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™ 93 Al 4] (immunosensor) = 1985 Northel] 2] 3} ™4
12, A &8t W A7) - Axpaeke) e 3 g
&l v] ok o7 W sl vh3). g 2o w=H
HA A = FA-FANGS 7O Sl Hlol 2
A S A7AETH3, 4). Fig. 10] ©A1F vhel o] o
o Al &= 9 12| 1 A (immunological recognition el-
ements), A & 7 3FA] A El(signal transducer) ©. = -4
=1 (5), substrater= WAL} AT A SFA|AES
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Fig.1. Structure of imunosensors. a: direct immunosensor, b: indirect
immunosensor using fluorescence, c: indirect immunosensor
using enzyme(5).
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Agy o] =4S A gtk W AlA = Henl
ol ek TA 9] fol wek vl wx
(direct A AIA]) B 32T 9 A A (indirect T < Al
NE T2 T Sil‘:}(Flg 1).

ol Al 7H 7] e X1 H S Al A = lateral flow
immunochromatographic assay & -6--&35Fo] 7% <
ARG ERZN TU o] 2S5 9 54 A%

of &&= o] AFEE el 7ofstar QI vk(7,8). K=t
71 9 7= Ao FZE A AFE-E o] EsH Ul A
g 2} 8} o] ik of] 2 ¢ &8-S 1] %] enzyme-linked immu-
nosorbent assay(ELISA) & A T & Al 4] 2 7F=¥ TH9).

Lateral flow immunochromatographic assay 2 ELISA 2}

2o AEA WMo E B0 = HAuke-8 é‘
A7) 93 EA A WS T g2 ik

o . 7510] 7171 8 3 Alo] Aeel A1 7r0) 42 A1Eh
ol s} o] WM = AFH 02 FoH2 7L 7]
HEo 7 Aty 31 /s itk 2 < infrared spectros-
copy % raman spectroscopy & *13}¥ FE7IH S F
gt oAl ol gk A-7F Erdbsth(10,11). )
21 71 o] 2lell 1 7]3}8H4], radioactive, surface plas-
mon resonance, mechanical(atomic force microscopic) 7 ]
% 59 71%]o] Wl Al B ujo] & 4 o Alg-2)

o] [©) u£|(12 14), &+ =] /\4_4 Al /\/\% U] ,14_4/\4 Oﬂ [q_g}_ ﬂ:_
A AIA, uho] © AL W] EAAAANLE FH 0
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47151814 W 4 = ol 2o oo Al
29 81514 542 718180 7S S8t o
HEAL AT ol QAN ] AFO R Wl 1
ol o8l hehhi= 17181508 54 1} voltam-

metry, potentiometry, “12] 11 impedance spectrometry=
ol g-ato] TP EA L AR EE HE AANA AT
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o A E 9] glucoseﬂ H]-O]i/ﬂ
d maghe] gstenkg- o Mg
33]' o] &F glucoses 7 Fst
Hpo] @ AlAM NS dd
]U U]XJOI-‘}}EU{ ©]+= glucose
= Eiﬂr Hkg-ato] A7]shetA &S vehd = vt
A A g o ghoko| A A o] o g H = AdtetE
28] A7t A718ker A G w7t shael 71Q1et
AR A L o S P I B s 2
A8k U 38 T o) Wt ool 7]58H4] &
AT e etE A W ke = A8 2 o) A

o o =2
713k8H4] 7)ol Al o] WAl A yo]e]
S E= o AR S

Hpo] @ Al gl sl dlx o] JiE2 22 Clark ¥}
Northel| 2] 8l 45 = 212 1(3,15), BFo] @ AlA] = 1992
1 TUPAC(International Union of Pure and Applied Chem-
istry)ell 2] 3fl g 2] ¥} 2 th4). [UPAC®]] 2] 3} nfo]
SANE AGEA e 7], A, A AEE
Aesto] Ul E A BB “deviee’ 2 ATk
O% CECEAREREEEEREEEEET
A1el 79, “device” 2] g o] of| whe} wlo] @ AlA W
AMA = it‘glﬂ d3slE A2 A4S 5= 9ot
AA vio] @ AlA 2 H o Al E JUPACO] A Al 8§
o2 Ao = FA sk Aol thgh =to] sk A
goltk(6). shAI Rk 7] 3ksh4 71 o] A5 7] -
A} 719 o] Wbk v A 3| 2 ) ke ket A st &
o] &}l 2 MEMS(microelectromechanical systems) 2]
AT g 7 O Zpgkar gl
I HGMAM M22 oot TIIofery Iy

I. Voltammetry

Voltammetry= ¢ & A ¢tel o st d 72 M=
At A7)gskd o R(17), HExE Aest
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Fig.2. Cyclic voltammograms of anti-ricin immobilized aluminum
substrate in a: ricin 0 « g/mL and b: ricin 1 « g/mL (21).

Hio] QAR Fd S nho] @ AlA 9] 4157 $hA]
2~ O 2 AL E QI TH(15). 53] voltammetry = -3 7}
heetal stko] A g sle] vlo] @ AlA 8] g3t
7107 gt v} Ao}, Voltammetry+= AR © 2 74 Hh&-
& vehdl= B2 A1 9 F S 9l s vte] 2.4l
Ao AT HSA A O 7 ALE-ET) g4 #F8-o] F
AP EA A E o] && A AHE A 7IH, A9
2= @4 RES I u] A o 2 Vel ol whel A Al
Zof EA8H= 713 2 voltammetry S ©]-8-5}0] =
gk 4= QJtk(15). Voltammetry S 7] WFS] HFo] @ AlA =

glucose ©] &]oll Zd| 2~ HE(18), pyruvate, aniline (19),

glutamine, 2! glutamate (20) 27 of] 482 o 31t}
2bsh - gk WA S YrERA] Sk S -F AT
&= voltammetry©l] 2]-&¢ 7 -¢-oll &= &F-2l-&HA o vE
5ol w2} voltammogram®] W 3}E #z-sk 4= Q)
(Fig2) 21). ¥ 5 F-A-FA G- Abs) - SHAnk-&
ol Lok, Aol g Aol o] A% A
A3 ds) 2% Wl o3 A9 xk7) it
s

A =49 A A &ol o3& Yebdth 1
AU FA-FANATAE a4F o] &5t AT A
- A71ster A o2 vjEARl 4 voltammetry =
A g-3to] JFe T Urh22).

2. Potentiometry

Potentiometric

12

AAE Azt A s=4] o
= oA = A7 AAbE

SAet] A=Y Fd-3AN-SES S5 A
713}stA 7]R o]t} t 32421 potentiometric Al A] =
& AATH23). =3k AgkApo

= NG o] 9] ol nlH Gl whek23, 24) &
A9 FE B B G20} B4

9] =l potentiometry S %] -
| A4 9] sensitivity &5 23]

potentiometric T A1 4] o] = 3Er of] A €2 A

3

>

12 O 3 Ao

FA-FANGS A7 1P E A=3EHo] Al
I H S o] & w7 Hg ol et =3 e

+ FL-FANESol et MEksi) A3
©] A &HE 3 H 3}+= potentiometry & ©] 2351 4
7Fs8ko], 371 potentiometryS ©]-&3+ H] AW
Al kel gk A7 Erdebelvh(27,28). 1e v
potentiometric T & A A= X 7 o] AEFE] 9l S 7
F 22 sensitivity 5 LEFU ©] & Al potentiometry = ©|

]
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E,cos(t,w)

Z(t,w) =
I, cos(t,m)

Z,e’” = Z,(cos O+ jsin0) = Z'(t,0) + jZ"(t,0)

(Eq. 1)

where Z, = a quantity of impedance, & = phase angle, Z' =real part of impedance, and

Z" =imaginary part of impedance.

B HEAH A AA of] th$E A= w] e gt A o]
th(17, 29). 4] A&l EAeHE o] H 7]EF 24
= 2] 7143 9] potentiometric T & Al 4] 2] G2 sensitivity
o] o] & FETH17).

1-20
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Fig.3. Typical spectra of a: absolute value of impedance (Z,) and phase
angle (0), and b: real part of impedance (Z’), and imaginary part
of impedance (Z”)(30).
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3. Electrochemicalimped ancespectroscopy(EIS)

Ayl AE wFHYY Aol st 2] AgS
AR AT g 139 nRdE As

et =40 A3-g e & oF AEER 29
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A& ool wh =49 A71%8 54& ol &
sto] FA it EAlets EAS skl SHE
T AT EIS 4 A3 24 7', Z”, phase angle 5~ UFF
A EA QA4AE A5 F Qlof(Figd) 4] i
ol A7)31eH4 S = ke AR 2 A e 4 qlrk
(30). EIS 7|"H2- 7] - A ApA2ke] A8 574 (31), ¥
QEFHC ¥ L¥E(32), FUE 2HY AY 54
(33), FEolE A 5A(34) ol &A™ o] 44
o7 Ag¥a F8H I Utk

EISE A=3We A9, A3 o] X 5
WsHA JE-g-slo] A= oA HMAet= =2 8
A Wgke] AF-E T A ob, AL HEE A
207 FA S  QlFoll et o AlA Tke] 3
= 4= ATH35). = o] BISE A= 12 &8st
W3S 4 0749 bulk quality @} T-a-8Fo] 4
& Qlo Al of| 488 ¢ F7H2A Q1 A4 %
ol A= A& JFE U=
2O 2 delA SlTh(12, 36).

221 7 =H(working electrode), 7t % =-(counter elec-
trode) ©] 2]l 7157 = (reference electrode)E F7}+3F
o EIS 4ol AFE-E 4= QITHFig4). EIS 4] ol A]
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Fig.4. Schematic representation of modes of EIS analysis a: three-
electrode mode and b: two-electrode mode (12).
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Sh= A0 2 H 1 E QI TH(12,37). SEA A s kel 7
o] HodalA e A=FEHoA] WAl Eh= gF-a A uE

13

o Hio)
—e— SEB 0 pg/mL
N 2 1 -0 SEB 10 pg/mL
®
=
N 11k
o
I
‘©
£
o
=z 10 F
0.9 : = : - :
0 5 10 15 20 25
Time (min)

Fig.5. Normalized values of real part of impedance (Z') at a single
frequency (31 kHz) obtained from EIS analysis of anti-SEB
immobilized nanoporous aluminum substrate in SEB 0 pg/mL
and SEB 10 pg/mL (12).

&+ % processE W=+ vl EISE 7|HHC = &=
HAAAM = tdEd o] el F744 A AP /L
o] AR&d = TH(12,21).

EISE Wt 89442 S7F e Has o] &3t
of =4S Adsto] A 5 Qlvk A el
M gy Airel digk E3 9] polaronic =71 1
2] 2 a3 A= E4 9 electronic A =71 4] of
& AE Y] AT e S YA =TH38). B
1 vpel] = 53 o A 2] DNAZES] A 3H
120 Hz9] 19|A 5 5olA o2 F71al3l 0 (36),
anti-SEB(antibody for Staphylococcal enterotoxin B)<}¢
SEB(Staphylococcal enterotoxin B){+2] A 32 31 kHz
o] Z'& SolFow SIS AT An
(Fig.5). 53] EIS 7] RF2] v o] Al A £] sensitivity+= EFH
oAl A off mf el vi-p- W17+8ke] 10 pg/mLy] wHE] T4
AL 20% ool AT F A= Ao BHiHS)
Uh(12, 35). EIS 7]HEe] M AlA &= 255t 9 7]Ef
A frel=d A W HEe] A48E e, A
713keH4] A 71 By o e g ek o
ZujeRz o e 21 0% ke
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Fig.6. Surface morphology analysis based on SPM. The first row shows
the surface morphology of a: a planar aluminum substrate, b: and
c:nanoporous aluminum substrates developed by anodization at
20 and 40 V, and d: developed by anodization at 40 V with
subsequent pore widening in 5% w/v phosphoric acid at 25C.
The second row shows the surface morphology of Ab
immobilization on planar (a-Ab), (b-Ab), (c-Ab) anodization at 20
and 40 V, and anodization at 40 V (d-Ab) with subsequent pore
widening in acid at 25C (42).

4, Lpte7140] HI[oforE Do Hg

AAAANEH] A2 543 o] 1yd g
A 2] =24 542 W AIA 9 sensitivity £} reliabil-
ity-‘% AR = T2 40|tk 53] &4, &Y, DNA

E'i

X] A= }%3 Hear1E UrE‘r

mlo
rE
18
_>‘:

sensmVlty ! reliability “J% ] 53 b O]
ghah e F1(39), A8 449}0101(40), Hhe
TR =M@, Uittt SR rE B A E42) 5
S 24183107 sensitivity s 3] 7 T O 2 A7 H
AAAM7F R I BF ok Ui E ARl wmE
o A A ¢ sensitivity B> A AA EH ] AA 5
7hell o)eh= Ao ® FA E o k43), HE B
w2 U2 E ARES 55 W o Al A 9] sensitiv-
ity A A A Q] T A F7EH T H o AlA 9
FoA HRIA] 1ALe] W M F -3 el 7]
sh= Ao ® FHATH42). KLl wgolA =5
et A WA IAE HH o g e A
1A QIAZ 7He] &) 4] vbg-of whe} st A sk v
= 7he e slvhs Aol th(Fig6). Uiethed 19
N1 M B i R P RS A
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