERNTE S Z L5 h o7z,
T, SECM [ A=Y v 7 IZBnWTE LN RERE EL
THO THEERRIMPTETH L Z W91 5. h
i, 7rREX M) —CBWT, EKE 2EE 50 um
DEIA 7 DBEHEHEHALTWAZD, KELELERS
BEHHELNE ZEICEET A, SECM £ A — 3 v 7 Thillk
LT AERIIHE pA LBOTHUNTH Y, BIIEEORT ~
YaA¥y bOWENS IR EOMNERERNNT S 2
LIIHETHE. LoT, BEFE1Oum O A 7 D EME
Hw-8a1210, ng/ml LANVDOEEREREIPEETSH
BrEZONL. LI L, SECMA A=V 7T, Hf
BEDA A=V %BLDITREEERARY LD L/
S~ A7 uBBEEATLLEEDH 5.

- -
—

3.3 BEY L TILERIY XF LAZ AV CRP RH

BHROY VTV 2 fijfE, AF, SRECBNT5Z81E,
NAAN=Fy PAZ ) ==V FIZHEMET L7 0MDTE
BRETH L. F2TC, SECM #RXR—R & LTHEEOHR
BEERAR Y M bIRE RN TE 5/NUTHi S 2B

(b) Variation of the current responses as a

FUTNEMY AT ADRREETo /. T ROX MY —
AW CRP B OERP S, BR EORBEEEGEAR
v MCEEMSINAER (HRP) ORIL% B EKE Bl
THETH B Z 5o lz. Lo L, BRIGEIIERE A
Ry MEFBICRE IKET S, FIAEREICAKRY b
PAERL L A, ERR - ARy N IERRE o BEE 2
FTHZDIZSECM DAHT T 4 T 74— KNy 7E—-F%
P LB B D RETH - 72, HEOREHGHEA
Ry M6 REICIRE R T 57201213, B L 0EE
HRARy M EOEREE HEICHE ST 2B LETDH
5. FZT, BEOGEEEEAR Y P2 HUMICEY L
T VA F oy TEEEY C IVERIIY AT LA OREE
1o 72,

Fig. 612, BAR LB T VE Y AT 5% HWT
Bohiz CRPOMEREZRT. 4 0OMMILIZIE, 10,
100 ng/ml, 1 %010 ug/ml @ CRP HR A F L CHRIE
BMEKRZEE S S, EMMFLICE VT 30 WRIEE %17
W 20~30ICBWTELN-EREDFEH% CRPIBE
LT Tey L. F2, TRETEREERIC, BRE
I3 CRPIEEXYUOEGIIRONICEITERY 7TV E N
vy 75y FELTELIIWTWS, ZollgEB%H
WA T, RICEMIGEIL CRP EE OB L
TBY, TOEBOAREIRENZ. 4 BEOY TV
DPEICET ZHMIIH 45 THY, SECMA A=Y V7
&IREE LR R R & R L 7.

4 Rk =}

SECMZFH L7z v A L4277 vA4I12LD
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g 40 . BB LETRLLE
3
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Fig. 6 Plots of the current responses as a function of
CRP concentration obtained by using the developed
system for the multi-samples measurement
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Scanning electrochemical microscopy (SECM) has been applied to enzyme immunoassay for
the detection of Creactive protein (CRP). The immunocomplexes of the sandwich type with
horseradish peroxidase (HRP) labeling were constructed at the microspots of an anti-CRP IgG
antibody fabricated on a hydrophobic glass substrate by capillary microspoting. In the presence
of ferrocenemethanol (FcOH) as an electron mediator and hydrogen peroxide as a substrate of
HRP, the oxidized form of FcOH (Fc'OH) was generated at localized areas corresponding to
the microspot of immunocomplexes by an enzymatic reaction of captured antibodies with HRP
label. The reduction current of Fc¢' OH was detected with a microelectrode at 0.05V us.
Ag/AgCl and mapped by scanning the microelectrode to view SECM images of the spots for
CRP. An amperometric determination of CRP was also performed using the microelectrode
positioned at 10 um above the microspots. Relationships between the reduction current in
SECM images and the concentration of CRP, were obtained in the range of 0.1 ng/ml to 100
ng/ml. A system for multi-samples measurements has been developed using amperometric
determination and antibody array chips.
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