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Development of biosensor using nano-micro technology (Part 2)
- Label free immunoassay using electrochemical impedance spectroscopy -

Yasumoto Date, Shingo Terakado, Kazuhiro Sasaki, Arata Aota,
Norio Matsumoto and Naoya Ohmura

Abstract

Immunoassay has been served as a useful measurement technique in medical field. We are developing flow-based
immunoassay as a rapid and cheap measurement tool in environment and food fields for heavy metals and various chemicals.
In many types of immunoassay, labeling of antibody is required to detect antigen-antibody reaction from the
reaction-dependent changes of physical and/or chemical signals. While, labeling often leads change of antibody binding
character. A label-free method applicable to immunoassay to detect antibody is therefore desired. Recently electrochemical
impedance spectroscopy (EIS) using modified electrode is proposed to detect biomolecule such as protein without any
labeling. Here we describe construction of flow-based label free immunoassay using for polychlorinated biphenyl (PCB)
using EIS detection.

The modification of micro fabricated electrode was successfully prepared by electrochemical deposition of chitosan onto
the selected surfaces of electrode, followed by chemical immobilization of PCB ligand to chitosan. The modified electrode
showed a clear response of resistance based on EIS, depending upon anti-PCB antibody concentrations. This corresponding
response enabled to estimate PCB concentration through quantification of the unliganded antibody. The micro flow cell using
modified electrode was proposed as flow-based label free immunoassay after optimization for flow conditions. The proposed
assay exhibited working range for PCB from 0.4mg/kg to 11.1mg/kg. PCB concentration for IC50% in flow type was three
times lower than that in batch type.

(Environmental Science Research Laboratory Rep.No.V10031)
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320,500 T o 7o, RUSHEITHN L 72 K HifE 1%
P & AE il AR DSOS . MR TORR
BB v —7 ORISEE DR A Z R L TN,
ZORERN S S OB O BN B & FR
& L7z, BEHHICR T 2B EORIE O RTREME
DRI T,

3.2 7O —AKAL/TyvtaADEE
321 E2A—AKAL/TyvtaA DA
EICEHLIEFOREIL
EiiEmE AN A L) T oA EITO72D
IZiE, EARETHLIB|IEELENREWNITE
LE LV, £ZT, HWEPUELITERT 2 LA
bhd® b roBBAERMEBF Lz, £z,
F7m—RKDA LT AT, HikEED
FRBE &S FEAR O [ D BS 3 IS D B
WD, MIEZELOBEMAZIERE L
T, &AM & BB IS T D TORIG
e 2 kit L7z,
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3.2.1.1 FrHUDEEBFRE DK

x MY BRI OBARRRIL 15, 30, 60, 90,
120 & L7z, ®F hH & S1 oraEEib Lz
{EAFFEMIZ 5 LT 5.0 nM OFUREIRZH T L.
iR T 1 RIS, PBST T 2 [A], PBS &
T RIS L2 RICHE LB B EAE K 612
R AR S IL A R OB > THIM L |
60 P THRRMBTHD 142 Q&R LIZ, £/, &
FEWEM Y 90 B LA ECIE AZ B Lz 2 &
Mo, WEREIOX ML, ik L B
Eﬁ%ﬁ%ﬂibéfc&’)ia B FA =R
HECLmBIcE IR neEEZ b, Uk

DFERN D AEMEMOERICISNTH Y
Wk & EAAT D REIT 60 B & L7z,

3.2.1.2 HARKEEOEE
EEHFEMIZ % LT, 5.0 nM OHUIRIRIE T T
L., =|IRTO, 1, 2, 3FMKE%. PBST T2
[7], PBS T 1 [EI¥E# L 722 S HIE 21T o 7o fb
X TR, BOSKER O BN L > TE Sl
WEEEIN L. BOGEERE 2 BRI DL ETIRIE —EE A
R UTz, 6o T, EMIEM & T LRk
ISR RBIZE T D F TORISKERIE 2
RRETHLZ G, 7 —KDAM LT v
A ORISR Z 2 B & L,

3.22 ¥O—RKAL/TvEAIZEK
% PCB mHlE

Tu—XA LT A BMETDHIIHIEY

ATEERE & L CEMEMZ HW-IdE7 o —R A1 A
ST A BREE L,

PCB % & £ 2 W HUARIK TH O N2 E 5 EIC
95 B REMRE S & LT, PCB DKRIE
HiAR 2 (ERL L7 & 2 A 3B O PCB R FEITK
17 LT E SO Z b3 5 bz (X 8), A
RFBAEA 10~90 %IZFI Y4 2 BIEH#RICE
JOREREARINFERE T5L . FhEND
FRH&IPHIL, 0.8 ppb ~83.5ppb Th o7, F

160 [
S 120 t
|
T 80|
mg

40 t

0

0 30 60 90 120 150
EEFE (7]

M6 FhrHUOBEREMESEICSALSEE

120 |
c
m
iy
m@
0 1 2 3 4
RIGERE [
® 7 E72O—FRAL/TvEAIZEITEHERIG

KENESHEICSZASEE

7o, RIEER N B 57 1C50 X 9.2 ppb TH
ST, PhbEmb, A v E—F AREICHESL
FHou—RKA L) T A BEETE, T,
HEREOFIE L 725 1C50 1 XHUR DK A fif i
EE (0.9 ppb) D 9 FFRRJE & R O RHLA R S
N2 b, WIS, X0 SR 22 E A HIFE
S5 7a—KIZLDA LT oA ZHEEL
7o
3.3 7JA—AXAML/TyvtADEE
Tu—RAA LT vEAITEBNT, FUKRE
PR (PCB) I EEIC X L THRSIT/hI N E &
RO FHBRAND RN L0 | Bk O #E G g B E 2
FCTOEMBHLAENBFTE S O,
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K8 FoO—XKAL/TyvtfDKREMEE

HEHPAIL 0.8 ~83.5 ppb (IC50=9.2 ppb) TH - 7=, fAXHEBMEIL PCB & & 2 Wik 2 JlE L 7=

BRI 5% 100% & L CTHEH L7,
RIZ3MEIE L EIETH D, =T — 1" —iF

Z T, BRREIIH L THRE Gk &
HHAIZIEIR L ) D~ A7 r7r—k /L&l
L., BlERE —KILT22& T, 7r—KA
LT A NARER~YA 7T e —E L —{K
RUEffiEm A FR L7z (X 2(B)).

(v

3.3.1 72—=AXAL/TyvEALA DAEE
[ZBE 5 EFDHEL
7m—ﬁ4A/7y?4K$wf\ME@ﬁ
B L EREICB D AR L LT, FURIRE,
W, BREERNMONTEY, 210 & K
It322L T, BEERNENFREE 2D, £

\_T %h%ﬂ@.%%”ﬁ *ﬁﬂj‘bfuo

3.3. 1.1 HmAKREDKE

PCB O EAZWET 5 7= 0i2id, WEERHPIcsE
Fh D PCB EEIZIE U TET DRSO
PCB HUAR D FE A MR 3 i L2 FfHE S 2 R BUG
PURENOEREE L CBHNTI2LERD D,
TR b PURER T ORKIE DO PCB HLiAk
FEEEFHEPEOEMBARICHD Z ENEEL
W, £ T, flix ORETHUAL ETe PBST #%

WERROTUAIREIL 5 nM | RUSEFRENIL 2 Befdl & L7z, WE
R AT =T,

B R 3.0 mL % X HEE 400 pL/min Tv A 7 1
Tua—k/VC@BIR LT, TOMER, Bon{E
T, 1.0 nM E THUAIRE & IED E#R LR %
~L (X 9A)) . 155 ED S RIEHE T DO AREIE
PIRREZERECTEXDHZENRENT, Lo T,
LU O FEBRCTIIHURRE L. 551 & EDER
BAMRASERANZT 5 1.0nM & L7z,

3.3.1.2 HEREDHKE

Wi, Ak~ A 7 v 7 —+t%/LiZ 1.0 nM O
Puik % & 10 PBST #% K % 400 uL/min TiEIK L |
KR & LR B & DBIR A TR~ T, R &I 1.0,
1.5, 2.0, 3.0, 4.0, 50 mL & L7z, ZOHEE,
PR 3.0 mL FE TILE BE & BIREIZIEDE
MEMRZ R L2 (M 9B)), Z ik, HIERIE
H O R BOSHUR AL T I BRI U C—
TEDOEIA THITE ST 5 2 & TR A H N
THZLERLTEY, LFOERRTIIXKE
% 30mL & L7,

3.3.1.3 FREEDRE

REIZ, TNETEREMRIER LI~ A 7 1
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(A)
S)
g
o
[}
O 1 1 1
0.0 2.0 4.0 6.0
PUKIRE [nM]
(C)
140
< 120
o 100
o 80
o
= 60
R -
m 40
20 r
0 1 1 1 1

300 600 900 1200

£ RERE [ul/min]

B9 JA—XAL/TyvEfADAE
MRREELESEORE (REL 4004 |/min,
HAMOERELESEOER HAREX 1.0 n,
AHORREESEOERE GERERT.0 nM,

(A)
(B)
(C)

7u—%/Z 1.0 naM OFifR%E & 3.0 mL O
PBST #& & ¥k % 200, 300, 400, 600, 1000 pL/min
TER LTS AaOEFEZE Lz, £72. [
D FEERERETPCB % 5 ppb IR L 72 1.0 nM ®
Pt PCB HURIR CHAT o 72, £ DOFER. HXHE
BB REIE O E 400 pL/min BL_EIZEH VT, 60%
NH T0%DFIPH 27~ L, SSIREENZ(E L TH
B R B AR T e o T, (K 9(C) LLEX
V., v~ 7 a7 —L—{KEMmE W7

n—XA LT A ORESRMIL, ERED
{KIEE 1.0 nM | 3.0 mL, 253 E 400 pL/min
ERE LT,

(B)

160
140
120
100
80
60
40
20

[Q]

fEe

iy

o
-

20 4.0 6.0 8.0

ERE [ml]

FHnmEt
uu.%'i?) 0 ml)

FREIL 400 ¢ | /min)
/)I %(i:; 0 mI)

3.3.2 72—KAL/T7yvtEAIZLkD
PCB D AITE

PCB % & £ 2R WHUARIK T/ 6N E 5 EIC
XD EHREERMESMEE LT, PCB ORIE
fif A ER L7 (X 10), ZORER, MHES
DY 10~90 %Y 3~ SR IEMAMR I T 5
JERPH A BRINEPH & 35 &, 2B o
PHIZ. 0.4 ppb ~11.1 ppb ThH-o7=, F/=. &
Ef#R B 572 1C50 & 3.1ppb THY .
77—z (IC50=9.2ppb) &Lbfg L T 3 {5
DEETDOA L) T A MARRE ST,
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HAMDPCBRE [ppb]

10 28—XA L/ T7yvtf4DRE/MIR

JE#LPHIL 0.4~11.1 ppb (IC50=3.1 ppb) T&H - 7=, JESRMI1%, LR E 3.0 mL, 2EEE 400 pL/min.,

HUREE 1.0 nM & L7,

FAXHME BEIZ PCB #& 72 Wik 2@ L=

EXDAE Bl & 100% & L TH

L7z, AERIZ3ERE L FIETH D, =T — = 3EEREZ T,

3.4 EBE

7ua—=XKOA LT vEA T, #Aﬁﬁﬁ
SMTEE L 5 2HEAE R M TITbiL e
E%ﬁ@l@O&ﬁWﬂﬁﬁéﬁém%mﬁk
FE-HT LML TVWS 9, M sh
TW2HL PCB Bk (K2A) OFEAMREEES (Kq
=#109ppb) THDHI EMNH, ¥~/ rT7H—
B L EMEMREEGETA LT A
IR L U CEBM R E CORPEIXTE 220>
Too —Ji. TARMICSENE L7-4 2w oA NIRRT
e, HRRI T2 Anizftko 7 e —K1 &
T A T ARIE MR D 1C50 138 & MR Bl E 2K

E1FIE—2 (IC50 = 0.9 ppb) L7z, ZD7=d,
BRENR o ThRWERFEKRE LT, &itlLie~
A r7a7a—keNEHWEEE T, FHRE
ML E kT 2B DAL — TR &N
EAONTZ, Lo T, b5 EEEITIX
A7 v 7a—tLOMBEMHEDRFNLELE
BT,

F 7z, WERE 2R T A BRI E §

. &

FHIZ

BWTHRAKT3I9% EEWEEZR LT, ZOFER
DO, RO EWEIE 2 E i3 51Xl EO R
W3 d v | RE LT DS " RE R B Al AR O 1R
RGBT 2 LB R S LT,

4. 5

AEWETIE, IERRTURZ W o m R E e A
LT vEAEL LT, ERILFEA v E—F
AEEFA LI 70— A T v A ZHRE
L. ORI 2R EAT > 72,

FEUDIT, EMIZK LT, FHOFIEIC
PUAAH I 53 F % AL Rr AV [ E(L L 7B AR
MRz ERL L 7o, fen T, EMiEMR & HUEDF o
i I R T 2PUEZ L Z R H L, PCB Z %)
Gl T7a—KA LT v A OBEEITK
LTz, SHIT, PR Z 8 i =il L o
LA 7 ua7a—wLEEMiEm s s b
HZET, e —REHERL T, BWEET
ORPENFRE/RR 7 7 —KA L T A &K
LT,
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Lix, WEBEOM FlcnEEEZLRD
~A 77—kl OMEERET DL EBIT,
22 TE L7 A 203 R RE 7 06 A6 B A 0 VR B 5 15 & B
BT 5, Fo, =—X0OBNMBRTFRIEN DB
IR LN IC BT S EHe R O 5 W EE
LT, YUITAHE T 5 EABIURO AR EE~
D EET 5,

HiEE

RFEICBITDERICHI- 0, BN T2
ZEHSETHEWL, TIERFPRZERIER
WFFERE DR —BHRIIEH N2 LET, 72,
AE e TEICARIAS, 52 TEo7, B8
B 27 iR o EE ERER ., S AT o
J Y — IO 7 AT AR B IE#HN O T
LET,
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